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| | ' Pretace. 

The common need of workers in theoretical and industrial chemistry, biology 

, and medicine for a modern reference work on photochemistry has led to the 

' | preparation of this revision of the familiar work of Ellis and Wells, The Chenucal 

| Action of Ultraviolet Kays. Recent theoretical advances have so altered the inter- 

pretation of many reactions as to require the rewriting of a large portion of the 

text. Incorporation of the results of the great recent activity in this field has 

necessitated considerable expansion. Certain explanatory chapters regarding the 

modern viewpoint have been added for readers who may not have had the advan- 

tage of recent advanced courses in physical chemistry. These chapters (1, 2, 12, 

13, 14, 15 and 16) are intended to convey in non-mathematical fashion an under- 

e standing of the manner in which certain wave-lengths may supply the activation 

energies of chemical reactions. 
| 

The types of apparatus available for the production of ultraviolet rays are 

| described in considerable detail in Part I. Particular attention is given to. the 

‘nfluence of the operating conditions upon their outputs of energy. In dealing 

with photochemical reactions in Part II, a few representative reactions are at first 

discussed at length to illustrate the manner in which the mechanism of a reaction 

may be studied. Then, in subsequent chapters, the literature of a wide variety 

of photochemical processes is summarized. The effort has been made to include 

citations to all work subsequent to the first edition (1925), and in some instances 

| references to the earlier work have been amplified. At many points it has been 

necessary to broaden the scope beyond the limitation implied by the title by 

including for comparison data on.reactions due to visible livht. . in Wasi gel Pe 

s effects of light-on industrial products are treated in a somewhat more empirical 

a manner, since as yet but few investigators in this field have made full use of the 

| current theoretical advances. In reviewing the biological effects (Part IV), the 

emphasis has been placed upon the photochemical changes occurring in the com- 

pounds present in living cells and their resultant effects upon viability and function. 

A detailed historical account is given of the manner in which the combined efforts 

of physicists, organic chemists, biochemists and medical investigators have advanced 

our knowledge of the action of ultraviolet radiations in the formation of the 

7 D vitamins. The engineering and public health aspects of this work have not 

jomt been neglected. The scope and limitations of irradiation therapy in conditions 

. 
- other than rickets have been considered, but the details of treatment have been 

, " a left for medical monographs. Recent applications of ultraviolet energy in the 
} ¥. : 

—Copyricut, 1941, By 

REINHOLD PUBLISHING CORPORATION 

All rights reserved 

sterilization of various materials are mentioned. 

Absorption spectra, fluorescence, photoelectric effects and other physical topics 

are described only insofar as they contribute to an understanding of the mechanism 

of photochemical reactions. Such purely physical applications as spectrographic 

analysis and fluorescence tests of materials are discussed only to an extent sufficient 

q to make clear their relation to other more pertinent topics, although sources of 

\y information regarding them are given. | 
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INTERNATIONAL TEXTBOOK PRESS, SCRANTON, PA. : =. Electric Vapor Lamp Co. in supplying unpublished data regarding newer forms 

ill 

9167 
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of mercury discharge tubes. The Atlas Electric Devices Co. and the National 

Carbon Co. have furnished numerous illustrations. Many authors and publishers 

of books and journals, too numerous to mention, have permitted the publication of 

‘Wlustrations from their work. Drs. D. A. Wells, W. M. Burgess and the late 

Albert Sherman have read certain chapters and offered valuable suggestions. The 

authors of the first edition have been especially helpful. Many reference books, 

review articles and incidental summaries, as well as abstracts of patents and of 

material in difficultly accessible sources, have been freely used. The effort has 

been made to acknowledge these in suitable places. | 

| | FRANCIS F..HEYROTE: 

Institute of Scientific Research 

University of Cincinnati 

June, 1940 
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Chapter 1 

Introduction: Nature of Ultraviolet Radiation 

The agency of light and the field of photochemistry, aside from photography, 

have until recently received relatively little use on a commercial scale. To be 

sure, a few photochemical processes of an industrial character, such as the pro- 

duction of benzyl chloride, have had a limited commercial application, but most 

chemical operations utilizing the agency of sunlight have been found slow and 

‘neffective. In contrast with the industrial applications, theoretical photochemistry 

has recently attracted many workers, and a few guiding principles, together with 

a considerable amount of detailed information, have been obtained during the past 

three decades. Much of this advance has been due to the study of the effects of 

ultraviolet radiation which, following the development of suitable sources, has been 

carried on with vigor. 

Everyone is familiar with the application of ultraviolet irradiation methods to 

the problem of enriching the vitamin D. content of ‘milk and of certain other food- 

stuffs and pharmaceutical products. The number of branches of chemistry in 

which this radiation has been studied is, however, often a source of surprise to 

chemists when they first become cognizant of the facts. This is largely because 

comparatively few industrial operations are carried out with this form of radiant 

energy. 
Foodstuffs, the fuels which supply the energy of all animal life, are built up. by 

the action of sunlight in plants. Desirable as it might be to develop ways of replacing 

the present farming methods by well-controlled photochemical operations conducted 

in a factory, this is of less immediate importance than the problem of the exhaustion 

of natural fuels which serve as sources of energy for our mechanized civilization. 

Coal and oil represent the stored vegetation of the past. In an address on the 

future problems of engineering, Parsons! pointed out the limitations imposed by 

thermodynamics upon the utilization of fuels and emphasized the imminent need 

for studies of the availability of other sources of energy. After considering hydro- 

electric power sources and the other less explored possible sources of energy such 

as the atom, the heat of the earth, tides, waves and wind, he concluded that the 

most promising source is the sun. For the utilization of solar energy it may be 

necessary to find reactions which will yield compounds of high energy content 

which can serve as storage reservoirs. 

MAGNITUDE OF SOLAR ENERGY 

From the time of Joseph Henry, workers at the Smithsonian Institution, includ- 

ing particularly S. P. Langley and, at present, Charles Abbot, have made many 

measurements of the total amount of energy received on the earth from the sun 

at a number of stations throughout the world. The solar constant is defined as 

the solar energy which impinges in unit time on unit area of a surface perpendicular 

to a sunbeam just outside the earth’s atmosphere. Observations made at the 

1 Parsons, W. B., J. Frank. Inst., 200, 219 (1925). 



2 THE CHEMICAL ACTION OF ULTRAVIOLET RAYS 

earth’s surface are corrected for the loss of about 30 per cent which occurs during 

the passage of the light through the atmosphere. The mean value of the solar 

constant has been found to be 1.94 calories per minute per square centimeter, 

equivalent to 1.35 x 10® ergs per square centimeter per second. The fluctuations 

of 2 to 3 per cent on both sides of the mean appear to be associated with the 

eleven-year sunspot cycles, the radiation being greatest when the spots are most 

numerous. | | | 

Stewart 2 has made calculations which enable one to visualize the meaning of 

these figures in comparison with the amounts of energy available from other 

sources. He concludes that the sun at the zenith supplies the outer atmosphere 

with 4,690,000 horsepower per square mile. At the surface this is equivalent to 

about 4,690,000 cos 6 X (0.70)s¢¢? where 6 is the angle between the sun and the 

zenith. The maximum power output of Niagara Falls is ‘estimated at about 

4,000,000 H.P. At noon on a clear day in June, the sunlight falling on 133 square 

miles at Philadelphia is equivalent in power to 100 Niagaras; it is about 70 per 

cent less in December. If the radiation which strikes the whole earth in a single 

second could be converted into power, its value, at one cent per kilowatt-hour, 

- would be nearly half a billion dollars. Parsons stated that, assuming the total span 

of daily sunlight to be equal to nine hours of maximum intensity and 50 per cent 

of the energy to be recoverable, a strip of land 10 miles wide and 100 miles long 

would develop daily as much power as could have been obtained from one-halt 

the world’s total fuel consumption in 1920, allowing three pounds of coal per horse- 

power. The area of Salt Lake, Utah, alone would suffice to produce energy equal 

to that furnished by the whole annual world consumption of coal. 

As the earth intercepts only one part in 22,000 millions of the total energy 

radiated by the sun, it may be calculated that the sun emits nearly 75,000 H.P. 

per square yard of its surface. At one cent per kilowatt-hour, its power output 

would be valued at “a billion dollars in a billionth of a second.” 
Attempts made thus far to utilize this energy have been limited to the use of 

aqueous vapor as an intermediary in an engine operated by very low steam pres- 

sure. According to Parsons, the maximum overall efficiency obtained in the 

Shuman-Boys absorber in Meadi, Egypt, was 4.32 per cent. As yet few, if ao | 

attempts have been made to concentrate the sun’s rays by a system of reflectors 

upon chemicals in order to get the latter to react to produce others of high energy 

content and fuel value. : 

The conscious development of such ideas has instead been concentrated largely 

upon the problem of the mechanism by which chlorophyll enables plants to utilize 

solar energy in building up the compounds which serve as foods. 

NATURE OF RADIANT ENERGY 

An understanding of the chemical reactions produced by ultraviolet radiations 

requires a knowledge of their physical nature. As they represent but one of the 

forms of radiant energy which comprise what is called the electromagnetic spec- 

trum, there is given in the following portions of this chapter a brief historical 

sketch of the present knowledge of light, visible and invisible. There is an essen- 

tial physical unity in the nature of wireless waves, infrared radiation, visible light, 

ultraviolet radiation, x-rays and gamma-rays. Photochemical changes induced by 

visible light and by ultraviolet radiations are quite similar in mechanism, differing 

chiefly in the amounts of energy involved and in the types of equipment necessary. 

2 Stewart, J. O., J. Frank. Inst., 204, 438 (1927). 
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These two forms of radiant energy are distinguished by special names merely 

because our eyes permit us to appreciate the presence of the visible but not of the 

ultraviolet radiations. 
Since 1913 conceptions derived from the study ot the mechanism of the produc- 

tion, transmission and absorption of radiations have come to dominate and trans- 

form modern chemistry and physics. They have been applied with great success 

to the problem of the constitution of the atom, affording models by which to 

express the facts embodied in the periodic table. Very recently, they have led:-to 

new methods of studying the nature and strength of the chemical bond and have 

given rise to a new attack on the fundamental problem of chemical affinity. 

Each of the forms of radiant energy is transmitted through a vacuum at the 

same fate, 186,000 miles per second or 3x 101° centimeters per second, the long- 

known velocity of light. The manner in which light is transmitted through space 

has been for more than two centuries the subject of a controversy between the 

adherents of the wave and corpuscular theories, the origin of neither of which is 

certain.® , 

The inadequacy of a corpuscular theory to account for the phenomena of 

diffraction and interference led Huyghens in 1690 to state, without claiming the idea 

as his own, that light is made up of waves which he conceived as longitudinal 

pulses extending in all directions from a center of disturbance along a spherical 

front. He did not, however, conceive of the existence of a train of waves. Newton, 

the discoverer of the resolution of white light. into a spectrum by means of a 

prism, on the other hand, favored the view that light is transmitted as minute 

corpuscles ejected through space, since he believed (1672) that a wave theory 

could not account for the rectilinear propagation of light. He described the phe- 

nomena of diffraction of light passing between closely spaced knife edges and the 

famous rings of color observed in thin plates, now known to be due to interference. 

Both of these phenomena now, as then, afford the strongest evidence for the wave 

nature of light. Newton+* ascribed them to certain “fits” of reflection or trans- 

mission. Notwithstanding the fact that Huyghens had shown it possible to explain 

the rectilinear propagation of light and the phenomena of refraction by certain 

geometrical constructions regarding the advancing wave form, confusion reigned 

for about a century. | 

By extending the wave theory to include a continuous series of periodic waves, 

Dr. Thomas Young was able to explain the phenomenon of interference and to 

demonstrate it in a famous experiment in a Bakerian Lecture before the Royal 

Society in 1801. Light from a single source was made to pass through two very 

closely adjacent pinholes and illuminate a spot upon a screen. At the spot where 

the two cones of light overlapped, dark and light bands are observed. Any point 

within this area receives light by two different paths, one from each pinhole. It 

the lengths of these paths differ, the crest of a wave reaching it by one path may 

meet the trough of a wave reaching it by the other; with a different ratio of the 

lengths of the paths, a spot nearby may receive the crests of both waves. In the 

former case the crest and trough (then believed to be points of maximum compres- 

sion and rarefaction) annul each other, are said to interfere, and the spot receives 

no illumination. In the latter case the waves add together and the spot is very 

bright. ati 

This experiment regarding the nature of interference turned the tide in favor 

of the wave theory of light. In the early theory, the waves were conceived as 

Crew, H., J. Opt. Soc. Am., 20, 6 (1930). 
4Newton, Sir Isaac, “Optics,” 1704. 
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longitudinal compressions and rarefactions of the ether similar to those by which 
sound is transmitted by air. New difficulties were introduced by the discovery 
of the phenomenon of the polarization of light (Malus, 1809) and the investigation 
by Arago of the rotation of the plane of polarization by various substances. These 
phenomena, unlike any encountered in the case of sound, eluded explanation until 

Fresnel in 1821 published the brilliant suggestion that the light waves may be 
vibrations transverse to the direction of propagation of the spherical wave-front. 

WAVE-LENGTH AND [ts MEASUREMENT 

1. Fundamental Concepts and Methods. ‘The distance from crest to crest or 
trough to trough of a series of waves is known as the wave-length. For visible 
light it is very small and must be measured in suitable small units. That the 
wave-length has for each color a constant and characteristic value was indicated 

by later interference experiments of Young. 
While all colors of light travel at the same rate in a vacuum, this is not the 

case when they pass through transparent material bodies. In going froma light 
medium to a denser one the velocity of light is slowed to an extent which depends 
upon the wave-length. For this reason, white light in passing through a prism is 
spread out into a spectrum of colors. The greater the thickness of the path of 

light in the prism the greater the resolution or spreading of the spectral colors. 
Measurements of the wave-length of light in some limited spectral regions, as for 
example the yellow, were early made by means of an experimental arrangement 
based upon the interference of waves reaching a spot along paths of slightly 

different lengths. 
For precise measurements of this sort the particular region at which the 

measurement is made must be reproducibly defined. Fraunhofer found in the 
solar spectrum a series of dark lines which serve as natural landmarks for certain 
wave-lengths, rendering the location of a given point in the spectrum possible 
irrespective of the resolution of the prism. It was later found that these lines 
correspond in wave-length to the bright lines found to be superposed on a con- 
tinuous colored background when certain elements are heated to high temperatures. 
Kirchhoff found that the elements which emit these lines are also capable of absorb- 
ing them when the vapors of the elements are placed between a continuous source 
and the spectrograph. The theory of the origin of the Fraunhofer lines in the 
solar spectrum is that certain elements in the gaseous atmosphere of the sun 

absorb the sun’s radiations at just these wave-lengths, and so lessen their brilliance 
in the solar spectrum. 

In 1823 Fraunhofer made precise measurements of the wave-lengths of the 
chief dark lines which occur in the solar spectrum. He employed for this an 

instrument based upon the principle of interference, the optical grating. With a 
diamond, he ruled a great number of equally and very closely spaced parallel lines 
in a thin film of gold deposited on a glass plate. This grating simulates a prism 
in its ability to separate the wave-lengths of light; unlike the prism it permits the 
wave-length of any line to be measured by direct methods described in detail in any 
textbook on optics. 

Because of the likelihood of mechanical imperfections in the ruling of even the 
best gratings (such as those ruled by Rowland) Michelson, in 1893, turned to the 
use of interferential apparatus. This represents a simplification of the principle 
of the diffraction grating, since the many thousands of waves which act simul- 
taneously in grating experiments are, in the interferometer, replaced by but two 
with a very large difference in path. The interferometer offers resolution prac- 
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tically without limit. Its use showed that spectral lines are often accompanied 

by other lines called “satellites” and made possible the development of modern 

theories of the multiplicity of spectral lines. 

- With the help of Benoit in the Bureau Internationale des Poids et Mésures, 

Michelson determined the wave-length of the cadmium red line with a precision 

car beyond that of all previous workers. By the use of a new interferometer, Fabry 

n 1900 and Perot ® compared the wave-length of the red cadmium line with the 

standard meter in Paris and found the wave-length to be equal to 0.00064384696 

mm., the observations being taken in dry air at 18°C. and at a mercury pressure of 

76cm. This value agreed well with that of Michelson who reported 0.00064384700 

mm. for the same line. Seven years later Fabry and Buisson investigated certain 

other wave-lengths and from these measurements there developed the international 

system of wave-lengths, the precision of which is probably one part in a million in 

absolute as well as in relative values. Standard values for many lines can be found in 

the “International Tables of Critical Constants.” It may at first seem that such 

precision is unnecessary. Recently, however, numerical relations have been dis- 

covered between the wave-lengths of different spectral lines emitted by the same 

element and these have led to the development of theories of atomic structure. 

At the present. time the details of the structures of individual lines are being 

actively investigated. This work requires data of high precision. 

2 Units. The minuteness of the wave-lengths of the colors of visible light 

makes it desirable to express them in terms of units of length much smaller than 

“the millimeter. In the ultraviolet, and sometimes also in the visible range, the 

Angstrém unit is employed. This is defined as 1X 10-8 cm. It is commonly 

abbreviated by the letter A rather than the Swedish A. The cadmium red line 

‘5 6438.4696A. In the visible region many workers employ a unit, ten times as 

large as the Angstrom (10A), called the millimicron. A micron is the millionth 

part of a meter and the millimicron is the thousandth part of this, since milli in the 

metric system means “the thousandth part of” the unit to which the term is pre- 

fixed. It is correctly designated by the symbol mp, since the letter ‘tm’ os. ithe 

standard abbreviation for milli, and » that for the micron or, in general, “millionth 

Bart of.” © | | 

Another manner of designating or identifying a given radiation is based upon 

the velocity with which light travels in a vacuum. The number of wave crests 

which pass a given point in a second, i.e., the frequency of the light, is obtained by 

dividing the velocity of light expressed in centimeters per second by the wave- 

length in question expressed in centimeters. Frequencies are of importance in 

connection with modern views of the mechanism of the emission of light from hot 

bodies. They involve very large and unwieldy numbers. 

Smaller figures may be obtained by dividing the true frequencies by the velocity 

of light. The units so obtained are known as wave-numbers and represent the 

number of crests within a distance. of one centimeter of a wave-train viewed 

instantaneously. The wave-number is obviously the reciprocal of the wave-length 

expressed in centimeters, rather than in Angstrom units. It has been much 

employed in recording the data of spectroscopy. 

5 This account has been derived largely from an address by Charles Fabry, The Franklin Institute 

Centenary Lecture, Sept. 17, 1924. . 

6 Following Kayser, the German authority on spectroscopy, the millimicron has been abbreviated 

as wm by many writers. This is erroneous: since it would logically mean the millionth part of the 

millionth part of a meter. The error was pointed out by Guillaume, director of the International 

Bureau of Weights and Measures in 1913, but the misleading symbol is still frequently encountered. 

Camp, J. P., Science, 70, 453 (1929); Dorsey, N. 1.3 ¥Fbid. 71, . 67 C1980); 
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INVISIBLE RADIATIONS 

The visible spectrum covers only the short range of wave-lengths from 7200- 
7600A at the red end to 3900-4000A at the violet end, the exact limits varying from 
one person to another, and from one species of animals to another. In 1800, Sir 
William Herschel discovered that the heating effect of sunlight was not confined 
to the visible portion of the spectrum from a prism since a thermometer placed 
beyond the red end where nothing could be seen showed a higher temperature than 
when exposed to the red rays. About this time the existence of some form of 
energy beyond the violet end of the spectrum was demonstrated independently by 

Ritter and by Wollaston (1802). They showed that the decomposition of silver 
chloride (which occurs in the visible range as shown by Scheele in 1777) pro- 
ceeded even more rapidly in the invisible region. 

It was soon noted that both the heating effects of the infrared region and the 
chemical activity of the ultraviolet region are due to radiations of the same general 
nature as those producing visible light. Thomas Young showed the energy in the 
ultraviolet to be of wave nature by obtaining records on silver chloride paper of 
interference rings produced in this region. Phenomena of diffraction and inter- 
ference were demonstrated in the infrared by Fizeau and Foucault in 1847. The 
occurrence of Fraunhofer lines in the infrared region of the sun’s spectrum was 
demonstrated by Herschel in 1840; Becquerel photographed them in the ultra- 

violet region. 
In 1860, James Clerk Maxwell laid the foundations of the modern theory of all 

these radiations by relating the mathematical theories of Green, Stokes and Kelvin, 
for wave motion as a generalized process, to the experimental demonstrations by 
Faraday of the electromagnetic fields set up by the motion of electric charges. 
He showed on theoretical grounds that electromagnetic waves should travel with 
the velocity of light and indicated that all these forms of radiant energy consist of 

such waves. 
Fitzgerald showed in 1883 that a coil carrying a rapidly alternating current . 

should radiate waves into the surrounding space. About 1886, Hertz produced 
these waves by means of an oscillatory discharge across a gap. He also developed 
methods for detecting and measuring the wave-lengths of these electromagnetic 
waves, which can be greatly varied, and showed that they can be reflected and 
refracted like light. Within a few years, Marconi employed them in wireless 

signaling. 
Radio waves are millions or billions of times longer in wave-length than are 

those of visible light. The waves produced by Hertz were much shorter in wave- 
length than those employed in radio transmission. Recently, by a refinement 
of the method employed by Hertz it has been possible to obtain waves having 
lengths of only 0.1 to 0.2 mm.7 These are shorter than the longest infrared rays 
from the mercury-vapor lamp (0.4 mm.) or the Welsbach burner (0.6 mm.) as 
measured by Rubens. The wave-length regions of the Hertzian and infrared 
waves thus overlap and there is no fundamental distinction between these forms 
of radiant energy. The only reason for applying different names is to emphasize 
the experimental techniques employed for their production. 

RADIATIONS BEYOND THE VIOLET 

In studying the ultraviolet region the same methods of resolution employed in 

the visible, the prism or the diffraction grating, have been used. For detection 

7 Nichols, E. F., and Tear, J. D., Proc. Nat. Acad. Sci., 9, 211 (1923). 
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of the radiant energy, a photographic plate usually serves. If one passes pro- 

gressively toward the short wave-lengths, the study of the ultraviolet begins with 

4 minimum of difficulty. But as one advances into the shorter wave-lengths the 

difficulties increase. At about wave-length 3400A, glass becomes so strongly 

absorbing that it is no longer of service and must be replaced by quartz or some 

similar crystalline substance. At about 2900A, the solar spectrum ends, due to 

absorption by ozone in the higher levels of the earth’s atmosphere. By the use 

of artificial sources, such as the metallic arc, the short wave-lengths may be sup- 

plied if satisfactory intensity. It is comparatively easy to photograph and measure 

wave-lengths as short as 1850A, this limit having been reached by Cornu. From 

this point the difficulties increase very greatly as quartz becomes strongly absorb- 

ing and the gelatin of the photographic plates becomes so opaque that the radiation 

does not penetrate it and so can no longer act upon the silver salt. Finally, with 

still shorter waves, air itself ceases to be transparent, all radiations being absorbed 

in a very small thickness. Schumann, working between 1890 and 1903, overcame 

these difficulties by replacing the quartz by fluorite, by placing the apparatus in a 

vacuum and by making photographic plates with emulsions containing a minimum 

of gelatin.8 By the methods of Schumann it was possible to obtain the spectrum 

of hydrogen to 1200A, at which point fluorite ceases to be transparent. Schneider ® 

has suggested that lithium fluoride may be employed in place of fluorite. 

Schumann did not actually measure the wave-lengths but only estimated them 

by means of an extrapolation of the dispersion formula for fluorite. Particularly 

active among more recent workers in the Schumann region have been Leon and 

Eugene Bloch 1° who studied many lines of manganese, chromium, silver, gold 

and platinum sparks of wave-length between 1869 and 1330A. 

For working further into the ultraviolet, the concave erating is employed as 

the resolving medium; as in the visible range, it has the advantage of giving 

directly the lengths of the waves. The grating, usually of about one meter radius, 

is placed 11 in a container maintained at a very high vacuum. As, however, the gas 

pressure surrounding the spark which serves as the source of light cannot be too 

low, matters must be so arranged that the gas surrounding and carrying the dis- 

charge is not allowed to enter into the body of the spectrograph. This is done by 

separating the source from the rest of the apparatus by a short and narrow slit and 

applying a powerful mercury diffusion pump at a point just beyond this slit. With 

this arrangement, Lyman succeeded in determining the lengths of the waves studied 

by Schumann; in addition to this, he extended the optical spectra to 510A in the 

case of helium. 
Millikan, Bowen and collaborators, as well as Edlén 1? and others, have subse- 

quently measured lines (emitted by hot sparks) as short as 40.28A in the case of 

the stripped carbon atom. The existence of much shorter radiations than these 

had, however, been known since the discovery of x-rays by Rontgen in 1895 and of 

gamma-rays by Villard in 1900. X-rays have wave-lengths of the order of molec- 

ular dimensions or less. Laue, in 1912, conceived the idea that the natural strata 

of a crystal might serve as a diffraction grating for such short wave-lengths, 

since the distance between the rulings would be that separating the rows of atoms 

8 Directions for making these plates are given by Hopfield, J. J., and Appleyard, E. .T. &%., 

J. Opt. Soc. Am., 22, 488 (1932). 

9 Schneider, E. G., J. Opt. Soc. Am., 27, 72 (1937). 

10 Bloch, L. and E., J. Phys. Radium, 6, 154 (1925). 

- MLyman, T., J. Frank. Inst., 201, 556 (1926); Astrophys. J., 60, 1 (1924); Wood, R. W., and 

Lyman, T., Phil. Mag., 2, 310 (1926). 

12 Edlén, B., Nature, 127, 405 (1931). 
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in the crystal. On sending a bundle of x-rays through a suitable crystal the 
expected phenomenon of diffraction appeared. A short time later, Bragg attacked 
the problem by studying the reflection from a crystal face and succeeded in measur- 
ing x-ray wave-lengths. 

The characteristic x-rays of the elements range from 22A for the K-absorption 
edge of uranium to 0.107A. The longest x-rays measured by the Bragg crystal 
diffraction method are 21.53A, for one of the lines.of chromium. Compton 14 
and also Thibaut 1° have shown that ruled gratings of the kind used for measut- 
ing the wave-lengths of ordinary light can be employed to demonstrate the diffrac- 
tion of x-rays striking the grating at very small grazing incidence. This method 
has been much employed in studying the region between the x-rays and the shortest 

ultraviolet rays. 
Recent absorption measurements in the Schumann region show that many 

common compounds absorb these ultraviolet rays and suffer decomposition thereby. 
The photochemistry of this region seems destined to provide many important . 
observations. 

The physicist has made considerable progress in exploring the region of wave- 
lengths somewhat longer than the usual x-rays by estimating the wave-lengths by 
the indirect method of resonance potentials. ‘The usual method of x-ray generation 
is by the bombardment of a metal target with high-speed cathode rays. A modifi- 

cation permits the generation of radiations within the longer wave-length range. 
The substance which is to emit the rays is bombarded by a stream of thermion- 
ically-produced electrons moving at lower velocities produced by accelerating them 
by definite alterable electrical potential differences. The energy which the bom- 
barding electrons can give to the atoms bombarded is thus known and may be 
expressed as the product of the charge of the electron and the potential gradient 
in volts per centimeter. The energy is in this way stated in units called electron- 
volts. Since the charge on the electron is’ constant, the energy is sometimes 
expressed less accurately as volts, for brevity. As the acceleration of the electrons 
is gradually increased by raising the potential difference between a plate and a 
charged grid through which the electrons pass, the energy possessed by the 
electrons becomes great enough to enable them, on striking atoms in the gaseous 
space through which they pass, to excite the atoms to emit radiation. Certain 

critical energies (in electron-volts) are necessary for this to occur. The critical 
voltages are obtained in such experiments by finding certain discontinuities in the 
current carried by the electron stream as the charge on the grid is progressively 
changed. At 4.9 volts, in the case of mercury vapor as the emitting atom, a single 
line with a wave-length of 2537A appears. This is called the mercury resonance 
line. At 6.7 volts, one with a wave-length of 1844A flashes out. The frequencies 
corresponding to the emitted wave-lengths are calculated by dividing the energy 
by a fundamental constant of nature, the quantum of action or Planck’s constant, 
the nature of which will be discussed in the next chapter. 

The method has been extended to the region of wave-lengths only slightly 
longer than x-rays. The emission of radiations in such experiments is made 
evident by a sudden increase of gaseous ionization or of photoelectric effect as the 
accelerating voltages are gradually raised beyond the critical values. Holweck 1° 

18 Thoraeus, R., Phil. Mag., 1, 312 (1926). 

14 Compton, A. H., Proc. Nat. Acad. Sci., 11, 598 (1925). . sti gh ene 

18 Thibaut, J., Compt. rend., 182, 55, 1141 (1926); 185, 62 (1927); J. Phys. Radium, 8, ys 
Ashiee a Re (1928) : Physik. Z., 29, 241 (1928); J.’ Opt. Soc. Am., 17, 145 (1928); De Broglie, 
Compt. rend., 190, 93 (1930). 

16 Holweck, F., Compt. rend., 173, 709 (1921); J. Chim. Phys., 22, 311 (1925). 
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has shown that a continuous radiation is produced when accelerating voltages 
between 25 volts (500A) and 280 volts (44A) are employed. He used an appa- 
ratus consisting of a sort of Coolidge x-ray tube made entirely of metal in which 
the cathode and anode are separated by a distance of one millimeter. The tube is 
operated at potentials of 25 to 1800 volts. As the rays emerge from the tube 
through celluloid films of a thickness of 0.00005 mm., they enter an ionization 
chamber. Superposed on the continuous spectrum there is a line spectrum charac- 
teristic of the element used as a target. 

_ These radiations lack penetrating power; this is the reason why it is necessary 
to use the thin celluloid window. They are said to be soft x-rays. The term 
hardness connotes penetrating power. Soft x-rays (but not as soft as those of 
Holweck) have been used by Giinther 17 in the examination of thin layers of 
biological products such as leaves or the wings of insects. These rays, which 
because of their greater ease of absorption, are better suited than hard x-rays for 
the treatment of skin diseases, are produced in tubes operated at voltages low 
(4 to 12 kilovolts) compared with those used for more penetrating x-rays. Egress 
is through a window of a special glass in which sodium, calcium and silicon have 
been replaced by lithium, beryllium and boron. 

As the wave-lengths increase from the x-ray to the ultraviolet region, the 
absorption of the radiations by many substances increases to a maximum beyond 
which there is a diminution in absorption as the better-known regions of the 
ultraviolet are reached. Holweck found that 0.00027 mm. of celluloid, which has 
a relatively low absorption in comparison with other substances in this region, 
transmits only 3 per cent of the radiation of wave-length 310A at which it has its 
maximum absorption. 

The gamma-rays produced by radioactive decay, as measured by Ellis, have 
wave-lengths between 0.26 and 0.005A. Very penetrating radiations known as 
cosmic rays, discovered by Wulf and by Gockel between 1909 and 191418 have 

recently been the subject of particularly extensive investigation by Kolhdorster, 
Regener, Millikan, Compton, and many others. Although some workers consider 
them as electromagnetic waves of extremely high frequency, most believe them to 
be some type of high velocity movement of minute corpuscles. They are certainly 
non-homogeneous; the highest frequency band has so enormous a penetrating 
power that it passes through 200 feet of water or 18 feet of lead before being 
completely absorbed, although two or three inches of lead absorb the hardest 
gamma-rays. | | 

THE ELECTROMAGNETIC SPECTRUM AS A WHOLE 

‘The radiations from wireless telegraph waves to gamma-rays which make up 
the electromagnetic spectrum are summarized graphically in Figure 1. The range 
of wave-lengths is so great that a logarithmic scale is required. A doubling of 
the wave-length is called an octave, a familiar term in music. The diagram of 
the electromagnetic radiations covers about sixty octaves, and of these, only one 
represents the radiations which are visible. In certain regions, as between the 

_ Hertzian and the infrared regions, an overlapping of the radiation known by 
various names, is indicated. This means merely that radiations of wave-lengths 
included in the region of overlapping have been produced by the methods which 
are usually employed for the production of wave-lengths on both sides of this 

Gunther, P., Z.. Angew. Chem., 44, 404 (1931). 
18 Compton, A. H., Nature, 135, 695 (1935). The existence of a shortest possible wave-length of 

6.2X10-°A has been assumed by A. March, Z. Physik, 108, 128 (1937). 
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region. A consideration of the mechanisms by which radiations are produced 
indicates that the nature of the oscillator bearing the charge, whether it be a 
coil of wire, a molecule moving as a whole, valence electrons in a molecule or 
atom, or nuclear electrons, usually determines, although in a very indirect manner, 

the wave-length of the radiations produced. 
It is the wave-length which serves to characterize the nature of a radiation 

and to indicate its penetrability, chemical and optical properties and utility. The 
amplitude of the wave (or more accurately, the square of the amplitude) serves 

to visualize the intensity of the radiation. 
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Figure 1. Electromagnetic Spectrum. 

The impression has been given in the preceding discussion that the wave 
theory offers an adequate expression of the behavior of radiant energy. It must 
now be pointed out that there are a considerable number of effects, particularly 

those concerned with the mechanism of the emission and absorption of radiant 
energy, for which the wave theory has no ready explanation. These effects are 
better comprehended on the basis of the quantum theory, according to which quanta 
or “bundles of energy” are emitted from the source, as explained in the following 
chapter. The quantum theory may be adequately applied over a considerable 
field, notably to photoelectric phenomena, Bohr’s theory of the atom, and the 
relationship between the frequencies of lines in emission spectra. Indeed, it has 
served in the last few years as a great correlating principle for a wide variety of 
physical properties as diverse as the specific heats of elements and the absorption 

of radiations. | 
Great changes in physical theory have arisen from the recent work of 

De Broglie, Schrédinger and of Heisenberg. Their theories have led to the 
creation of a new system of mechanics in which the motion of a material particle 
is always associated with a wave motion, the wave-length of which is determined 
by dividing Planck’s universal constant by the momentum of the moving particle. 
Conversely, in the words of Planck, radiant energy traveling with the speed of 
light appears on interacting with matter, to “shrink together and concentrate itself 
at separate points which move like corpuscles, and for that reason are called light- 
quanta.” 19 Each such quantum of radiation is now called a photon. 

It appears from the newly established points of view that there can be neither — 
pure corpuscular motion nor pure wave motion in physics. Rather, every cor- 
puscular motion is attended by some measure of wave motion and every wave 
motion involves something of corpuscular motion. The distinction between the 

19 Planck, M., J. Frank. Inst., May 18, July 15, 1927. 
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two is only gradual and quantitative. The acceptance of such an unlooked-for 

conception has followed from the experiments of Davisson and Germer 20 which, 

by revealing the diffraction of electrons, demonstrated the motion of even these 

minute particles to be such as to imply a wave-nature for them. 

On the other hand, the elementary quantum plays no part in the equations otf 

Maxwell for radiant energy, which have not been invalidated in even the finest 

‘nterference measurements. At present, therefore, physicists and photochemists 

employ both the wave and the quantum aspects of radiant energy in interpret- 

ing their data. Wave-lengths or frequencies are used to designate the quality 

of a radiation, but in discussing its photochemical effects quantum concepts are 

necessary., 

20 Davisson, C., and Germer, L. oe Phys. Rev., 30, 705 (1927); Thomson, G. P., Proc. Roy. Soc., 

A117, 600 (1928). 
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Chapter 2 

Mechanism of the Emission of Radiant Energy 

The occurrence of a photochemical reaction in the ultraviolet region presupposes 
the absorption of ultraviolet radiation. An understanding of the mechanism of the 
reaction involves a knowledge of the processes by which the radiant energy is 
absorbed by one or more of the reacting substances. Since the time of Kirchhoff 
it has been realized that absorption of radiant energy is the converse of the process 
by which it is emitted. Reference to this has been made in the preceding chapter 
in the discussion of the well-known Fraunhofer dark lines in the spectrum of the 
sun. Since our present views regarding the interaction of radiant energy and 
matter were derived chiefly from studies of the manner in which matter emits 
radiations, it seems logical to describe the emission mechanism of the ultraviolet 
sources in common use before proceeding to a consideration of the absorption of 
radiations by substances concerned in chemical reactions. | 

Illuminating sources consist of some form of matter heated to incandescence, 
such as the carbon particles in an oil lamp or the luminous flame of a gas burner, 
glowing calcium oxide in the old limelight, rare-earth oxides in the Welsbach 
gas mantle, or electrically heated wires glowing in an atmosphere of inert gas. 
When, as in the first of these, the temperature is relatively low, the color of the 

rays emitted is a mixture of red and yellow. Sources at higher temperatures emit 
increasing quantities of blue rays so that the color of the light appears more 
nearly white. At still higher temperatures increasing amounts of the shorter 
ultraviolet rays appear. 

In 1869, Stefan showed that the total amount of energy emitted by a black body 
increases as the fourth power of its temperature. Although the term “black body” 
refers to an idealized concept like that of a perfect gas, Stefan’s law applies as an 
approximation to many substances. In experimental work, it may be approximated 
by a hollow sphere raised to a suitable temperature. The radiation emerging from 
a small hole is dispersed by a prism or grating and the intensities, of the radiations 
in the various spectral regions are measured by a thermopile and galvanometer. © 
Data of this sort are shown by the curves of Figure 2 in which the abscissae repre- . 
sent wave-lengths and the ordinates intensities in arbitrary units. Curves for 
three temperatures are included. They rise with increasing temperature in accord- 
ance with the Stefan-Boltzmann law; the areas beneath the curves vary as the 
fourth power of the temperature. 

It may also be noted that as the temperature is increased, the wave-length 
of the maximum intensity shifts from the infrared region to the visible range. 
The red just begins to show at a temperature of approximately 1500°Abs. and 
the maximum lies at approximately 20000A. At’the temperature of the tungsten 
lamp (2000°Abs.), the maximum is at 15000A. At solar temperatures (approxi- 
mately 6000°Abs.), it is in the green region, a considerable proportion. of ultra- 
violet rays also being emitted. Wien’s displacement law states that with rising 
temperature the emission shifts to higher frequencies. 

15 
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After the establishment of these two laws of radiation, physicists sought a 

theoretical explanation of the manner in which an increase in the temperature of a 

substance might cause it to emit electromagnetic waves. Since such waves 1n the 

Hertzian region are known to be produced by the oscillation of an electrical charge, 

it appeared necessary to conceive of some type of charged oscillator either borne 

FIGURE 2. 

Influence of Temperature on 

Blackbody Radiation (Eldridge, 

“Physical Basis of Things,” 

New York, McGraw-Hill Book 
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by or located within the atoms of the solid which emits radiations. Mathematical 
physicists, notably Lord Rayleigh, Maxwell, and Jeans, attempted to develop a 
theory for the distribution of energy emitted by various hypothetical oscillators, 
with frequencies dependent upon the temperature. However, these attempts all 
led to the conclusion that when radiant energy is in equilibrium with matter, the 
total amount of radiant energy per unit volume should be infinite and that most 
of it should lie in the short-wave region’ of the spectrum. Actually, the laws of 
Stefan and Wien show that but a finite amount of radiant energy can be in equilib- 
rium with matter at a given temperature, and that only at high temperatures 

does much of it lie within the ultraviolet. 
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This impasse was overcome by Planck,} who in 1900, advanced a theory of 

radiation in which the motion of hypothetical oscillators could be made to account 
for the radiation of energy in the amounts and wave-length distribution required 
by the laws of Stefan and Wien. Its acceptance was delayed because, in his 
derivation, Planck had been obliged to make certain assumptions at variance with 
the dynamics based upon Newton’s laws of motion. The assumption was made 
that the energy of a vibrator in the heated body is increased only by jumps as the 
temperature is increased. ‘These discontinuous increments of energy were called 
quanta and led to the name of quantum theory for the new viewpoint. 

The investigations of Einstein 7? on the photoelectric effect did much to secure 

acceptance for the quantum theory, since they demonstrated the existence of dis- 
continuities in the interaction of matter and radiant energy. Additional justifica- 
tion for the adoption of the radical concept of a discontinuity in the energies 
associated with matter in motion came in 1912 from a field of physics at first 
sight far from that of radiation when Debye® successfully applied the quantum 
theory to the study of the specific heat of solids. Perhaps the greatest factor which 
contributed to the present general acceptance of the quantum theory was the 
success of the work of Bohr on the interpretation of spectra, which was founded 
upon that theory. 

It is the purpose of this chapter to acquaint the chemist who may be untrained 
in modern physics with that minimum of the newer viewpoint necessary for an 
understanding of the characteristics of the useful sources of ultraviolet radiations. 

To that end, it is necessary first to inquire into the meaning of Planck’s assump- 
tion.. His idea implies that a physical system can exist in only certain discrete 
energy states. On the acquisition of energy, a system jumps from one to another 
of these states without passing through a continuous series of intermediate ones. 
A rotating dumbbell possessing a definite angular momentum can acquire energy 
and assume a new state of more rapid rotation with greater angular momentum. 
It is usual to think of it doing so by speeding up through all intermediate speeds - 
of rotation. The quantum theory, however, makes the radical assumption that this 
is not the case and that, in speeding up, the change in rotational energy is dis- 
continuous. Only certain rotational energies can be possessed by the dumbbell, 
and when speeding up, it can jump only from one to another of these. At first 
sight this seems contrary to everyday observation. This is not, however, neces- 
sarily the case because the energies possessed by a large object in the permissible 
states differ so little that the speeding-up process appears to be continuous. Matters 
are quite different in the case of minute systems such as those of atoms or electrons 
where the discontinuity of the process dominates the picture. Poincaré has shown 
mathematically that the fact that the total radiation from a black body at a finite 
temperature is finite requires that the ultimate motion involved in the mechanism 
of radiation be in some way discontinuous. 

Since the work of Planck, different, and in some respects more satisfactory, 
derivations of the quantum laws of radiations have been given by Jeans,* by 
Darwin and Fowler,® and by Einstein. The last of these, which has led to one 
of the fundamental laws of photochemistry, requires that the molecules emitting 

1 Planck, M., Ann. Phystk., 4, 553 (1901). 

2 Einstein, A., dann. Physik., 20, 199 (1906). 

3% Debye, P., Ann. Physik., 39, 789 (1912). 

4 Jeans, Sir J., Phil. Mag., 20, 953 (1919). 

5 Darwin, C. G., and Fowler, R. H., Phil. Mag., 44, 450 (1922). 

6 Finstein, A., Physik. Z., 18, 121 (1917). 
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radiations can exist only in certain definite energy states, and that when a mole- 

cule jumps from one state to another the accompanying loss or gain of energy is 

always one or more complete quanta of radiation, fractions of a photon not being 

emitted or absorbed. / 

It is as meaningless to speak of the amount of energy in a quantum without 

specifying its frequency as it would be for a chemist to speak of the weight of an 

atom without stating to which element he referred. The magnitude of a quantum 

of radiation depends upon the wave-length (frequency) of the radiation. The 

relation between the masses of the atoms of different elements is a complex one, | 

but that between the magnitudes of the quanta of radiations of various frequencies 

is the very simple one of direct proportionality. The frequency of the radiation 

multiplied by a constant gives the energy per quantum of that radiation. In most 

physical literature the frequency is denoted by the Greek letter v and the constant 

by h. Therefore, the energy « of a photon of radiation of a given frequency v is 

given by 
di: e= hp 

This means that the constant 4 can be expressed by h =e x a that is, energy 
v 

multiplied by the reciprocal of a frequency, which is the period or time of a 

vibration. The unit-in terms of which h is measured is then one of energy multi- 

plied by time, or erg seconds. The value of has been determined by many 

methods to be 6.55 X 10-27 erg sec. The erg second is called by physicists a unit 

of action, this term being used to denote the product of energy and time. 

When the quantum constant / is multiplied by the very large number which 

expresses the frequency of green light, the resulting energy is found to be still 

a small number, 3.93 x 10-12 erg. This is nevertheless of such an order of magni- 

tude that its effects in producing discontinuities in radiation are discernible by 

physical methods. The quantum of energy associated with a line at 5890A would 

be 1.6 X 10-16 erg greater than that associated with one at 5891A. 

CoNTINUOUS AND LINE SPECTRA 

The spectrum produced when‘the radiation emitted by a glowing solid is passed 

through a prism blackens a photographic plate continuously and rather uniformly. 

An additional effect is produced when gases or vapors at high temperatures emit 

light. In 1829, Sir John Herschel examined the spectra of the colored light pro- 

duced by heating certain salts in an alcohol flame and found the emitted energy 

to appear concentrated in lines corresponding to relatively few wave-lengths. Such 

spectra are called line spectra, or discontinuous spectra. The wave-lengths at 

which such lines occur characterize the elements the vapors of which produce them 

when heated.. Bunsen and Kirchhoff employed these bright-line spectra in the 

detection of those elements which emit lines under these conditions. In the pre- 

ceding chapter, it was noted that the Fraunhofer black lines which cross the 

spectrum of sunlight are due to the absorption of certain lines by elements present 

in gaseous form in a layer surrounding the sun. The positions of these black 

lines on the wave-length scale correspond to the positions of the bright lines 

emitted by the same elements when heated and viewed directly. The identification 

of the Fraunhofer lines with those emitted by elements in the laboratory provided 

the means by which it became possible to determine which elements are present 

in the reversing or absorbing layer of gas surrounding the sun. 

The bright line emission spectra of the elements consist, when viewed through 
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a spectrograph, of a series of lines separated by régions of comparative darkness. 
They are produced as the result of processes occurring in widely separated atoms 
or molecules of substances in the vapor or gaseous state. The same processes 
occur also in the atoms or molecules comprising incandescent solids, but in this 
case any natural frequencies of rotation or vibration associated with these atoms 
or molecules are masked by effects produced by the continuous bombardment of 
neighboring atoms or molecules. The. result is that the spectrum is continuous 
and yields no information in regard to the nature of the atoms or molecules present 
in the incandescent solid. As indicated in Figure 2, the predominating frequency 
is, instead, a function of the temperature. Some exceptions to this statement may 
be noted. The rare earths used in the Welsbach gas mantle, when heated to 
incandescence, emit line spectra. Nichols? described ten or more crests on the 
brightness curve of glowing neodymium oxide, which, however, bear no relation 
to the true line emission or absorption spectra of this compound. The theory of 
the origin of this type of spectrum has recently been discussed by Van Vleck.® 
Grain size influences the nature of the temperature radiation from other metallic 
oxides.9 ; 

Just as certain incandescent solids give indications of line spectra superposed 
on their continuous radiation, so conversely gases or vapors produce beneath their 
characteristic line spectra a more or less faint continuous background. Its origin 
has been attributed to the effects of free electrons of varying kinetic energies join- 
ing with ions to produce atoms or, in the case of molecules, to recombination of 

free atoms possessing varying kinetic energies. (See Chapter 9.) 
There are two kinds of line spectra, those emitted by atoms and those emitted 

by diatomic or polyatomic molecules. The latter spectra, 1.e., molecular spectra, 
were called band spectra by the earlier spectroscopists whose apparatus of low 
resolving power revealed them only as a number of bands of light and darkness 
often overlapping to produce a channeled or fluted appearance. With more modern 
equipment they have been resolved into groups of lines. Molecular spectra will be 
reserved for discussion in Chapter 13; the remainder of the present chapter will 
be devoted to a consideration of the order underlying the positions of the lines in 
atomic spectra, and the theories of the mechanism of emission of radiation which 

have been devised to account for it. 
The photochemist needs to. know something of the theory of line spectra for 

two reasons. In the first place, his sources of radiation are predominantly means 
for treating gases or vapors of elements so that they emit line spectra. (In most 
sources the line spectra are somewhat complicated by the incidental production of 
some molecular spectra.) The lines which carry the radiant energy are at first 
sight spaced quite at random, and the intensities of different lines vary greatly in 
an apparently irregular manner. If it is desired to carry out a reaction by energy 
of wave-lengths between 2500 and 2600A, it is necessary to know which sources 
emit line spectra having strong lines located within this region. If, on the other 

hand, one wishes to test the action of the region of 2800-2900A, a source must 
be chosen having strong lines in that region, and only faint ones, if any, in the 
2500-2600A region. . 

In the second place, the photochemist must understand the process by which 
molecules absorb energy. Since this is the converse of the process by which they 
emit molecular spectra and is quite complicated, it may best be approached after 

7 Nichols, E. L., Proc. Nat. Acad. Sci., 11, 47 (1925); Chem. Abs., 19, 1376 (1925). 

8 Van Vleck, J. H., J. Phys. Chem., 41, 67 (1937). 

9 Liebmann, G., Z. Physik, 63, 404 (1930); Skaupy, F., Physik. Z., 28, 842 (1927). 
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the principles regarding the emission of atomic spectra are understood. Further- 
more, the theory of atomic spectra itself represents one of the most important 
contributions which the students of the physics of ultraviolet radiations have made 
to chemistry, for it was the work of the spectroscopist which laid the foundation 
upon which have been erected the present theories of atomic structure. 

CLASSIFICATION OF THE LINES IN ATOMIC SPECTRA INTO SERIES 

The spectrum of hydrogen, as obtained in a Geissler tube, consists of compara- 
tively few lines. One is red, one blue, two are violet and many lie in the ultra- 

violet region. (Figure 3.) They are spaced far apart in the visible and approach 
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Ficure 3. Balmer Series. (Eldridge, “Physical Basis of Things,’ New 

York, McGraw-Hill Book Co.). 

each other more closely as the region of higher frequencies is approached. ‘They 

occur at 6563, 4861, 4340, 4102, 3970, 3889, and 3825A. About 31 of these lines. 

are recognized, piling up more closely to each other to reach a limit at 3646A. 

These lines are called the Balmer series after the scientist who showed in 1885 

that the frequencies of the first nine lines could be expressed by a simple mathe- 

matical equation implying an underlying regularity. | / 

Rydberg employed a more general expression which in a modified form applies 

to many elements. In the simplified form applicable only to hydrogen, it is. 

where 1, and my are integers, m) being the larger, y is the frequency of one line 

in the hydrogen spectrum, and R is a constant. By letting R be 109,737, ny be 2 

and m». be successively 3, 4, 5, et¢., the successive values of » given by this expres- 

sion correspond to the observed frequencies of the spectral lines of Balmer, 

expressed in wave-numbers. It is to be noted that the wave-number (or frequency 

divided by 3x10!) is given by this expression as the difference between two 

terms. If the second term is nearly as large as the first, as when mm» is only one 

unit greater than n,, the difference between the two terms or the frequency of the 

line, is small, and the line lies in the red region. Since my is in the denominator, an 

increase in its value will lower the value of the second term, making its difference 

from the first term greater and thereby increasing the frequency of the correspond- 

ing line. Successive increments of m2 increase the frequencies of the corresponding 

lines by progressively smaller amounts. When ny becomes infinitely great, the 

second term disappears and the expression reduces to the frequency of the first 

term. This is, therefore, the limit of the series. 

If, now, the calculation is repeated, this time starting with 3 for m, and 4, 576, 

etc. for m., a new series of frequencies approaching a different limit will be 

obtained. The frequencies are such that these lines fall in the infrared region. This 

series of lines was discovered by Paschen in 1896. By starting with 4 for m, still 

another series of lines can be obtained; its limit lies still farther out in the infrared. 

Lines of this series were discovered by Brackett in 1922. When m, is made equal 
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‘to one, the equation yields a series of lines in the ultraviolet. Most lie far out in the 

difacultly accessible region; they were discovered by Lyman. ; 

THEORY OF THE MECHANISM OF THE EMISSION OF LINE SPECTRA 

The Hydrogen Spectrum. The fact that the frequency of a spectral line is 

related to the difference between two terms was long a source of difficulty to the 

theorists who conceived of the spectral frequencies as in some manner related to 

natural frequencies of intra-atomic vibrations. The spectra of more than twenty 
elements had been resolved, at least in part, into series when Bohr in 1913 success- 
fully employed the quantum theory of Planck in accounting for the origin of the 

lines in series spectra of the elements. He applied the new and almost unaccepted 
idea of the discontinuity of “action” to the dynamics of the structure of the atom. 
as pictured by Lord Rutherford. In Rutherford’s theory an atom is composed 

of a central positively charged nucleus around which there revolve in closed orbits 
as many electrons as are required to balance the positive charge of the nucleus. 
The positive charge of the nucleus as well as the number of electrons is equal 
to the atomic number of the element. The hydrogen atom consists of one electron 

revolving around a nucleus of equal and opposite charge. In helium, there are 
two revolving electrons, in lithium three, in carbon six, and so on to uranium 
with 92 electrons. 

Although the orbits of the electrons are conceived as elliptical, it is perhaps 
simpler to regard them as circular in an introductory consideration of the theory 

as it applies to hydrogen. ‘The electrostatic force of attraction between the electron 
and the oppositely charged nucleus balances the centrifugal force of rotation of 
the electron and so holds it in its orbit. . A difficulty arises when the radiation of 

energy by such a system is considered. Motion in a circle is accelerated motion. 
It is fundamental in electrodynamics that an accelerated charge radiates energy 
and the electron would be expected to spiral in gradually toward the Fie len, 
Actually, however, the spectroscopist knows that an atom emits no measurable 
radiation unless energy is supplied to it in some manner as by mechanical impact 
by heat or by an electrical discharge. 

The discrepancy between the experimental results and those expected on the 
basis of electrodynamics was as serious as that encountered in the study of black 
body radiation, which Planck had met by making the radical assumptions of the 
quantum theory. Bohr met the difficulty in the same manner by adopting the 

_ theory of Planck. He assumed it possible for the electron of the hydrogen atom 
to revolve, without radiating energy, in certain discrete orbits in which its angular 

momentum mvr (m is the mass of the electron, v its angular velocity, and r the 

radius of the orbit) is an integral multiple of h/2z, that is, nh [2m By using 
known values of the mass and charge of the electron, it was possible to calculate 
from this quantum condition and an equation relating the centrifugal force and 
the electrostatic force between the electron and the nucleus, the radii of the orbits 

in which the electron could move without radiating energy. These were found to 
have radii of 0.5, 2.0, 4.5 and 8A, when m, called the quantum number, had the 
successive values 1, 2, 3 and 4. The radii of the permitted orbits increase as the 
squares of the quantum numbers. Each such orbit represents a state in which the 
hydrogen atom possesses a calculable amount of energy. Thus the atom may exist 
in definite energy states, or may be said to possess definite energy levels. 

Bohr assumed that energy is radiated only during the time in which the electron 
falls from an orbit in which the atom has greater energy to one in which it has 
lesser energy; that is from an outer to an inner orbit. The energy emitted is the 
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difference between the energies possessed by the atom in the initial and final 
states.: The transition may be either between adjacent or more widely separated 
permissible orbits or energy states. In terms of the quantum thory, the energy 
radiated is expressed by hv. Therefore, the difference between the energies in the 
initial and final states when divided by h yields the frequency of the line emitted. 

It appears, therefore, that in the Bohr theory the frequency of the emitted line 
is not directly related to that of any vibration in the atom before or after emission, 
but to a difference between the energies possessed by the atom before and after 
emission. Emission from an atom persists for but a very brief period. ‘The per- 
sistence of the lines seen to be emitted from a discharge tube is due to the suc- 
cessive emissions of the line by different ones of the great number of atoms in the 
tube. Of these, some at a given moment are in the resting state, others are being 
excited by the electrical discharge as a preliminary to emission, others are in the — 
excited state in which the atom holds the energy acquired during excitation, and 
still others are emitting the observed line. Bohr’s theory affords an explanation 
of the fact that in the Rydberg formula the wave-number of the emitted line is 
represented as the difference between two terms. 

In terms of this theory, the various sources of ultraviolet light are devices for 
introducing energy into atoms (or sometimes molecules) in order to raise them to 
higher energy levels. This process is called excitation. In the Bohr picture, this 
consists of shifting an electron from an inner orbit, in which its potential energy 
has the greatest negative value, to an orbit of greater radius. The excited atoms 
have but a very transient existence, usually of the order of 10-§ second, after which 
the electron drops to an orbit of lower energy, which may or may not be the 
innermost orbit. It is during this process that a spectral line is emitted. 

A transition of an electron from the second to the first energy level is accom- 
panied by the emission of the first line of the Lyman series of hydrogen lines in 
the ultraviolet. An atom in which the electron transition is from the third to the 
first energy level emits the second line, one from the fourth to the first level emits 
the third line, and so on. The differences in energy in the successive energy 
levels lessen as m becomes large. ‘Therefore, the differences between these higher 
levels and the resting level differ less and less as becomes large and the successive 
lines of higher frequency occur closer together as the limit for infinite m is 
approached. ae 

It is by no means always the case that the electrons fall back from higher 
levels to the resting level or innermost orbit. When they fall back only to the 
second level, the lines of the Balmer series are produced. Transitions to the third 
level gives the lines of the Paschen series. These statements follow directly from 
the Rydberg formula, the number used for n, giving the orbit to which the elec- 

trons drop during emission. 
It may not be apparent why thirty or more lines of the Balmer series are seen. 

simultaneously in the emission from a discharge tube. In any source there is 
present a tremendous number of atoms, some moving with high and some with 
low velocities, and others at rest. When such a mass of atoms is excited by the 
passage of an electrical discharge, there are differences in the states of excitation 
attained by different atoms. Some are excited to the second, and others to various 
other energy levels, even very high ones. Each atom then emits in a manner 
depending upon its. state of excitation. When the radiation from the whole 
collection of emitting atoms is viewed through a prism, the lines resulting from — 
each of the many types of transition in progress in different atoms are seen simul- 
taneously. The relative intensities of the lines are related to the probabilities 
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with which the excited states giving rise to the lines are produced under the 
experimental conditions of excitation. 

Elements Other Than Hydrogen. In the case of other elements, the line 

spectra are much more complex. In the iron spectrum, there are thousands of 
fnely. spaced lines. King? has recorded more than 3000 lines in the cerium 
spectrum, 1600 of which lie between 3000 and 4700A. 

In the case of the spectra of the alkalies, it was found possible to classify the 

lines, at first by their distinctive appearances, into four series. Three of these 
were named by Rydberg the principal, sharp and diffuse series. A fourth series, 

discovered by Bergman in the infrared region, was called by Hicks the funda- 
mental series, for reasons no longer pertinent. The descriptive significance’ of 
these names is not maintained in the case of more complex elements but because 
of their historical significance they have been generally retained and their abbrevia- 

mons, P, S, D and F, are in common use in the designation of spectral terms. 
The Rydberg formula for the frequencies of the lines of a series for the alkalies 

differs from the simplified form applicable to hydrogen in having two additional 
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These constants have fractional values characteristic of the elements. These differ 
also for lines of the sharp, principal, diffuse and fundamental series of a given 
element. In the case of sodium, when p, is 0.626 and py is 0.13, the expression, 
using 1, = 1, gives the lines of the principal series. If n, is taken as 2 and the p, 
and po values are reversed, the lines of the sharp series are given. By replacing 
ws by a new constant, ws = 0.99, in the second term, the lines of the diffuse series 

are obtained. By making p, = 3, using pe in the first term and still another con- 
stant ws, = 0.999 in the second term, the infrared lines of the Bergman or funda- 
mental series are found. These four constants, known also as “defects,” are only 

approximations, and the lines are never given as exactly as is the case with the 
simplified expression for hydrogen in which “defects” may be neglected in all but 
the most accurate work. 

constants, wy and po: 

_ The existence of these “defects” and the resulting occurrence of lines of sharp, 
diffuse, principal and other series, implies that the energy states of the alkali 
atoms cannot be sufficiently characterized by the single quantum number n. A 
second number: L is required to distinguish the energy levels which exist. In the 
earlier. development of the theory it was assumed that this was due to the fact that 
the orbits were elliptical rather than circular. Electrons moving in such orbits 
would have, in addition to a rotary motion about the focus at which the nucleus is 
situated, a radial motion toward and from the nucleus. For each of these forms 
of periodic motion quantized energy states were postulated. This increased the 
number of energy levels, since for each » value there may be several L values. 
In general, the energy differences between L states with the same mu value 
are less than those between the states with successive n values. It has been 
found that L, called the orbital quantum number, may have the value zero, or 

any integer up to one less than the value of u.* An energy level or term for 

10 King, A. S., Phys. Rev., 29, 366 (1927). 
* It is unnecessary to discuss in detail the history of the development of the theory of these quantum 

numbers or of others since introduced. They were first arrived at by an extension of the Bohr’ theory 
by Bee cer told, but have subsequently been found to emerge naturally from the theories of quantum 

echanics. 
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which L is zero is an S term, one for which it is 1 a P term, one for which it is 

2 aD term, and one for which it is 3 an F term. ! 

As in the case of the Bohr theory of the hydrogen atom, the spectral lines result 

from transitions from higher to lower energy levels. Not all of the theoretically 

possible transitions between terms are found to occur under the usual experi- 

mental conditions, or, as the spectroscopist would express it, not all terms combine 

to give lines. It has been found possible to predict which transitions may occur 

by the aid of certain selection rules. These were originally obtained empirically, 

but have since been found to have a theoretical basis. One selection rule states 

that, in absorption or emission, L must increase or decrease by one. In other 

words, transitions may occur only between states whose L values differ by but one 

unit. S states can undergo transitions only to or from P states, but P states may 

combine with either S or D states, D states with P or F states, and so on. Other 

transitions are said to be forbidden. Selection rules are not, however, absolutely 

binding, since under certain conditions, lines corresponding to transitions other 

than those given by the rules may appear with low intensities. Thus, the term 

forbidden is a misnomer, since forbidden lines are really lines corresponding to 

transitions of only low probability. The quantum mechanics affords methods for 

calculating the probability of transitions. 

There is no selection rule limiting the number of integers by which the principal 

quantum number m may change in a transition. 

Spectroscopists denote a spectral line by writing the terms separated by a dash. 

In writing the terms the abbreviations S, P, D, etc. are used to indicate the L value 

of each; these are preceded by numerals for the m value of each. Thus a line of 

the principal series may be written 1S-2P, or in general, 15-nP, successive values 

of m giving the successive lines of the series. Lines of the sharp series are 

given by 2P-nS, those of the diffuse series by 2P-nD, of the Bergman series by 

3D-nF. The symbol of the last term refers to the series of which the lines are 

members. The first term gives the limit of the series. The sharp and diffuse 

series of lines of the alkalies approach the same limit, depending upon whether 

L increases or decreases by one in falling from a state of greater to one of lesser 

energy. ‘ 

Further complications arise when the processes of emission or absorption 

occur in a magnetic field. Under these conditions, a given line may be split into 

several lines (Zeeman effect). Even without the application of a magnetic field, 

certain lines of the alkalies, e.g., the D line of soditim, may be observed to be 

resolved by a spectroscope into two closely adjacent lines, called a doublet. In 

the case of elements of other groups of the periodic system there may he triplets, 

quadruplets and even higher degrees of multiplicity, thus greatly complicating the 

spectra. In some cases, the corresponding lines of multiplets may not lie close 

together but may be hundreds of Angstrom units apart and be separated by great 

numbers of intervening lines. 

These effects may be accounted for by considering that the terms are split into 

others of but slightly different energy levels. Thus, to characterize the greater 

number of terms implied, a third quantum number, J, called the inner quantum 

number, is employed. In writing the terms, the value of J is placed as a subscript 

to the right, as in 1S1,/2, 2P3/2, etc. The multiplicities of the terms are indicated 

by upper left indices, as in ?Dy.1t A selection rule states that J may either increase 

11 For a discussion of this notation, see Russell, H. N., Shenstone, A. G., and Turner, L: A; 

Phys. Rev., 33, 900 (1929). 
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or decrease by one, or need not change in a transition, except that in cases in 

which it is initially zero, it must change. 
The multiplicities exhibited by an element depend upon its position in the 

periodic table and must, therefore, be related to the electronic configuration of the 

atom. The terms of atoms with an even number of electrons have odd multi- 

licities. Those of atoms with an odd number of electrons have even multi- 

licities. Elements of the alkalies have doublets, those of the alkaline earths 

‘singlets and triplets, those of the next group doublets and quartets, and those of 

the next group singlets, triplets, quintets, etc. 

Many attempts have been made to arrive at a physical interpretation of these 

features of the spectral terms by extending the Bohr theory to atoms having 

more than one electron. These take into account the interactions between the 

electrons, and involve complexities of interest chiefly to the specialist in atomic 

spectra.1* It need only be mentioned here that this development showed the need 

of a new concept—the electron spin—introduced by Uhlenbeck and Goudsmit 

and by Bichowsky and Urey.1* This assumes each electron to rotate about its own 

axis besides moving in an orbit about the nucleus.* The electron spin has an 

angular momentum 1/2 h/2n. 3 

The effects of the spins of the electrons in the atom (only the valence electrons 

or those outside the kernel need be considered) may be lumped together by the 

methods of vector analysis into a resultant spin vector S for the atom. This 

assumes only certain discrete values. If all the spins are parallel, S is equal to 

one-half the nuniber of electrons since each contributes 1/2. The contributions of 

antiparallel electrons neutralize each other. For example, if as in the alkaline 

earths, there are two electrons outside the kernel, S will be one if the spins are 

parallel and O if they are antiparallel. The extreme values which the quantum 

‘number J may possess for a given L level for a given atom are obtained by adding 

L and S and by subtracting S from L. J may also have all intermediate values 

which differ from these extreme values and from each other by integers. This 

means that if L is greater than S, the number of J values for a given L (the 

multiplicity of the term) is given by 2S +1. 
It must now be emphasized that the Bohr theory, although useful in stimulating 

the earlier development of the theory of spectra, had many arbitrary features 
and, indeed, probably was in error in certain features. The quantum numbers 
and selection rules have subsequently been shown to emerge more logically from 
quantum mechanics. The methods employed require a degree of mathematical 

2 For accounts of these see books on atomic spectra. The following have been consulted in pre- 
paring this brief summary: Johnson, . C., “Spectra,” London, Methuen, 1928; Herzberg, G., 
“Atomic Spectra and Atomic Structure,’’ New York, Prentice-Hall, 1937; White, H. L., “Introduction 
to Atomic Spectra,” New York; McGraw-Hill, 1934; Candler, A. C., ‘Atomic Spectra and the Vector 
Model,” 2 Vols., Cambridge Univ. ‘Press, 1937. An exhaustive bibliography has been given by 
Gibbs, R. C., Rev. Modern Physics, 4, 278 (1932). 

18 Uhlenbeck, G. F., and Gotidsmit, S., Naturwiss, 13, 953 (1925); Nature, 117, 264 (1926); see also 
Compton, A. H., J. Frank. Inst., .145, 1921, Aug. 

14 Bichowsky, F. R., and Urey, H. C., Proc. Nat. Acad. Sci., 12, 80 (1926). 

* The state of each individual electron in an atom can be described by four quantum numbers, 
n the principal quantum number, ) the orbital quantum number, m1 the magnetic quantum number, 
and m. the electron spin number. m can have any integral value, / can have any integral value up to 

one less than n, m, may have any integral value between / and —/, including zero, (or a total num- 

ber of possible values equal to 2/ +1), and m, can have only the values —1/2 or +1/2. ‘'Pauli’s 
exclusion principle states 1 that no two electrons in the same atom can have all four quantum numbers 
the same. This principle and the restrictions on the values which the quantum numbers may possess 
permit the description of the electron configurations of the atoms of all the elements of the periodic 
eee: Fowler states 16 that it is possible to predict from the electron configuration of an element, 
Owever complex, the main features of its spectrum. 

Pauli, W. Jr., Z. Physik, 31, 765 (1925): 

16 Fowler, A., J. Chem. Soc., 1928, 777. 
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training possessed by relatively few chemists and must be sought in special texts. 
This development has arisen from the work of Heisenberg 17 on matrix mechanics 
and independently from the introduction by Schrédinger 18 of the wave equation 
of De Broglie! into the classic equation for the propagation of elastic waves. 
The result of the latter approach was a differential equation which could be 
applied to the motion of the electron in the hydrogen atom. ‘This equation has a 
discrete set of solutions called eigenfunctions which represent energy states of the 
atom. According to these theories, the electron orbits of the atom have lost their 
once-assumed definiteness and it is possible only to calculate the probability of an 
electron being found within a definite minute volume of space. They do, how-- 
ever, confirm the existence of definite energy levels, transitions between which give 
rise to the spectral lines. Indeed, it may be said that although the Bohr theory 
had assumed their existence, their occurrence was nevertheless inexplicable and, 
until the advent of the quantum mechanics, marked a sharp break with all pre- 
vious conceptions of electrodynamics. | 

Experimental data confirming the existence of definite atomic energy states 
are now abundant. The stepwise excitation of atoms by the impacts of electrons 
carrying definite amounts of kinetic energy was mentioned in Chapter 1.: This 
stepwise production of various spectral lines in succession has, since the pioneering 
experiments of Franck and Hertz, been carried out in the case of many elements. 
For example, Schulze °° has excited argon in seven stages. The method offers 
great experimental difficulties and the literature contains many discrepancies in 
the values assigned to the various resonance potentials of the elements by modifi- 
cations of this method. 

The various spectral lines or groups of lines may be also produced in an 
analogous step-wise manner by carefully controlled thermal excitation of the 
elements. In the Pasadena laboratory of the Mt. Wilson observatory, King vola- 
tilized the metals in a graphite tube electrically heated in a specially designed 
furnace to temperatures not far below that of an electric arc. He showed 2! that 
calcium vapor yields a line at 4227A at relatively low temperatures, and that lines 
at 3969 and 3934A appear only at temperatures above 2400°C. He has also 
given 2 temperature classifications of the lines of strontium, barium, magnesium, 
iron, titanium, vanadium, chromium, cobalt, nickel, manganese, scandium and 

many other elements. In the case of iron, he has grouped 902 lines according to 
their occurrence or absence when the temperature is 1600-1700°C., 2000°C., or 
2500-2600°C. Only eleven lines are emitted at 1400°C. The method, which has 
also been employed by others,?? is chiefly of value to the spectroscopist as an aid 
in classifying the lines into various series. | 

PRODUCTION OF IONS IN ULTRAVIOLET SOURCES 

The chemist is familiar with ions produced as the result of electrolytic disso-» SS 

ciation in aqueous solutions. The physicist, however, frequently encounters ions 
in the gaseous state, since by the application of high temperatures, electric dis- 

17 Heisenberg, W., Z. Physik, 33, 879 (1925). 

18 Schrodinger, E., Ann. Physik, 79, 361, 489, 734 (1926); Phys. Rev., 28, 1049 (1926). 

19 De Broglie, L., Phil. Mag., 47, 446 (1924); Ann. de Phys., 3, 22 (1925). 

20 Schulze, B., Z. Phystk, 56, 378 (1929). 

21 King, A. S., Astrophys. J., 28, 389 (1908); 29, 381 (1909). 

22 Tbhid., 29, 190 (1909); .48, 13 (1918); 51; 179: (1920); 37, 239 (1913); 56, 318 (1922). 39; toe 
(1914); 59, 155 (1924); 41, 86 (1915); 60, 282 (1924); 42, 344 (1915); 53, 133 (1921); 54, 28 (1921); 
65, 86 (1927); 89, 377 (1939). 

23 Paton, R. F., and Rassweiler, G. M., Phys. Rev., 33, 16 (1929); Ritschl, R., Ann. Phys., 13, 337 
(1932); Schiller, H., Z. Phystk, 37, 728 (1926). 
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aroes or certain radiations, it is possible so strongly to excite an atom that one 

ie -e of its electrons is sent to an orbit extremely far from the nucleus. Since 

an Be raictive force of the nucleus becomes insufficient to hold the electron in a 

a. distant orbit, it becomes lost to the atom, and shoots out into space where, as a 

i. te particle, it behaves as an independent unit, and is one of the particles 

Bing up an “electron gas.” The atom which has lost the electron or electrons 

n ion. , 

cro necessary to, remove an electron from an atom is greater than that 

‘equired to displace it to any of the hypothetical orbits representing the stationary 

. states of the atom. It is the ionizing work; when expressed in electron- 

Be commonly shortened to volts, it is called the ionization potential. It is 

ae than any of the potentials corresponding to the excited states. In the 

2 of mercury, it is 10.4 volts. ( a ey . 

To ionize an already excited atom requires less work than is needed in the case 

of an atom in its stable state. To ionize a hydrogen atom which is already excited 

to a high energy level requires less energy than-to ionize one excited only to a 

lower energy level. The difference between the amounts of energy required for 

‘onization in these two cases represents the amount ot energy required to raise 

the atom from the lower to the higher stage of excitation. This would be the 

amount of energy emitted in a spontaneous return of the atom from the higher to 

the lower energy level. , By multiplying the frequency of the emitted line by the 

Planck constant, the value of this energy is obtained in ergs. ihe 

By both the spectroscopic method and the method. of studying the effects on 

atoms of impacts of electrons accelerated by electric potential gradients, physicists 

have obtained a large amount of information regarding the energies required to 

is 

‘excite atoms of most of the elements to various energy levels, or to ionize them. 

The detailed results have been summarized by Bacher and Goudsmit.“ The 

ionization potentials of a few of the elements most’ frequently employed in sources 

of ultraviolet rays are given in Table 1, which also includes for some a resonance 

potential and the energy required to expel a second electron from an ion of the 

- Atom. 

Table 1.—Resonance and Ionization Potentials of Various Elements. , 

Tonization Potentials of 
Resonance Potential Atom.. Ion. 

Element (volts) (volts )}————_——{ 

Hydrogen 10.4 13.5 
Helium 20.4 24.46 rane 
Carbo)» oe 112 24.3 ° 
Nitrogen 8.2 14.5 29.5 
Neon 11.8 21.5 40.9 
Sodium ee | 5.1 bere 
Argon ee: 15.7 27.8 
Mercury 4.9 (6.67) 10.38 el Be 

Energy-Level Diagrams. The transitions permissible between the energy 
states of an atom are most readily set forth in diagrams called energy-level dia- 
grams or Grotrian diagrams.2> These serve also to indicate the energies in the 
various levels. Such a diagram for mercury is given in Figure 4. | , 

A horizontal line at the top of the diagram represents the energy of the ion, 

1932. 

*° Grotrian, W., “‘Graphische Darstellung der Spektren von Atomen und Ionen mit ein, zwei, und 
drei Valenzelektronen,’? 2 vols., Julius Springer, Berlin, 1928. 

24 Bacher, R. F., and Goudsmit, S., ‘‘Atomic Energy States,” New York, McGraw-Hill Book Co., 
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which is arbitrarily taken as zero. A dot placed near the bottom of a vertical 
line at the left of the diagram indicates the energy of the stable or normal state of 
the atom. The distance at which it is located below the zero energy state of the 
ion on a suitable scale represents the energy which must be put into the atom to 
ionize it. Since the atom in its normal state has less energy than the ion, which 
is arbitrarily taken as zero, the energy associated with the atom or with any state 
of excitation less than ionization, is considered to have a negative value. “The 
energy values are frequently expressed in electron-volts, since in many cases the 
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Figure 4. Energy-level Diagram for Mercury (W. Grotrian, “Graphische Darstellung | 
der Spektren von Atomen mit ein, zwei und drei Valenzelektronen,”’ Courtesy of 
Julius Springer, Berlin). 

information was obtained by the method of critical potentials. As the diagram is 
also intended to yield the frequencies of lines emitted during transitions from one 
state to another, it is convenient to employ also a vertical scale giving the fre- 
quencies corresponding to the various energy states. This can be obtained by 
dividing the energies in ergs by Planck’s constant h. Division by the velocity 

EMISSION OF RADIANT ENERGY 29 

converts these frequencies into the more convenient wave-numbers. 

he levels are determined spectroscopically by multiplying the wave-numbet of light 
Usually, t 
f the line by he to obtain the increment of energy between the energy levels. 

5 J 
Energy-levels for each of the S, P, D and F terms are designated by short 

Fatal marks. Doublets, triplets, etc. are indicated by using separate columns 
zonta 

oe ach member of the multiplet. The state of excitation for each electron is 

oe ally denoted by giving the principal quantum number as a numeral for each 
ust 

ine marking an energy ‘state. 

ine: are eae ihe various states in accordance with the 

Be principles. The difference between the wave-numbers ot tie) States 

Ng ted by a diagonal line vields the wave-number of the spectral line. Trans- 

.. between terms of unequal multiplicity are called intercombination lines. 

ee viclate the selection rule that when J is 0, its value must change. It happens, 

Be acer, that the prominent mercury resonance line, 2537A, is such an inter- 

combination line. 



Chapter 3 

Survey of Sources 

The various sources of ultraviolet radiations are all devices for the application 
of energy to atoms and molecules, usually in the vapor or gaseous .states, for the 
purpose of exciting them to higher energy-levels. The differences between the many 
types of apparatus lie in the choice of the atoms which are excited, in the form of 
energy applied for the excitation, and in the means adopted for its application. 

Once the excitation has been effected, the excited atoms or molecules retain” 
their increments of energy for a brief period and then revert to states of lower 
energy, emitting their extra energy as radiation. The duration of the excited states 
may be altered somewhat by varying the pressure of the gas or by adding an 
inert gas. 

The natural source of radiations, the sun, is discussed in Chapter 11, following 
a consideration of filters, since atmospheric filtration’ prevents some of its radia-_ 
tions from reaching the surface of the earth. The most important artificial sources 
of ultraviolet rays are the arc, spark and glow discharge. In the following para- 
graphs the chief points of distinction between these types of discharge will be 
described, after which other less widely used sources will be considered. 

The passage of a direct current discharge through gases at low pressures fre- 
quently gives rise to the glow discharge, the well-known phenomenon observed 
in a Geissler tube. In it, various parts of the tube assume characteristic appear- 
ances known as the cathode glow, the Crookes dark space, the negative glow, the 
Faraday dark space, the positive column and, when present, the anode glow. 

The arc is a discharge of electricity through a gas, which may be at any pres- 
sure, under conditions such that one or both of the electrodes becomes heated 
and by vaporization contributes a stream of gaseous material which aids in the 
conduction of the current (direct or alternating) across the space. In these two 
forms of discharge—the glow and the arc—the impressed voltage is usually low, 
as compared with the very high voltages employed for the spark discharge. In 
the arc, the potential drop in the region of the cathode is usually very low, of the 
order of tens of volts, but in the glow, it is of the order of hundreds of volts. In 
practice, the spark usually involves the very brief oscillatory discharge of some 
form of condenser across an air-gap, with the production of light and heat. With 
suitable equipment, a series of very rapidly repeated discharges may occur with 
the production of a loud sound. 

Close to the cathode in a glow discharge in nitrogen at 0.5 mm. pressure! is a. 
narrow dark space (Crookes dark space), followed by an intense negative glow 
region which decreases in intensity to the Faraday dark space, several times 
wider than the cathode dark space. This is followed by the bright positive column 
which hegins sharply at a definite position and extends, usually with uniform 
intensity, toward the anode. Under certain conditions, the positive column may 
be striated. There may also be an anode glow. The positions between the 

1 This discussion of the glow discharge is based upon one by Dushman, S., Elect. Eng., 53, 1204, 1283 (1934); see also Found, C. G., Trans. Illum. Eng. Soc., 33, 161 (1938). 
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daries of these various regions are determined by the cathode, since they are 

- d if the cathode is moved within the discharge tube but are not affected by 
. the anode. If the anode is made to approach the cathode, the length of 

Be itive column decreases. It is possible to eliminate the latter completely and 

te the anode located within the negative glow or in the cathode dark space. 

erie potentials with respect to the cathode at various points may be determined 

by the use of exploring wires or electrodes introduced into me various regions, 
eth od employed by Stark, Retschinsky and Shaposchnikotf * and placed upon a 

f nd theoretical foundation by Langmuir and Mott-Smith.? The use of this 
S esbe’ method has been of great value in advancing our knowledge of the mechan- 
7 occurring in gaseous discharges, as it is capable of yielding information as to 

a potential distribution, the densities of ions and the mean kinetic energies of 

the free electrons. hte . . - 

Close to the cathode is a narrow region in which there is a steep potential 
eradient, the drop varying from 60 to 400 volts, depending on the nature of the 

eas and the cathode. Much of the entire discharge voltage drop occurs in this 
region. In the Faraday dark space there may be a slight positive or even a 

negative gradient. Throughout the positive column, the gradient is constant, so 

that the total voltage drop in the tube depends upon the length of the positive 

column as well as upon.the cathode fall. In the glow discharge, there is little 
change in voltage at the anode. Compton and Morse * assume the large amount 
of energy consumed in the cathode fall to be used in accelerating positive ions 
toward the cathode. By bombarding the cathode, these liberate electrons; the 

liberated electrons while close to the cathode receive enough energy to enable 

them on striking atoms to produce more positive ions, and so continue the process. 
These authors calculate that an electron makes about ten such ionizing collisions 
in passing through the region of the cathode fall, and consider that most of the 

m 

current at the surface of the cathode is carried by positive ions. 

The large drop of 300 or more volts in this region may be lessened by employ- 
ing some accessory method of inducing the cathode to emit electrons, such as 
heating it to produce thermionic emission or irradiating it with ultraviolet light 
to cause photoelectric emission. By such methods the cathode drop may be 
reduced to a value related to that of the ionization potential or of a resonance 
potential of the gas. 

The remaining space between the electrodes is called the plasma, a term also 
used in the case of arcs. Langmuir ® showed that the thickness of the cathode 
sheath is of the order of 0.01 mm. Electrons from the cathode are accelerated in 
this sheath and carry their energy into the plasma where most of the emission of 
light occurs. Electrons which have acquired the energy of the cathode drop Vo 
(electron-volts) are called primary electrons. Such a primary electron on striking 
a gas atom may lose to it by inelastic impact the energy required for ionization, V;. 
It then has left the energy ’,—V, and is called a secondary electron. Its energy 
may still be sufficient to excite certain atoms, depending upon their resonance 

2 Stark, J., Retschinsky, T., and Shaposchnikoff, A., Ann. Physik, 18, 213 (1905). 

. ir, I., and Mott-Smith, H. Jr., Gen. Electric Rev., 27, 449, 538, 616, 762, 810 (1924). 
For a io ots oS the theory of the probe method, see Davydov, B. I., and Zmanovskaya, 
fe, J. Tech. Phys. (U.S.S.R.), 6, 1244 (1936); Emeléus; H. J., and Brown, W. L., Phil. Mag., 22, 
898 (1936) : Polin, V., and Gvozdover, S., Physik. Z. Sowjetunion, 13, 47 (1938); Chem. Abs., 32, 4422 
(1938); Yankin, G. -M.; J. Tech. Phys. (U.S.S.R.), 8,45 (1938); Chem; Abs., 32, 5692 (1938). 

Ls ton, K. T., and Morse, P. M., Phys. Rev., 30, 305 (1927). For recent observations on the 
is terion, see Brewer, A. K., and Westhaver, J. W., J. Applied Phys., 8, 779 (1937); Giinther- 
schulze, A., and Betz, H., Z. Physik, 108, 780 (1938). 

5>Langmuir, I., Phys. Rev., 33, 954 (1929). 
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potentials. When the electron after such collisions no longer has enough energy 
to excite atoms by impact, it is called an ultimate electron. 

Although in this discussion, it has been assumed that the cathode is cold and 
need not contribute any metallic vapor to the glow, it is possible under certain 
conditions to have a glow discharge from a molten cathode. Although the glow 
form of discharge is most commonly produced in gases at low pressures, neverthe- 
less it may be produced under some conditions at atmospheric pressure if the 
current carried by the discharge is kept at only a few milliamperes. As the current 
is increased beyond a certain limiting value, usually about 0.1 ampere, the glow 
suddenly changes to an arc. In the are discharge, the cathode current density is 
from a-hundred to a thousand times that in the glow discharge, and the restricted 
spot from which the current issues may be very hot. It was for a time generally 
believed that high temperatures near, if not at, the cathode were essential for the 
maintenance of an arc.® 

It has, however, been shown that the mercury-vapor arc can be operated with 
the cathode maintained at —70°C. or lower, the voltage being not much higher 
than in normal operation of the arc.’ Apparently exceptions to general rules are so 
frequent and the number of borderline cases so great that rigid definitions of the 
forms of gaseous discharge are scarcely attainable. The following were suggested 

by Thomson :® 
Glow. A discharge between cold electrodes, the current being carried entirely 

by gaseous ions and electrons. 
‘Arc. A discharge in which the current is carried by the material of the elec- 

trodes as well as by the gas between them. . 
~ Spark. The initial unstable stage in any discharge between cold electrodes. 
Spark and Arc Spectral Lines. The spectra produced by an are and by a spark 

between similar electrodes may differ widely in character. An understanding of the 
origin of this difference, which is fundamental both historically and theoretically 
in the origin of atomic spectra, is essential to the employment of these sources in 
spectrographic methods for detection of the elements. Lockyer, a pioneer in solar 
spectroscopy, discovered that the intensities of certain lines occurring in the arc 
spectra of many elements are enhanced in their spark spectra.? In some cases, lines 
occurring in the arc spectrum are missing in the spark spectrum; on the other 
hand, the spark spectrum miay show lines not present in the arc spectrum. Lockyer 
demonstrated the appearance of new or “enhanced” lines in the spectra of stars, 
particularly in the Novae, and. believed that they indicated the existence of 
hitherto unknown elements capable of existing only at the enormous temperatures 
of the stars, or under the conditions of temperature found in the spark. It has 
since been shown that “spark” lines can also be produced by the high temperature 
excitation of certain elements in a resistance furnace. | 

The key to the nature of these assumed new elements was given in Bohr’s 
earliest paper on the theory of atomic structure. In 1897, Pickering had dis- 
covered in the spectrum of a certain star, besides the Balmer lines of hydrogen, 
a series of new lines, each of which lay about midway between two lines of the 
Balmer series. Their frequencies could be represented by the Balmer formula if 
for 3, 4, etc. in the second term, there were substituted 3.5, 4.5, etc. As he believed 

6 For discussion, see Slepian, J., J. Frank. Inst., 1926, 79; Phys. Rev., 27, 407 (1926). 

7 Kawa, J., Acta Phys. Polonica, 1, 427 (1932); Newman, F. H., Phil. Mag., 18, 607 (1934). 

8 Thomson, J., Phil. Mag., 13, 824 (1932); see also Mckeown, S. S., Phys. Rev., 34, 611 (1929) 
and Kaiser, H., and Wallraff, Z. Physik, 112, 215 (1939) for transitions between the forms of dis- 
charge. 

9 Lockyer, Sir Norman, Proc. Roy. Soc., 30, 22 (1879). 
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lines to be due to hydrogen, Pickering altered the Balmer formula to 

Seiade them by making the Rydberg constant four times its usual value, The 

a lines were not, however, encountered in spectra excited in the laboratory 

Betil Fowler in 1912 observed them in the spectrum of a discharge tube containing 

a hydrogen and helium. Bohr realized that if a helium atom should lose an 

electron the resulting ion would resemble the hydrogen atom, except for the fact 

that its nucleus would bear two positive. charges rather than one. He appreciated 

the necessity of incorporating the number of nuclear charges, 1.0.5 the atomic 

number, in his equation for the calculation of the energy associated with the rota- 

tion of an electron it, “a OL UI, the expression which in his theory yields the 

Rydberg constant. As this expression involves the square of the nuclear charge, 

the result yields a constant four times as great when there are two nuclear charges 

as when there is but one. The constant for the helium spectrum would, there- 

fore, be four times that for the hydrogen atom. This led Bohr to suggest that the 

Pickering lines are emitted by helium ions rather than by hydrogen, an explana- 

tion which met with much opposition until it was found that the lines could be 

observed in pure helium when suitably excited. 

It is more difficult to excite helium to emit the Pickering lines than it is to 

cause this element to emit the ordinary lines observed in the glow discharge. In 

order to form the ion and induce it to emit energy, spark excitation is used. In 

general, spectra of the ions of elements are commonly called spark spectra, as 

distinguished from the arc spectra from the atoms of the same elements. These 

designations must not be taken too literally, since the so-called snark’ spectra of 

many elements may be produced by other means of excitation. Some lines of a 

spark series frequently appear in arc spectra, although they may be enhanced in 

intensity in the spark spectra of the same elements. 

It has been noted that the spark spectrum of helium resembles the arc spectrum 

of hydrogen, the preceding element of the periodic table, the only difference being 

that the Rydberg formula must be altered to take account of the extra nuclear 

charge. Similar relations hold throughout the periodic system. The alkaline earth 

elements have two electrons in the outer ring. Loss of one of these on ionization 

causes the atom to resemble that of the preceding alkali metal and to give a 

spectrum like it when the excess nuclear charge is taken into account. The multi- 

plicities of the ions of elements are closely related to those of the atoms of the 

preceding elements of the periodic table. : 

It is also possible to observe under suitable conditions spectra from doubly 

the new 

charged ions, or atoms which have lost two electrons. In some instances, still 

higher degrees of ionization have been studied. To distinguish between these 

spectra, Roman numerals are employed after the symbol ot the element. Thus, 

CI refers to the spectrum of the neutral carbon atom, CII to that of the ion C*, 

C Il to that of the doubly charged ion C++ and C IV to that of triply ionized 

carbon, C++. These are spectra of various orders, CI being of the first order. 

A given element excited by various methods produces different spectra, in each of 

which lines corresponding to one or another of these stages of ionization pre- 

dominate. The demarcations are not sharp and it is common to find faint lines 

representing a higher degree of ionization superposed upon a spectrum of lines 

representing a lower stage of ionization. Antimony excited by a vacuum spark 

yields predominantly lines due to the doubly ionized atom Sb III. Tin in a Paschen 
hollow cathode in a discharge tube emits the lines of Sn IT.1° 

Lang, R. J., Phys. Rev., 35, 445 (1930). 
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In the atmosphere of the sun most of the elements are in the atomic state and 
yield the arc spectra. Spark lines are, however, observed in the case of a few 
easily ionized elements such as calcium. In the spectra of some stars, lines are 
found indicative of the presence of singly, doubly or further ionized ions. The 
appearance of lines of this character serves as a scale by which such bodies may 
be classified according to their temperatures. In the interiors of some of the stars, 
the temperatures reach millions of degrees and completely stripped atoms—mere 
nuclei—are believed to exist. 

OTHER SOURCES OF ULTRAVIOLET RAYS OF LESSER IMPORTANCE 

Incandescent Solids. The Nernst glower is said to yield a faint spectrum even 
beyond 2500A. Not for many years, however, has it been employed as a source 
of ultraviolet rays. ; 

Since about 1920, the incandescent tungsten lamp, operated at an abnormally high , 
filament temperature, has been employed occasionally as a source of continuous ultra- 
violet rays for absorption studies. Lamps intended for this purpose, and provided 
with special quartz bulbs or windows, were described by Gehlhoff,!2 Franck and 
Grotrian,' and by Stockbarger.14 Also, Stockbarger, Dingee and Burns 15 have pre- 
sented spectrograms showing that automobile headlight bulbs operated at a filament 
temperature of 3400°K. (at which they last but a few hours), permit the detection — 
of radiations less than 3000A when the bulbs are of lead glass. With soda-lime 
glass bulbs, emission to 2900A could be detected, and measurements indicated 
that 0.046 per cent of the energy emitted through such bulbs lies below 3170A. As 
this was over three times the amount of radiation expected in this region from 
the laws of black-body radiation, they concluded that there is a selective ultra-. 
violet emission. 

Luckiesh 16 presented calculations of the percentages of the total emission 
which lie between 2800 and 3200A from tungsten filament lamps of various watt- 

_ ages at several temperatures. His results indicated that such lamps would not be 
very effective sources for supplying this band of radiations to children. For 
the same total energies a quartz mercury arc gives 175 times as great an output 
in this region as does a tungsten filament lamp. Later calculations by Forsythe 
and Christison?" were more favorable. By utilizing data of Hulburt 18 on the 
percentages of the total eniissivity at 3400, 3800 and at 4200A at various temper- 
atures up to 2800°K. and employing certain considerations relating to the color 
temperature of tungsten, Forsythe and Christison obtained a curve for the spectral 
emissivity of tungsten at 2800°K. from the infrared to 2700A. By a step-by-step 
integration, they secured from this curve values for the relative amounts of energy 
in various portions of the spectrum. From these values (at several temperatures) 
and the total wattages of the lamps were calculated theoretical amounts of energy in 
these spectral regions falling upon a square centimeter of surface at a distance 
of one meter from the filament. The absence of any absorbing bulb surrounding 
the filament was assumed. It was found that a 500-watt tungsten lamp burning 

11 Coblentz, W. W., Bur. Standards Bull., 9, 103 (1913); Griffiths, H. D., Phil. Mag., 50, 263 
(1925): 

12 Gehlhoff, G., Z. tech. Physik, 1, 224 (1920). 

18 Franck, J., and Grotrian, W., Z. tech. Physik, 3, 195 (1922). 

1# Stockbarger, D: C., J. Opt. Soc. Am., 9, 337° (1924). 

15 Stockbarger, D. C., Dingee, A. L., and Burns, L., J. Opt. Soc. Am., 18, 53 (1929). 

16 Luckiesh, M., J. Frank. Inst., 206, 60 (1928). 

17 Forsythe, W. E., and Christison, F., General Electric Rev., 32, 662 (1929). 

18 Hulburt, E. O., Astrophys. J., 45, 149 (1917). 
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‘tions giving a life of 1000 hours would yield a total energy of 4 milli- 

,. eo Pausre Sehr ece of which 0.0013 milliwatt was of wave-lengths shorter 

3050 and 0.00044 milliwatt was between 3100 and 2900 A. When the 

— was burned under 100-hour life conditions, the values were, respectively, 

co, 0.0017 and 0.00060. A 900-watt motion-picture lamp gave 9.2, 0.0076 and 

0.0028 milliwatts. ‘These values compared favorably with the energy of the sun- 

lie ht passing through an air-mass of 2.37 atmospheres, which gave 0.010 milliwatt 

: energy shorter than 3250A and only 0.00017 between 3100 and ie The 

iia! energy of the sunlight was, however, far greater, 33.9 milliwatts. 

Borstler 2° proposed the therapeutic use, by means of a quartz applicator, of 

ultraviolet radiations from a 6- or 8-volt tungsten automobile headlight in a Fyrex 

bulb, operated at voltages 10 per cent above normal. 

Flames: As sources of ultraviolet radiations, flames are of little value. They 

are employed occasionally in conjunction with sparks in certain methods of 

quantitative analysis by spectrographic methods. In the early work in the visible 

region, flames were used as a ready means of vaporizing salts and exciting the 

metallic portions thereof, particularly the alkalies, which readily give characteristic 

lines.22 To make the method available for the detection of elements more opie 

to excite, higher temperatures are necessary. Early students of _line spectra 

secured these by directing an oxyhydrogen blowpipe upon the solid to be exam- 

ined. Still higher temperatures may be attained with the aid of the oxyacetylene 

fame.22 The spectrum produced in the flame itself is sometimes a complicating 

factor. It is a band spectrum emitted by the molecules of water vapor produced 

during combustion. The lines of these bands are weak at wave-lengths greater 

than 3200A and interfere but little with analyses based upon lines situated at longer 

wave-lengths. 

Before the development of the mercury arc or the appreciation of the value 

of other simpler arcs, flames were occasionally employed as sources in the study 

of reactions produced by ultraviolet rays. Wulf employed a flame of carbon disulfide 

and oxygen for such purposes.?4 , Be ere: 

Bombardment by a-rays 25 or cathode-rays 26 has been used in investigations 

in the region of wave-lengths longer than those of the usual x-Tays. 

| Among the less important electrical sources ot ultraviolet radiation is the 

exploded wire method of Anderson 7% although it has occasionally been of service 

in the study of the absorption spectra of vapors. In this method, a fine wire (less 

than 36-gauge), 5 cm. in length, of nickel, iron, manganese or copper, 1s fused 

or exploded by discharging through it a heavy current by means of a large con- 

denser charged by a 500-watt, 26,000-volt transformer, suitably rectified. In series 

with the wire is an adjustable spark-gap. In air, the method yields a nearly con- 

tinuous spectrum, with many dark lines, due to absorption by the hot metal vapor. 

pay. sik, 85 
19 For other data on the emission of tungsten filaments, see von Alphen, H. C., Ann. Physik, 85, 

1058 es re eee F., and Willenberg, H., Physik. Z., 35, 713 (1934). 

20 Borstler, E. W., U. S. P. 1,800,277, April 14, 1931. 

21 For a general discussion, see Lohse, H. W., Can. J. Research, 12, 519 (1935), and Lundegard, H., 

Lantbruks-Hogskol Ann., 3, 49 (1936). 

22 Lockyer, Sir N., and Austen, R., Proc. Roy. Soc., 23, 344 (1875); Liveing, G. D., and Dewar, J., 
ibid., 28, 352 (1879); Hartley, W. N., Phil. Trans., 185A, 161, 1047 (1894). 

23 Hemsalech, G. A., and de Watteville, C., Compt. rend., 149, 1112, 1369 (1909); de Gramont, A., 

ibid., 157, 477 (1918); 176, 1104 (1923). 
# Wulf, T., Ann. Physik, 9,946 (1902). 

2 Greinacher, H., Z. Physik, 47, 344 (1928). | 

26 Cohn, W. M., Z. Physik, 70, 662, 667, 679 (1931). 

27 Anderson, J. A., Astrophys. J, 51, 37 (1920). 
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In place of wires, asbestos fibers may be used upon which solutions of the various 
alkaline-earth chlorides to be analyzed have been evaporated.? 

A very brilliant light (up to 14,000,000 candles) of extremely short duration 
(less than 5 millionths of a second) is said to be produced by the explosion in 
argon of 0.4 cc. of a liquid explosive, such as tetranitromethane. Its spectrum 
extends far into the ultraviolet.?9 

Electrodeless Discharge. The high-frequency electrodeless discharge has been 
but rarely employed for carrying out photochemical reactions. Since its discovery 
by Hittorf in 1884, there has been much discussion as to whether the phenomenon 
is to be ascribed to an electrostatic or an electromagnetic field,3° 

Apparently either can excite a gas or vapor at low pressure to emit a brilliant 
diffuse discharge. In these methods, the oscillatory discharge from a condenser 
goes through a coil of wire surrounding but not touching the reaction vessel. 
At higher gas pressures, the discharge alters in character and assumes a ring form, 
the lines changing from a mixture of arc and spark lines to a spectrum in which 
spark lines predominate. Harkins 31 used a coil of six turns of copper wire around 
a quartz or “Pyrex” flask with a side-tube arranged for the collection of the products 
formed during the passage of the discharge through various “organic gases. A 
window was arranged for spectrographic observations of the products transiently 
produced. The frequency of the circuit was 800 kilocycles per second. The circuit 
included a 1 k.v.a. Thordardsen transformer which supplied a maximum of 25 kilo- 
volts, a spark gap of cylindrical zinc electrodes adjustable by a screw, and a 0.025 
microtarad condenser. In the discharge, both benzene and acetylene were found to 
be dissociated, giving spectrographic evidence of the presence of H, C, Ct, Cy and 
CH. Polymerization led to compounds of very high molecular weights which — 
appeared as solid, reddish-brown flakes. At a pressure of 0.02 mm., 5000 liters of 
benzene vapor were passed into the flask without changing the character of the 
discharge; from one to two grams of solid products were formed per hour. 

Another type of apparatus °° is that in which rare gases, especially krypton and 
xenon, in a vessel at low pressure are subjected to an electric current or electro- 
magnetic field of high intensity by a high-frequency coil. It has a quartz window 
for ultraviolet irradiation processes so disposed as to be practically outside the 
high-frequency field. .The rare gases emit a gamut of rays from the visible to the 
very short ultraviolet of value in therapy. The surrounding solenoid is placed far 
enough from the window so that the latter does not become very hot, permitting 
the application of the source very close to the part of the body to be irradiated. 
This lessens the loss of short ultraviolet rays by absorption by the air. The ends 
of the solenoid wire are joined to a high-frequency apparatus, such as a spark-gap 
diathermy apparatus. In the discharge in neon, the current density is important, _ 
as neon at high current densities emits intensely between 3350 and 3700A.33 At 
current densities greater than three amperes per square centimeter, the source 
emits a spark spectrum, high frequency not being required. 

28 Sawyer, R. A., and Becker, A. L., Astrophys. J., 57, 98 (1923). 

29 Michel-Lévy, A., and Maurarour, H., Compt. rend., 200, 543 (1935). 
80 Stuhlman, O., Jr., and Whitaker, M. D., Rev. Sci. Instruments, 1, 772 (1930); Rayleigh, Lord, 

Proc. Roy. Soc., 150A, 34 (1935). For the construction of light sources of this sort in the laboratory, 
see Winans, J. G., Rev. Sct. Instruments, 9, 203 (1938). 

31 Harkins, W. D., Trans. Faraday Soc., 30, 221 (1934). 
®2 French P. 743,167, March 25, 1933, to Soc. anon. pour les Applications des Gaz Rares a la 

lumiére, procédés George Claude; British P. 385,835, Jan. 5, 1933: Brit. Chem. Abs. B, 1933, 197: 
Chem. Abs., 27, 3671 (1933). Goude-Axelos, J., and Claude, A., Compt. rend., 194, 132 (1932). 

33 Soc. anon. pour les Applications des Gaz Rares établissements Claude-Paz and Silva, British P. 
404,271, Jan. 8, 1934. 
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The sparking potential in electrodeless discharge tubes diminishes when the 

‘s illuminated by ultraviolet or visible light ** £- : 

tube adiations produced in metal vapors by the passage of radiations from another 

Eee those furnished by active nitrogen or hydrogen, although theoretically 
rce or 

° . 
. . ° n ; 

. do not at present constitute practical sources of ultraviolet radiations 
important, 

st Zouckermann, R., Compt. rend., 206, 331 (1938). 
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i he 
ere used. Cadmium was not recommended because of its softness. T 

metals + were 3 mm.X8 mm. in cross-section and were placed 7 cm. apart on 
a ies Small dishes, containing ice and resting on the metal, served to con- 

| Act a the heat rapidly. 

Chapter 4 

The Spark as a Source of Ultraviolet 

The electric spark is rather infrequently used as a source of ultraviolet tadia- 
tions for effecting photochemical reactions, although it has been employed in some a6. 
of the more important investigations. The electric spark finds its chief application — 
as a source of a many-lined spectrum suitable for studying absorption spectra of 
compounds possessing broad absorption bands. (See also Chapter 9.) It is also 
widely employed as a means of exciting to emission materials to be analyzed 
by spectrographic methods. Sparks passed in vacuum have yielded information 
of importance in the region of the extreme ultraviolet. The high tension dis- 
ruptive electric spark between iron terminals is very rich in ultraviolet radiation 
and is useful in producing fluorescent effects, particularly in mineral and drug 
analyses. It is, however, seldom used for this purpose. 

Ficure 5, 

Trarstorimer Diagram of Connection, Iron 

Spark Apparatus. 

>» COoNndeINISES 

(Courtesy General Electric Co.) 

Spark Gap 

Iron electrodes were used in a spark outfit designed by Andrews. The con- 
nections of the apparatus are shown in F igure 5. A small transformer steps up a 
60-cycle, 110-120 volt, alternating current to about 4000 volts. A condenser is con- 
nected in series with the iron terminals. The spark gap is adjustable. Assembled 
apparatus is shown in Figures 6 and 7. As this apparatus uses only about 250 to 
300 watts, it can be safely connected to any alternating current lighting circuit. 

Ross * recommended the use of aluminum terminals, which yielded an intensity 
of ultraviolet radiation (measured by the liberation of iodine from potassium 
1odide) twice as great as that resulting when terminals of any other common 

1 Andrews, W. S., General Electric Rev., April, 1916, 319. 

2 Ross, W. H., J. Am. Chem. Soc., 18, 786 (1906). 
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Rear View of “Iron Spark” 

Apparatus. 

(Courtesy General Electric Co.) 

ELECTRICAL CrircuIts EMPLOYED FOR THE PRODUCTION OF SPARKS 

When a small potential difference is impressed upon two ee by 
separated by an air space, a very small current will be ee apres be p re 

the few ions present in the air as a result of cosmic rays, tacd1oac lee a: with 
the potential difference is increased, the current increases in acco ae 

Ohm’s law but only so long as the potential difference ee a tas ae 

further increases, the current increases less and less rapidly an ce pes 
constant (saturation value) over a wide range of impressed potentia 

FIGuRE 7. 

Front View, Portable “Iron » 

Spark” Apparatus. 

(Courtesy General Electric Co.) 

This occurs because the electrons in a dense gas collide with gas dakat aly 

the electrons can acquire sufficient kinetic energy (from es Leis 

ioni i t are produced. | 
ionize the gas. Thus no new carriers of curren 

When He potential difference has been raised to several thousands of volts, 
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ionization by electron impact occurs suddenly and the current rapidly attains high 
values. There is a brilliant flash, a spark passes across the gap with the produc- 
tion of a high temperature and the potential difference is temporarily obliterated, 

The spark is very brief in duration. What happens following it depends on the 
nature of the external circuit. Under suitable conditions, the air becomes ionized, 
the resistance drops, and some form of self-maintained discharge ensues. This 
may take the form of an arc if the heat of the spark has brought the electrodes 
to a sufficient temperature. To produce sparks across small gaps, gradients of 
about 30,000 volts per centimeter are required. The earliest workers to study 
spark spectra * used an induction coil to produce the necessary high potentials. 
By photographic methods, with rapidly moving films, Schuster and Hemsalech 5 
showed that the emission of metal lines was due to an oscillating discharge, and 
that, following a single discharge through the air, which vaporizes the electrode 
material, the lines form near the electrodes and then cross the gap at rates of 400 
to 1300 meters per second. The particles composing the streamers were found 
to be electrically charged.® 

Studies with rotating mirrors have shown that a break in the primary circuit 
of the induction coil causés a series of secondary discharges, the first of these 
secondary discharges being bright and the others faint. The first is a true spark, 
since it may be shown (by the oscillograph) to follow upon a very high potential 
difference between the terminals of the. secondary winding. Such a discharge, 
repeated at each interruption of the primary current, emits a spectrum which is 
characteristic of the gas through which it passes, and exhibits but a féw faint 
lines from the metal of the electrodes. Early spectroscopists spoke of this spark 
as “uncondensed,”’ a term now known to be incorrect, since all sparks are asso- 
ciated with a condenser discharge. In this case the condenser was the air-gap 
itself together with the capacity of the secondary winding. In all sparks, the 
discharge is oscillatory because of the inertia effect of self-induction in the winding. 
Most workers, however, employed a condenser (in parallel with the spark gap) 
charged by the induction coil to the necessary sparking potential. (Figure 5.) 

The induction coil may be replaced by a small high tension alternating current 
transformer, thus eliminating difficulties arising in the operation of contact- 
breakers.. As in the case of the induction coil, the capacity of the condenser 
determines the quantity of électricity which passes in each spark and the intensity 
of the spark. Only when the condenser capacity is sufficient is the discharge 
strong enough to vaporize the electrode material into the discharge, there to emit 
its characteristic lines. With condensers of high capacities, the intensity is suffi- 
cient to ionize the atoms of the electrode metal and produce the spark spectrum 
of the latter.’ The sizes of transformer and condenser must be so chosen that the 
sparking potential may be obtained or exceeded. Details of transformer and con- 
denser requirements are found in a paper by Anderson? and in the publications 
of the makers of spectrographic equipment. 

3 For further detailed discussions of spark theory, see Loeb, L. B., Rev. Modern Phys., 8, 267 (1936); Rogoski, W., Z. Physik, 100, 1 (1936); Pirani, M., Angew. Chem., 44, 395 (1931); Darrow, K. K., “Electrical Phenomena in Gases,” Baltimore, Williams and Wilkins, 1932. 
4 Hartley, W. N., Phil. Trans. Rov. Soc., I, 50 (1884); II, 327; Pollok, J. H., and Leonard, A. G., Proc. Roy. Soc. Dublin, 11, No. 16, 17, 18 (1907); No. 23, 24 (1908); No. 31 (1909). 
® Schuster, A., and Hemsalech, J. G., Phil. Trans., 193A, 189 (1900). 

6 Milner, S. R., Phil. Trans., 209, 71,1908; see also Royds, T., Ibid., 208, 333 (1908); Phil. Mag., 19, 285 (1910). Their velocities have been measured recently. Miyanishi, M., Japan. J. Phys., 5, 67 (1928); Chem. Abs., 23, 4404 (1929); Asami, Y., Elec. Eng. Japan, 53, 27 (1933); Chem. Abs., 27, 2630 (1933); Toriyama, Y., and Shinohara, U., Elec. Eng. Japan, 53, 100 (1933); Chem. Abs., 27, 2630 (1933). 

7 Anderson, J. A., Astrophys. J., 59, 76 (1924). 
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condenser causes slower oscillations in the discharge, thereby 
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Bull. Soc. Int. Elect., 4, 437. 
8 de Kowalsky, J., Compt. rend., 158, 1337 (1914) ; aim at 

9 Hemsalech, J. A., Compt. rend., 122, 285 (1899); Schenck, CoC. 

Phil. Trans., 193A, 189 (1900). 
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heated metal vapor into the gap lowers the resistance and the potential and the, 
electrons fail to acquire sufficient energy to excite the gas. As the metal becomes 
ionized when the spark carries enough current, all of the arc lines are present. 
The prolongation of the oscillations under these conditions led de Gramont to, 
speak of such sparks as oscillating sparks as distinguished from the condition which 
he called the “condensed” spark. This is misleading for both are oscillatory and 
condensed in fact.10 : 

The effects of variations in capacity and self-inductance are particularly impor- 
tant when the spark is employed as a source for the spectrographic analysis of 
metals. Since spectrographic analysis involves technique which requires consider- 
able experience and since this subject does not fall within the province of this 
book, further details must be sought in manuals devoted to spectrographic essays. 
For spectrographic analysis, Scheibe and Neuhidusser recommended 11 0.0033 mfd. 
capacity-and 0.000015 henry of self-induction. Resonance transformers 1? and high 
frequency transformers have been recommended,13 : 

“Hot Sparks.” By employing large induction coils together with condensers of 
high capacity, it is possible to obtain spectra representative of high degrees of- ionization. So-called “hot sparks” with very narrow gaps were employed by 
Millikan 14 in his work on the short wave-length spectra of stripped atoms. As the sparking was done in a vacuum, air-lines were not a disturbing feature, so that low self-inductance could be used. The intensity was controlled by an adjust- able auxiliary spark-gap in series with the spark to be studied. 
these sparks has been described by Sawyer.15 Robinson 16 estimates that tempera- tures of 300,000°K. can be attained by such methods. Edlén17 in studying the 
C V spectrum at wave-lengths as short as 40.28A, employed a vacuum spark with ~ a capacity of 0.3 uF, charged to 60,000 volts. With thirty sparks passing per minute, and a metal grating employed at a glancing angle of 5.4°, he found half 
an hour sufficient for an exposure. 

THE ARRANGEMENT OF THE ELECTRODES OF SPARK SourRCcES 
In studying the emission spectra of metals or alloys, it is necessary to support two blunt-pointed rods or heavy wires of the material so that a gap is formed. Adjustable supports for the: rods are desirable. The spectra of minerals can be obtained by attaching them:to rods by spring clips.18~ j 
Boas 19 passes a high speed current of air past the spark in order to destroy the aureole surrounding it. He also describes an electrostatic relay to: maintain a constant distance between the electrodes. The latter erode rapidly if thin. On 

10 See also Negresco, T., J. Chim. Phys., 25, 308 (1928). 
1 Scheibe, G., and Neuhausser, A., Angew. Chem., 1218 (1928); see also Meggers, W. F., Kiess, C., and Stimson, F. J., Bureau of Standards Sci. Paper No. 444, 1922; Sweitzer, E., Z. anorg. allgem. Chem., 164, 127 (1927); Kosbahn, T., Aun. Physik, 25, 625 (1936); Gibbs, R. C., Vieweg, A., and Gaertlein, C. W., Phys. Rev., 34, 406 (1929); Langstroth, G. O., and McRae, D. R., Canadian J. Research, 16A, 17, 61 (1938). 
12 Boas, H., Z. Physik, 60, 690 (1930). 
18 Hull, F. A., and Steele, G. J.. Proc. Am. Soc. Testing Materials, 27, II (1927); Gerlach, W., and Schweitzer, E., Z. anorg. allgem. Chem., 195, 255 (1931); Potopenko, G., Ibid., 215, 44 (1933); Goroncy and Urban, Ibid.; 211, 28 (1933): Feussner, O., Z. Metalkunde, 25, 73 (1933) 3 Millikan, R. A., Astrophys. J., 52, 47 (1921)3. 53, 150 (1931); Phys. Rev., 12, 168 (1918) ; Science, 19, 138 (1919). 
1b Sawyer, R. A., Astrophys. J., 52, 286 (1920); Sawyer, R. A., and smith, F. R., J. Opt. Soc: Am., 14, 287 (1927). 
16 Robinson, H. A., Z. Physik, 100, 636 (1936). 
@ Edlén, B., Nature, 127, 405 ClOS1), 
18 Heraeus, W..-C., G.m.b.H., British P. 400,607, Oct. 18, 1933. 
1 Boas, H., Z. Physik, 60, 690 (1930). 
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hand the spark may move from place to place on a thick electrode. 
the other ? 
Gring and 

any pair O 

Clark 2° described a stand capable of holding four pais of electrodes, 

£ which can be quickly brought into position for exposut eS - 

ement of Electrodes. Spark sources have been employed in Seavert: 

of some photochemical reactions. In such cases, uniformity over a pro- 
x . ° £ > All _o . - Forb d Brackett secure this by striking the spark gs necessary. Forbes an 

Be cdiacent edges of two square bars of metal (see Figure 9). The latter 
betwe 

i Illumination (Forbes and . Spark Source for Automatically Constant 
a ° : Brackett, Journal American Chemical Society). 

move in horizontal planes at right angles to each other. vy Phir and ee 

of heat are so rapid that erosion is at a minimum. The metho es ie 

control required by previous workers with sparks and eae eae 

apparatus, flexible woven metallic bands connect two 400 x 2 ‘ saute ks eae 

condenser. The bars rest in rectangular troughs perpendicu ar . rig a : 

Posts P are insulated from the base board by vulcanite blocks. si ae ee 

is cut away at G to expose the lower edge of the upper bar. é ends 

troughs are raised or lowered by turning the milled heads until the bars are 

horizontal, and their separation along the common diagonal is 2 fe The sa be 

path for the spark lies along this one line. Blasts of air provided aan 

cleaners in tandem converge from the jets J upon the gap at G to ae i ra 
corona. A ventilated housing conducts away oxide fumes. eee e #O S os 
ending in insulating links I, pass through sleeves rotated by ee ae # 
retracting the bars. The optimum speed varies with the energy o tl e says a : 
the volatility of the metal. Zinc bars, operated at 250 mm. per hour, cae ie o : 
net service for each of the four pairs of edges. When a pair of e oe res i 
used up, the current is interrupted, the oxide crusts detached, the threaded ro 

} $e “75305: C1936). 20 Gring, J. L., and Clark, G. L., Rev. Sct. Instruments, (, 

BY Forbes He S., and Brackett, F. P., Jr., J. Am. Chem. Soc., 53, 3973 psa See 

22 Fe etary E., Siteb. Preuss. Akad. Wiss., 746 (1911); Beckman, A. oe an ic 5 Ge 
J. Am. Chem. Soc., 52, 124 (1930). 
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returned to their original positions, and operation is started with a fresh pair of 
edges. The depth of erosion on the upper edge is constant at 1.2 mm. for zinc 
and 0.5 mm. for aluminum. On the lower edge, it is about two-thirds as much. 
A 5 ky. oil transformer is operated at 110 volts and 35 amperes under control of a, 
voltage regulator. The gap voltage is 6500 = 500, secured by employing a heavy 
duty mica condenser of 9.04 microfarad capacity. 

With the monochromator employed, it was possible to secure approximately 
monochromatic radiations in the case of zinc of 30,000 ergs per second at 2530A, 
and of 16,000 at 2080A. With cadmium, the intensities attained at the slit were 
34,000 ergs per second at 2170, 79,000 at 2260, 22,000 at 2570 and 27,000 at 2710A. 
The intensities attainable with aluminum electrodes were lower. Forbes 23 regarded 
the spark as an almost indispensable source of radiations of wave-lengths shorter 
than 2500A. He noted that the zinc spark employed by Warburg in his early 
work gave *4 at 2540A a thousand-fold the intensity of a mercury vapor lamp. 

Lifschitz *° obtained intense light and high temperatures by sparking between 
the whole length of a pair of electrodes. Ogg, Leighton and Bergstrom 26 describe 
a spark gap (Figure 10) in which the spark passed between the tapered edges of 
two rotating disks of cobalt or cadmium, A,A’ mounted on hollow shafts, BB’, 
through which cooling water was circulated. To provide insulation, the cooling 
water circuit was broken by sprinklers. The frames holding the shafts were movable, 
so that the gap length, usually about 1 cm., could be adjusted by the screws II’. 

Figure 10.. 

Spark Gap with Rotating 

Water-cooled Electrodes (Ogg, 

Leighton and Bergstrom, Jour- 

nal American Chemical Soci- 

ety). 

The shafts were belt-driven in opposite directions at several hundred r.p.m. by a 
“4 h.p. motor. Electrical contact was made through heavy carbon brushes L,L’, 

connected to the terminals of a 0.010 mfd. oil-immersed condenser across the 
secondary of a 5 kw. x-ray transformer. By this means one to two discharges per 
half cycle were obtained across the gap. A hose (attached to a vacuum line) 

*3 Forbes, G. S., J. Phys. Chem., 32, 485 (1928). 
24 Warburg, E., Siteb. Preuss. Akad. Wiss., 746 (1911); 216 (1912); 314 (1916). 
* Lifschitz, S., German P. 524,877, March 26, 1926; Chem. Abs., 25, 4189 (1931). Ogg, Kh. &, Jig Leighton, Ps An and Bergstrom, F. W., J. Am. Chem. 

See also van der Lingen, J. S., S. African J. Sci., 33, 197 (1937). m. Chem. Soc., 55, 1754 (1933). 
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close behind the spark drew off objectionable fumes. The gap was readily 
mounted ble for cleaning and oiling of the bearing and interchange of electrode 
demounta 
disks.?" 

PHOTOCHEMICAL REACTIONS IN GASES SURROUNDING SPARKS 

Jolibois, Lefebvre and Montagne 28 state, from observations on the change in 

t carbon dioxide at pressures between 0.3 and 20 mm. of mercury when 

‘acted to a spark discharge, is decomposed into carbon monoxide and ORyERN 

. tinge dissociation of 90 percent is attained. About 20 per cent of the energy 

5 “8 et spark is converted into chemical energy; the remainder is dissipated. 

a BP tposition increases with the voltage and is influenced by the size and 

‘a of the containing vessel and the position of the electrodes. ‘The yield rises 

‘- aximum and falls as the capacity of the circuit decreases, and for a given 

. a the maximum yield falls off slightly as the pressure increases. 

Be kethane under a pressure of 1 to 11 mm., was transformed into ethylene and 

hydrogen 29 under a spark discharge. Apparently little industrial use has been 

de of the radiations from a spark gap, although its use as a means of generating 

Be ieaching gas for flour and cornmeal has been patented.*° 

ressure, tha 

27 For other spark apparati, see Henri, V., Compt. rend., 157, 126 (1913); Kuhn, W., Ibid., 178, 

a ale 1 182. 1026 (1926); -184; 522..(4927); 
iboi eels, d Montagne, P., Compt. rend., » A 5 : 

ey eo are die to Tepes: H., Chimie et Industrie, Special Number, June, 427, ,1933, 

cad to Jolibois, P., Ber., T1A, 73 (1938). iin 
29 Montagne, P., Compt. rend., 194, 1490 (1932). ie PA Re 

P. 510,419, Dec. 23, 1927; Chem. Abs., 25, 1008 (1931); German P. 5201, 

he 28. Bs oad ion. abe. 25, 2377 (1931); German P. 521,360, Dec. 25, 1929; Chem. Abs., 25, 2651 
1); Brabender, C. W., Mehlprobleme, 1, 6 (1932). 



Chapter 5 

The Open Arc 

Arcs may be produced between electrodes that are open to the air or enclosed 
in a vessel of glass or quartz. In the case of the enclosed arcs, the pressure may. 
be very low or it may be atmospheric or greater. 

In most arcs, the use of very high starting potentials is obviated by bringing 
the electrodes into contact (closed circuit) and then drawing them apart. The 
resistance offered to the passage of the current heats the electrodes to a temperature 
such that, when drawn apart, they produce vapors of the electrode material. The 
latter carry a bright discharge across the intervening space. The arc discharge, 
which may carry many amperes, is very hot and the electrodes become brightly 
luminous. 

The mechanical features of the arc vary with the use for which it is intended, 
as commercial illumination, spectrographic analysis, as an ultraviolet source for 
conducting photochemical reactions or for fluorescence studies. An arc which will 
emit ultraviolet energy strongly may be prepared by employing an iron rod and a 
carbon rod for the two poles. Also, two iron rods may be used. These poles are 
cooled by means of heavy brass or copper sleeves, which may be moved along the 
iron rods as the latter are consumed. Thus, the upper pole (negative) may be an 
iron rod about one-quarter inch in diameter. This rod is surrounded by a movable 
but well-fitted sleeve of copper about one inch in diameter with hollowed end. 
One pole should be adjusted vertically. In preparing the arc, a bead of molten 
metal is developed in the dished end of the lower electrode. The uppér electrode 
is well cooled and the arc is maintained very steadily between the bead of molten 
iron and the upper solid electrode. Luckiesh has had such an atc operate at a 
rather high current density for thirty minutes without any adjustment. 

ELECTRICAL CHARACTERISTICS 

Metallic arcs in general will not burn on alternating current. The carbon (but 
not the graphite) arc will, however, burn on alternating currents at potentials as 
low as 80 volts. On direct current, the carbon arc burns with voltages as low 
as 37. Iron and copper arcs require higher voltages, 80 and 90 at least. Arcs 
between electrodes of materials with good thermal conductivity tend to extinguish 
readily. : 

A number of observers have developed empirical equations for the relation 
between the length of the arc and the voltage, or between the energy, current, 
voltage and arc length.t The Ayrton equation for the carbon arc, V=A+B /I, 
has been made more accurate and more general by Nottingham by raising the 
current J to a power nm. A and B are constants depending upon the are length 

1 Ayrton, Mrs. H., “The Electric Arc,’”? Chapter IV, New York, van Nostrand, 1902; Malcolm, 
H. W., and Simon, H. T., Physik. Z., 8, 471 (1907); Steinmetz, C. P., Trans. Am. Inst. Elec. Eng., 
802 (1906); Bramhall, E. H., Phil. Mag., 13, 682 (1932); Nottingham, W. B., Am. Inst. Elec. Eng., 
42, 12 (1923); Phys. Rev., 28, 764 (1926); Anderson, S. H., and Kretchmar, G. A., Phys. Rev., 26, 
33 (1925); Doan, G. F., and Myer, J. L., Elec. Eng., Sept., 1932; Sommer, J. jn atid. Bott, J.. 
Physik. Z., 34, 324 (1933); Kotecki, A., Acta Phys. Polon., 4, 113 (1935). 
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e equation applies if the anode is very hot. The power m is a 

and sent i the pailine or sublimation point of the metal of the anode. 

ee a copper, 1.38 for tungsten, and approximately 1 for carbon, the latter 
It is © for the success of the Ayrton equation. The dependence of this con- 

tu ‘ua the nature of the anode led Myer ? to suggest that the anode may have 

. rhe ortant role in the arc mechanism than most theories of the arc dis- 

: a : Gerald imply. Alterthum and Ewest? believe that the anode exerts an 

nt effect over the entire discharge, for by preheating the anode, the 
. and operating voltage of the arc can be ereatly reduced. Hagenbach and 

i, Rem 4 stated that in normal arcs, the anode is boiling during discharge. The 
‘Gag of the equation also shows that an increase in the current is accompanied 

Es drop in the potential, showing that Ohm’s law does not apply to conduction 
e arc. | uate 

I a heavy currents, above ten amperes, the voltage approaches the limiting 

value A. The pressure of the gas is also a factor. The required potential increases 

continuously with the pressure; the values at ten atmospheres may be 15 to 20 

yolts greater than at one atmosphere.° | 

The theory of the mechanism of the arc discharge has lagged somewhat behind 

practice. The development of the quartz mercury-vapor arc was based to a large 

extent upon empirical observations and trial and error ieee The theory 

of the open arc is still the subject of many controversial statements. The develop- 

ment of arc theory may be approached through a consideration of the Simcoe 

of glow discharge at low pressures, which has been summarized by Dushman, 

Langmuir,® and by Pirani.? | 

The various easily recognizable regions of the glow discharge are also found in 

arcs through gases at low pressures but are masked in the high-pressure or open arc. 

The theories of the latter are, however, based upon the application of principles 

derived from the study of the glow discharge. The fundamental processes of the 

emission of electrons from hot cathodes, the liberation of electrons by thermal 

ionization of atoms and molecules of gases, the acceleration of electrons in potential 

fields and the results of impact of electrons with atoms and molecules leading to 

excitation and the emission of radiations, all are encountered in high-pressure or 

open arcs as they are in the glow discharge. Complications in study of open arcs 

arise from such effects as the high temperature glow of the electrodes, vaporization 

and sputtering of the electrodes and combustion in the flame of the arc. 

Thermionic emission of electrons from the cathode, heated by positive ion bom- 

bardment, has been believed adequate to account for the current densities in the 

tungsten arc or carbon arc.!9 Although the temperatures of the copper, iron and 

2Myer, J. L., Trans. Am. Inst. Elec. Eng., 52, 250 (1933). 

8 Alterthum, H., and Ewest, H., Z. tech. Physik, 9, 221 (1928). 

4Hagenbach, A., and Langbein, K., Arch. Sci., 1, 48 (1919). 

5 See also Anderson, S. H., Phys. Rev., 29, 750 (1927). 
6 For a detailed earlier account, see Compton, K. T., J. Am. Inst. Elec. Eng., 46, 868, 1192 (1927). 

7™Dushman, S., Elec. Eng., 53, 1204, 1283 (1934). 
8Lanemuir, I., Gen. Electric Rev., 38, 514 (1935). | ait ALS. 

9 Pj i, M., Z. angew. Chem., 44, 395 (1931); Lex, E., Pirani, M., an ompe, R., Naturwiss., 
23, 393 (1935). See are for greater details, Langmuir, I., and Compton, K. T., Rev. Mod. iE DIRICS, 
3, 191 (1931); Found, C. G., and Forney, J. D., J. Am. Inst. Elec. Eng., 47, 747, 855 ae 
Kirschstein ine and Koppelmann, F., Z. tech. Physik., 15, 604 (1934), and the books, Kohler, W., and 
Rompe, R. "<Die Elektrischen Leuchtrohre,”? Vieweg, 1933; Seeliger, R., Physik der hgeeieeri ec 
Leipzig, Barth, 1927; Darrow, K. K., ‘Electrical Phenomena in Gases,” Baltimore, Williams an 
Wilkins, 1932. . 

10 Nottingham, W. B., J. Frank. Inst., 205, 811 (1928); Mason, R. C., Phys. Rev., 38, 427 (1931). 
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nickel arc cathodes have been found to lie near the boiling points of these metals 11 

such temperatures are said to be too low to produce sufficient electrons to give the 
observed current densities.12 Furthermore, so-called “cold cathode” arcs are known 
to be obtainable.t? Slepian reported that the arc current to the cathode may be 
carried by positive ions resulting from thermal ionization of the gas, in accordance 
with the Saha equation. The necessary temperatures of 6000 to 7000° were 
assumed to exist in a thin layer of gas next to the cathode. Langimuir 14 introduced 
a different theory in which electrons are assumed to be drawn from the cathode by a 
very intense electrostatic field near the cathode surface set up by a positive space- 

charge sheath, a view further developed by Mackeown and Compton.15 

Much work has been done upon the relation between the potential drop at the 
cathode and the ionization potentials of the gases or vapors which emit radiations 
when the molecules or atoms are struck by the electrons. Electron densities have 
also been related to the intensities of lines or bands emitted.1® Nottingham states 
the cathode drop of 20 volts in the copper arc to correspond with the second ioniza- 
tion potential of copper vapor. In the cadmium arc, the drop, 8.4 volts, agrees with 
the ionization potential of cadmium. In the thallium arc, the drop was slightly 
higher than 6.08 volts, the ionization potential of thallium. In the carbon arc, the 
cathode fall of 5 volts agreed fairly well with the ionization potential (4.4 volts) 
of the cyanogen molecule. It may be noted, however, that others report the cathode 

drop of the carbon arc as 9 volts. That the electrons in the arc plasma could have 
the necessary velocities to give the required excitation energies implies that the 
electrons must have a greater velocity of agitation than might be expected from the 
potential gradient between collisions. The velocity of agitation of the electrons 
implies an “electron temperature.” By the use of the Langmuir probe methods, 
Nottingham 17 found this temperature to be 6000° for the cadmium arc, 8000° for 
the thallium arc and 19,000° for the copper arc, or sufficient to account for the 

observed intensities of the emitted lines.1§ | 

In the course of his work on are temperatures, Nottingham 19 developed a 
photographic method for finding the area of the hot spot on the cathode from which 
the arc passes. This area appeared to increase in proportion to the total current, 
so that the current density remained constant. In the arc itself, a magnetic field due 
to the current tends to concentrate the discharge about a longitudinal axis in its 
center=? “D 

The vapors distilled from metallic arcs have been studied by Rayleigh 21 and 
by Berkey and Mason.?2 Matter is lost from the cathode of an iron arc. The 
decrease in weight of the latter is not proportional to the current alone, but depends 

11 Hagenbach, A., and Langhbein, K., Arch. Gen., 461, 329 (1918); Tanberg, R., and Berkey, W. E., 
Phys. Rev., 38, 296 (1931). 

12 Slepian, J., Phys. Rev., 27, 407 (1926); peelicer, ‘R.,. Physik. Z., Bon22 (1926); 31, 691 (1930). 

18 Nicol, J., Proc. Roy. Soc., 82A, 29 (1909); Stolt, H., Z. Physik, 26, 95 (1924). 

14 Langmuir, I., Gen. Elec. Rev., 26, 735 (1923); Z. Physik, 46, 282 (1927). 

15 Mackeown, S. S., and Compton, K. T., J. Am. Inst. Elec. Eng., 46, 1192 (1927). See, however, 
Slepian, J., and Haverstick, E. J., Phys. Rev., 33, 52 (1929), and Mason, R. C., Ibid., 38, 427 (1931). 

16 See for the copper arc measurements, Bramhall, E. H., Phil. Mag., 13, 682 (1932); Ornstein, 
L. S., and Vermeulen, D., Z. Physik, 70, 564 (1931); Schmidt, R. W., Z. Physik, 106, 35° (1937); 
Robertson, R. M., Phys. Rev., 53, 578 (1938). 

7 Nottingham, W. B., J. Frank. Inst., 206, July, 1928; 207, March, 1929; 208, 192 (1929). 

18 See, however, Bramhall, E. H., Phil. Mag., 13, 682 (1932). These relations have been discussed 
more exactly in the positive columns of low pressure gas discharges. 

18 Nottingham, W. B., J. Frank. Inst., 205, 811 (1928). 

20 Northrup, E. F., Phys. Rev., 24, 474 (1907). 

*1 Rayleigh, Lord, Proc. Roy. Soc., 112A, 14 (1926). 

22 Berkey, W. E., and Mason, R. C., Phys. Rev., 38, 943, 1783 (1931). 
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n the cooling of the cathode.28 The whole surface adjacent to the bright 

butes to the loss. This vaporization of the electrodes makes their nature 

importance in determining the potential difference across an arc of 

and in obtaining the constants in the modified Ayrton equation. The 

: ort of luminous material in the arc has been studied by measuring the varia- 

‘ Pen the intensities of the spectral lines in different portions of the arc,2* as well 

4 a ric: methods.25 Very high velocities have been observed.?® 

also upo é 

of particular 

oiven length, 

SPECTROGRAPHIC Arcs 768 

An arc between iron electrodes generally is employed in spectroscopy. Baly a7 

used a horizontal arc with the iron poles mechanically rotated in opposite directions. 

The arc was stated to be capable of giving long exposures. This was a a eee 

of a device of Crew and Tatnall 2% in which one electrode comprised a rapidly 

revolving disk mounted on the armature of a motor and carrying on its dehioont i 

small pieces of the metal whose spectrum was to be observed. The ae ee 

was a rod of the same metal mounted on a fine-cut screw so that the position of the 

electrode could be accurately adjusted.” : 

The Pfund arc,2° used as a steady source for the measurements of wave-lengths 

of the iron arc, is vertically mounted. In operation, the iron arc makes a transition 

from a high voltage stage to a low voltage stage with currents of about one ampere. 

Cady and Arnold *? find the excess potential in the high voltage stage to lie in the 

anode fall. The iron arc burns at low voltages in impure argon, helium or neon, 

but cannot be struck in these gases if the latter are rigidly purified.®? | 

An enclosed iron are described as a convenient source for the standardization of 

spectral lines 3° emits a discharge in an inert gas. The latter is maintained a 

atmospheric pressure. In this manner one electrode is heated to a temperature 

sufficient to provide enough metal vapor to yield the iron spectrum. At least one 

electrode is compacted of sintered pure iron or iron compounds and contains an 

electron-emitting substance such as barium or calcium oxide. Titanium, tungsten, 

molybdenum and chromium must be absent to prevent confusion in reading the 

spectrum. A window for transmitting the radiations 1s placed on a tubular extension 

of the bulb. } ! 

Data on exact wave-lengths of the standard lines of the iron arc have been 

} 7 t. vend. 
3 i ; d liger, R., Physik. Z., 29, 864. (1928). See also Laudet, G., Comp : ; 

192, ae 4 ee actcte: jae Wiss. Verbffent. Siemens-Werken, 16, 69, 72 (1937); Chem. Abs., 

31, 7341 (1937); 32, 2034 (1938). 

"a4 Ornstein, Tes. and Koopmans, T., Proc. Acad. Sci. Amsterdam, 34, 1099 (1931); Chem. Abs., 26, 

4755 (1932). 5 

2 Tanberg, R., Phys. Rev., 35, 1080 (1930). 

26 See, e.g., Slepian, J., and Mason, R. C., Phys. Rev., 37, 779 (1931); Compton, K. T., Ibid., 36, 

706 (1930). 

26a For a summary of recent theory, Rollwagen, Spectrochem. Acta, 1, 66. (1939). 

27 Baly, E. C. C., “Spectroscopy,” Vol. 2, p. 91, London, Longmans Green and Co., 1927. 

8 Crew, H., and Tatnall, R., Phil. Mag., 38, 379 (1894). 

27 See also Neuhaus, C. J., Am. Soc. Testing Materials, Preprint No. 51 (1938); Chem. Abs., 

Bz,,6105 (1938). 
80Pfund, A. H., Astrophys. J., 27, 296 (1908). 

31 Cady, W. G., and Arnold, H. D., Physik. Z., 8, 890 (1907). 

82. Doan, G. E., and Myer, J. L., Phys. Rev., 40, 36 (1932). ly | eee 

> Driti . 401,509, Nov. 16, 1933 (Patent-Treuhand Gesellschaft fur elektrische Giuhiampen, 

es Gavel Electric Col Ltd.) ; see also Pirani, M., and Rompe, R., Z. tech. Physik, 13, 134 

(1932). 
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reported by Babcock 84 and by Burns and Walters,®5 with particular reference to 
the vacuum arc.* 

ULTRAVIOLET SOURCES FOR PHOTOCHEMICAL PROCESSES 

Temperatures and energies emitted in small tungsten arcs have been studied ‘by 
de Groot.?8 Moore 8° employs electrodes of an alloy composed essentially of 
tungsten with 1-5 per cent of titanium and 0.25-2.0 per cent of chromium. The 
tungsten arc between rods of 6.4 mm. diameter is rather unsteady and hard to keep 
in focus because of the formation of a crust of oxide around the electrode. It is 
weak in rays of less than 2300A, from which wave-length there is a gradual increase 
in intensity to a maximum at 4500A. | : 

Arcs carrying 6 amperes between 12 mm. nickel rods are said to provide quiet- 
burning sources of ultraviolet, emitting strongly at 2300 and at 3500A.4° Mac- 
donald #1 produces ultraviolet rays by means of an arc created in a vacuum from 
electrodes of gold alloyed with copper or silver. Nagaoka and Suguira #2 described 
an arc in which the cathode was a carbon rod coated with barium or strontium 
oxide, the rod being sheathed in a silica tube. Various metals or salts in a similar 
silica tube served as anode. The arc operated in a vacuum and at 1500 volts pro- 
duced rays which penetrated aluminum foil. Vaporization of the anode metal, short 
life of the arc, and the necessity of cooling the system and pumping to maintain 
vacuum were among the reported disadvantages of this arc. Albers #3 described an 
apparatus for maintaining an enclosed beryllium arc in any atmosphere at reduced 

or elevated pressures. 

THE CARBON ARC 

The carbon arc was discovered by Sir Humphry Davy, between 1802 and 1808. 
He employed a 2000-plate voltaic battery as source of current and obtained an arc 
three inches long. The development of carbon arcs has followed two chief paths. 
One is the design of steady, very brilliant arcs for motion-picture projection or for 
air-port illumination. The.second has been concerned with methods for altering the 
distribution of the intensity of the radiation within various spectral regions to meet 
special demands of industrial photochemistry. Also, the carbon arc is utilized for 
therapeutic purposes. - Much of the progress has been due to alterations in the 
carbon electrodes. 

An early advance consisted in the introduction of a central core of a soft, neutral 
composition, which stabilizes the arc stream and prevents the latter from shifting 

* What is known as the pole-effect is a slight difference in the wave-lengths of many 
lines when the arc is examined near the poles or at the center.@ The pole-effect does 
not affect ordinary analytical methods and is of importance only in precise spectro- 
graphic work. In some instances, revolving electrodes may be employed.” 

84 Babcock, H. D., Astrophys. J., 67, 240 (1928). 

8 Burns, K., and Walters, F. M., Jr., Pub. Allegheny Observatory, 6, 159 (1929); Chem. Abs., 23, 
4886 (1929). 

86 St. John, C. E., and Babcock, H. D., Astrophys. J., 42, 231 (T9158): 
87 Sventitskii, N. S., Zavodskaya Lab., 6, 325 (1937); Chem. Abs., 31, 7762 (1937). 
88 de Groot, W., Physica, 5, 121, 234 (1925); Chem. Abs., 19, 2449, 3215 (1925). For line measure- 

ments, see Laun, D. D., Phys. Rev., 48, 572 (1935). 
#° Moore, W. Gz Us S.. P. 1,872,322,- Aug. 16,1932: Chem, Abs., 26, 5857 (1932). 

Blake, G. G., British P., 279,680, Jan. 4, 1927. 
40 Coblentz, W. W., Dorcas, M., and Hughes, C. W., Sct. Papers, Bureau of Standards, 21, No. 

539, p. 547 (1926). 

“| Macdonald, R. F., British P. 206,588, Aug. 9, 1922; Chem. Abs., 18, 1090 (1924). 
42 Nagaoka, H., and Suguira, Y., Astrophys. J., 57, 86 (1923). 
48 Albers, V. M., J. Opt. Soc. Am., 19, 146 (1929). 
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the rim of the crater. Coating the carbons with copper or other metals 

s overheating. The light from either the solid or the neutral-cored carbon are 

n direct current) comes almost entirely from the crater of the positive carbon, 

es being derived from the arc stream or the tip of the negative carbon. W ith 

ad eting current, there are two craters of light, but the brilliancy and efficiency 

a P newhat less than that secured with direct current. 

about 

There have been developments in the application of refractory coatings. Thus, 

the electrodes may be placed in a silica tube and heated to: 700% Ano 4 current of 

silicon tetrafluoride at a pressure slightly above atmospheric to form a non-oxidizable 

ting which retards combustion.** Other coatings of silicon or tungsten car- 

Ries 45 or of sprayed chromium on the carbon 46 have been described. In some 

Be ences, the carbon first is covered with silvered copper, and the whole sprayed 

with chromium. The use of a cellulose lacquer coating to prevent the aes 

of water on the carbon, which causes flickering, has been proposed by Wilson. 

As the arc passes, the positive terminal becomes hollowed out.to.a crater, As the 

negative terminal remains pointed. According to Griffith, Taylor and Jack the 

fame of the arc contributes most of the radiation which is effective therapeutically. 

The efficiency of the arc increases to a limiting value with flame length, above which 

the efficiency is independent of flame length. The ultraviolet emission is a function 

of the watts consumed in the flame of the arc. 

A high intensity carbon arc, intended for motion picture projection in large 

theatres, comprises cored # mm. positive carbons (without metallic coatings ) and 

smaller copper-coated negative carbons.*? The arc is operated with a horizontal 
positive carbon, continuously rotated to maintain a well-formed crater. The cathode 

is placed at an angle 40-60° below the horizontal. Arc currents of 60 to 190 amperes 
are employed at 45 to 90 volts, dic. The spectral energy distribution is said to be 
similar to that of sunlight. The crater furnishes 70 per cent of the light, the remain- 

der coming from the tail-flame. The color and brilliancy of the light indicate a tem- 
perature of 5500°C. Since this is higher than the vaporization temperature of 
carbon, the source must be other than the solid tip of incandescent carbon. Alter- 
nating current high intensity arcs have been developed. High intensity carbons 
usually are cored with cerium fluoride or some similar material. The very high 

current densities require the use of oxides, fluorides, etc., in a central rod, embedded 

in the carbon.5° Only difficultly vaporizable substances may be used in the core. 

Alkalies must be avoided as they are detrimental to the brilliancy of the crater.5! 

Beck has described the construction of a negative electrode for high intensity arcs.®? 

Temperatures in the arc may be estimated by a study of the intensities of band 

44 Singleton, W., and Hare, A., British P. 248,167, March 17, 1925 (General Electric Co., Ltd.). 

457. G. Farbenindustrie, German P. 578,501, June 14, 1933. 

46C,. H. Champion and Co., Ltd., and Champion, C. H., British P. 406,434, March 1, 1934. 

47 Wilson, W. N., British P. 395,073, July 13, 1933. 

48 Griffith, H. D., Taylor, J. S., and Jack, J. M., Brit. J. Radiology, 23, 203 (1927); Chem. Abs., 
21, 3830 (1927). 

49 Kalb, W. C., Elec. Eng., 53, 1173- (1934); 56, 319 (1937). See also Bassett, ‘P. R., Trans. Am. 
Electrochem. Soc., 44, 153 (1923). The toxicity of the fumes from such arcs appears to be due 
primarily to nitric oxide, carbon monoxide being negligible, according to MacQuiddy, E. L., Tollman, 
J. P., LaTowsky, L. W., and Bayliss, M., J. Ind. Hyg. Tosicol., 20, 297, 312 (1938); Coltman, R. W., 
Ibid., 20, 289 (1938). 

50Orne, S. W S. P. 1,867,524, July 12, 1932; Chem. Abs., 26, 4544 (1932); Dorcas, M., a hdis 
mes. P, 1,920,921, Aug. 1, 1933; Chem. Abs., 27, 4746 (1933). 

51 British P. 285,424, June 19, 1929 (Compagnie Lorraine de Charbons pour |’Electricité); see also 
U. S. P. 1,952,810, March 27, 1934; Chem. Abs., 28, 3317 (1934), and British P. 475,252, Nov. 16, 
1937; Chem. Abs., 32, 3280 (1938). 

® Beck, H., U. S. P. 1,991,998, Feb. 19, 1935. 
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spectra.°? Ornstein and Brinkman °4 concluded from the intensity of the cyanogen 
bands at 3884 and 4216A, that the violet kernel of the carbon arc shows a tempera- 

ture of 6500°K. Lower temperatures of 2950 to 3600° were obtained when the 
bands of AlO were produced by filling the anode cup with alumina and carbon. 
Other results indicated the arc gases to have temperatures exceeding those of the 
electrodes, showing that the high temperature of the gas plays an essential role in 
the discharge mechanism.°® By a method based upon the reflectivity of carbon, 
Warmuth °© calculates the temperature of the positive crater to be 3740°C. 
Chaney, Hamister and Glass *”? find the temperature of the positive crater to 
approach as a limit the sublimation point of pure crystalline graphite. They state 
the maximum brightness temperature of the carbon crater is probably 3810°K or 
40° higher than that found by Waidner and Burgess. The true crater temperature 
they believe to be between 3925 and 3970°K ; 
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ONE SQUARE REPRESENTS Ew 

2500 MICROWATTS PER SQ CM. 

AT ONE METER O/STANCE 

120 
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60 

Ficure 11. Spectral Energy Dishabatior Curves of Sunlight and High-intensity Carbon — 
Arc (Greider, Industrial and Engineering Chemistry). 

Ryde °® found that in arcs with a positive carbon cored with calcium fluoride 
and operated at current densities greater than the limiting current densities for 
ordinary carbons, a bright central core develops in the arc stream. In the central 

core, the spectra of neutral carbon, nitrogen and oxygen, the Balmer series of 

53 vy, Engel, A., and Steenbeck, M., [Naturwiss., 19, 212 (1931); Chem. Abs., 25, 2357 (1931)], use 
the absorption of x-rays. 

54 Ornstein, L. S., and Brinkman, H., Naturwiss., 19, 462 (1931); Proc. Acad. Sct. Amsterdam, 
34, 33, 498 (1931); Chem. Abs., 25, 3567, 5842 (1931). 

53 Ornstein, L. S., Brinkman, H., and Vermeulen, D., Proc. Amsterdam, 34, 764 (1931); Ornstein, 
lL, Sy Physik. ee 32, 517 (1931); Ornstein, L. ‘Brinkman, H., and Beunes, ee Physik, dis ube 
(1932); Mason, R. C. Physica, 5, : Weed (1938); Chem. Abs., 32, 8364 (1938). For determinations by 
other methods see Hérmann, H., Z. Physik, 97, 539 (1935). Lochte-Holtgreven, W., and Maecker, H., 
[Z. Physik, 105, 1 (1937)] raise the values from cyanogen bands to 7600° for the normal and to as 
high as 8700° for an over-run arc. See also Khlebnikova, L. Y., J. Exptl. Theor. Phys. (U.S.S.R.), 
d 1220 (1937); Chem. Abs.,.33, 4866 (1939); Khramova, E. F., J. Exptl. Theor. Phys. (U.S.S.R.), 
8, 176" (1938); ‘Chem. ADSi, 33, 4866 (1939). 

56 Warmuth, K., Wiss. Vorb Rentticn. Siemens-Konz., 7, 307 (1928); Chem. Abs., 23, 316 (1929). 

57 Chaney, N. K., Hamister, V. C., and Glass, S. W., Trans. Electrochem. Soc., 67, 107 (1935). 

58 Ryde, J. W., Proc. Roy. Soc. London, 117A, 164 (1927). 
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en and some argon lines are excited. Of the two chief band systems, 1.e., the 

hydr Binds and the cyanogen bands, the former are strongly excited close to and 
- the positive carbon, but do not appear at all in the arc stream under normal 
inst SD tccis. The origin of the cyanogen bands is well established, since they are 
con F when the arc is operated in a gas free from nitrogen. The Swan bands 

: to be formed by Cy.5® An increase in current rapidly increases the intensity 

of the cyanogen bands. 

The distribution of energy in the ee arc operated under various conditions 

has been determined by Greider,®° who employed a quartz monochromator tor the 

region between 2300 and 7000A and an infrared spectroradiometer between 6000 

and 12000A. The relative energy distribution curves were converted into absolute 

enet ey unit curves by a method involving the use of a galvanometer and ther- 

HT ANGLE Mi ART 

le) itac) SVATS OC, 

PECTRAL ENERGY DISTRIBUTION CURVE 
See 

eoueges 
pa 

anes ie 

8000 10000 
ANGSTROM UNITS 

Figure 12. Spectral Energy Distribution Curves of Plain-carbon Arc, Burned under 
Low-intensity Conditions (Greider, Industrial and Engineering Chemistry). 

-mopile.61 In the curves reproduced in Figures 11 and 12, unit areas represent unit 
amounts of energy, so that the intensity between any two wave-length limits may be 

estimated by measuring the corresponding area under the curve. 
Figure 11 compares the energy distribution from a 13.6 mm. high-intensity arc 

operated at 125 amperes and 80 volts d.c. with that of normal sunlight. Each square 
represents 2500 microwatts per sq. cm. at a distance of one meter. The agreement 

is quite remarkable, the chief difference being in the greater output by the arc of 
radiations shorter than about 4500A. The spectrum also extends to a shorter wave- 
length limit, although this forms but an insignificant fraction of the total radiation 

from the arc. 

Johnson, R. C., Nature, 116, 539 (1925); Johnson, R. C., and Asundi, R. K., Proc. Roy. Soc., 
London, 124A, 668 (1929). 

BO Gréider, C. E., Ind. Eng. Chem., 23, 508 (1931); for a discussion of the methods employed in 
such measurements, see Chapter 7. 

 Greider, C. E., and Downes, A. C., Trans. Illum. Eng. Soc., 25, 378 (1930); 27, 637 (1932). See 
also Mandel’shtam, So bs Compt. rend. acad. sti. URS .S5 18; 559 (1938). 
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The energy distribution of the plain carbon arc with poles at right angles and 
carrying 30 amperes at 55 volts is shown in Figure 12 in which each square repre. 
sents but one-tenth of the energy of the previous figure. 
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Ficure 14. Spectral Energy Distribution of Therapeutic B Carbons. 

The “C” carbons contain in the core a mixture of metals including iron, nickel. 

62 Bassett, P. R., Trans. Electrochem. Soc., 44, 153 (1923). 

carbons are used for ultraviolet therapy as they have an even distribution of 

8 Dorcas, M. J.,. U. S. P. 1,862,300, June 7, 1932. 

hollow shell tube of carbon is formed and baked at 1400°C. Into the tube is then 

forced the core and the whole heated. These carbons give a series of groups of very 

and aluminum. Dorcas 6 has described the preparation of these electrodes. 

the incandescence of carbon craters, but is relatively low in intensity. 

50 volts, a.c., is said to give two to seven times as much biolo 
radiation through the physiologically active range. 

violet energy as do mercury arcs. 

intense lines in the ultraviolet 

visible region. 
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Also the maximum intensity lies much farther toward 

spectrum from the arc stream, giving peaks at 2500 and 3900A. When a plain 
vertical carbon arc is utilized, there is found to be relatively less continuoys 

at a longer wave-length. There appears also a larger amount of the line or band 

radiation from the craters. 

temperature, so that the total intensity is lower, and the intensity maximum occurs 

y Distribution of Sunshine Carbons. 
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Figure 13 gives the energy distribution of Sunshine carbons which contain 
cerium in the core. 
increase of energy in the ultraviolet, increasing gradually in intensity from about 
2900. to 4000A. There is a fairly uniform intensity at a much lower level, from 
about 4500 to 8000A, due to lines so closely packed together as to yield a nearly 

distributed throughout the carbon or, more commonly, are concentrated into a 

continuous spectrum. 

into a versatile source of radiation by the addition to the electrode of various sub- 

central core. 

the infrared than with high intensity carbons. 

stances, which may be vaporized into the arc. 
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Gabor ® describe an arc in which at least one electrode containing silver is used in 
conjunction with various filters. This arc was stated to produce a strong spectrum 
between 3300 and 3600A, lines of wave-lengths less than 3200A being practically 
absent. The arc was intended for use in the stimulation of plant growth. (See, 
however, Chapter 44.) 
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Figure 18. Spectral Energy Distribution of Therapeutic U Carbons. 

For therapeutic radiations, Chesney 7 employs carbon with iron carbide and at 
least two ferroalloys of metals, such as uranium, tungsten, vanadium, molybdenum, 
yttrium, titanium, tantalum and zirconium, having complementary spectra rich in 
ultraviolet. E. and O. Conradty 7 add bismuth or a salt of bismuth to the core of 
a carbon arc. 

Lavoisier ™ uses as one electrode a dehydrated and glazed mixture of zirconia 
and yttria. Volmer 73 uses electrodes of metal oxides, nitrides, carbides or silicates. 

Reiter, T., and Gabor, D., U. S. P. 1,856,969, May 3, 1932 (to Siemens and Halske, A.-G.); Chem. Abs., 26, 3447 (1932). 
0 Chesney, Ji. U. S.:P. 13838;7417 “Dec. 29) "1931 (to- UV. Generator Corp.); Chem. Abs., 26, 

1202 (1932). 

“ Conradty, E., and Conradty, O., French P. 710,913, Feb. 6, 1931; Chem. Abs., 26, 1526 (1932). 
aoe I. J.. U. S. P. 1,682,847, Sept. 4, 1928 (to Burdick Corp.); Chem. Abs., 22, 3848 

*% Volmer, M., British P. 418,988, Oct. 29, 1934; U. S. P. 2,074,600; Chem. Abs., 29, 2454 (1931). 
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Ficure 19. 

Industrial Carbon Arc. 

(Courtesy National Carbon Co., Inc.) 

| ales 
Unusual designs of carbon arcs have been proposed. ew ae SE a 

rotating arc and Pierucci7® employed an electrolyte as a electrode o ‘e a 

ati thschild ™7 direct gas currents a 
nating current carbon arc. Rocard and de Ro 

the Be rodes. According to Gauthier, Le Bozec and Dubois,*® a pai Air nee 

flame arcs comprises a hollow annular ring in which a cooling liquid flows c 

™ Moore, W. G., and Hole, K. W., British P. 450,552, July 20, 1936; Moore, W. G., British P. 

245,872; Chem. Abs., 21, 363 (1927). aes 

% Pauthenier, Compt. rend., 180, 1834 F 

% Pierucci, M., Nuovo cimento, 12, 1 (1935); Chem. Abs., 29, 3607 tae 

7 Rocard, Y. A., and de Rothschild, 'P., British P, 287,160,.. March. 17, o au 

% Gauthier, G., Le Bozec, L., and Dubois, Ri, U.S. P. .1,793,605,. Feb. j : 

2061 (1931). 
Chem. Abs., 25, 
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tinuously. An apparatus for producing an electric arc in which a gaseous hydro_ 
carbon is led between two concentric carbon electrodes has been described.79 

For commercial arcs intended as photochemical sources, some type of automatic 
feed for one or both of the poles is necessary to keep the arc length constant though 
the pole materials suffer destruction. In some instances an electromagnetic device 
is employed which alters the distance between poles as the current through the are 

Ficure 20. 

Eveready Model A-2 Carbon Arc 

Lamp. 

(Courtesy National Carbon Co., Inc.) 

changes. A method based upon thermostatic control has been advocated by 
Patterson.8° Photoelectric control 81 has also been proposed.8? , 

Industrial arc installations have been developed by the National Carbon Co. 
(Figure 19,)88 Such arcs are reported to operate for ten hours or more without 
attention, and to be capable of remote or automatic control. It is claimed the ultra- 
violet shorter than 4000A can be produced by this arc in commercial quantities with 
a switchboard efficiency of over 12 per cent. A typical medium-sized unit uses 3 
* ne eer ecningsgeel achat German P. 579,682, June 29, 1933; Chem. Abs., 28 

#0 Patterson, M. L. U.S. P. 1,778,770, Oct. 21, 1931; Chem. Abs., 25, 6 (1931). 
81 Lennox, E. A., British P. 383,853, Nov. 24, 1932. 

? 

oe oe 1934; en HB. BB. UV; 
erke, Britis . 390,624, April 13, 1933; Robinson, F. W., British P. 379,524 Sept. 1, 1932; Zeiss Ikon, A.-G., British P. 381,452, Oct. 6, 1932; 414,316, Aug. 2, 1934; 408,597, Feb. 8 1934; Prot, Fu British P, 396,876, Aug. 17, 1933; Anderson, N. J., and Rigby, R., Ltd., British P. 391,059, April 20, 1933; Cricks, Rigby and Rigby, Ltd., British P. 00,692, Nov. 2,:1933: Volmer, M. U. S. P. 2,004,680, June 1, 1935; British P. 418,988, Oct. 29, 1934. | =m tae 
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(59 volts, 60 amperes) directly from a 220-volt auc. line through trans- 

kilowa®”* With “C” carbons, it would give about 50 X 10-6 watt per square milli- 

at one meter horizontal distance from the arc) of radiation shorter than 

About half of this radiation is in the ultraviolet range. Each square meter 

e are 12.5 such around the arc) can be irradiated with 25 watts of ultra- 

(and ther Such units are of value in the food and stock- and poultry-feed industries. 
«jolet. 
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Ficure 21. Curves of Uniform, High-intensity Sunshine Carbons. 

Arc lamps with special housings are available (Figure 20) equipped with a 

removable Corex D glass filter for lessening the output ot radiations shorter than 

2900A. The lamp uses 115-volt, 60-cycle alternating current. Figure 21 indicates 

the intensities of the 2900 to 3100A radiations at various positions with respect to 

the center of the beam, as compared with their intensities in average sunlight. A 

simpler form of arc lamp (Figure 22) is also utilized. These lamps may be equipped 
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with adaptors and applicators for irradiation of small areas. (Figure 23.) Large 
motor-fed solarium units (one-arc, two-arc and four-are types) make possible the 
treatment of from 18 to 20 patients at one time (Figure 24) and are in use in many 
hospitals, schools and sanatoria. Such units,84 also adapted to clubs and swimming 
pools, use carbons 12 feet long. The arc burns between only one pair of carbons at 
a time, shifting to another set every half hour as the carbons burn back. One trim 

(Courtesy National Carbon Co., Inc.) 

Ficure 23. Adaptor and Applicators for Model L-1 Lamp. 

FIGURE 22. 

Eveready Model L-1 Lamp. | 

of carbons burns continuously for 12 hours if operated at 45 amperes, ten hours at 
60 amperes or 8 hours at 90 amperes. 

An arc for splitting hydrocarbon gases to acetylene and hydrogen and for synthe- 
sizing hydrogen cyanide has been described.8° The zinc-graphite arc has been 
employed under liquids as a reducing agent.86 Under carbon disulfide, the optimum 
yield of carbon subsulfide was almost 50 per cent of that represented by the reaction: 

8 Kalb, W. C., J. Am. Inst. Elec. Eng., 49, 1031 (1930). 
8 Soc. pour l’ind. chim. Bale, German P. 607,331, Dec. 21, 1934; British P. 389,761. See also 

Briner, E., Desbaillets, J., and Paillard, H., Helv. Chim. Acta, 21, 115 (1938). 
86 Stock A.. Brandt, A., and Fischer, H., Ber. 58B, 643 (1925). 

Ficure 24. Solarium Carbon-Arc Equipment. 
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3CS_. + 4Zn-—>C3S.+4ZnS. With silicon tetrachloride, a stationary aluminum 
cathode and movable zinc anode, the main reaction at — 55° to —15° consists in the | 
production of zine chloride and silicon, a minor portion of the silicon tetrachloride 
being converted into hexachlorodisilane. Under similar conditions, phosphoryg 
trichloride yields yellow phosphorus and zinc chloride, together with small amounts 
of phosphorus dichloride, PgCly. Boron trichloride is converted into boron; to a 
minor extent a chloride, By.Cl,, is produced but the latter was not freed completely 
from silicon tetrachloride, present as impurity in the boron trichloride used. 

Maslowski and Regulski 8" have produced zinc nitride, ZngNos, by an arc betweep 
zinc electrodes in nitrogen at a pressure below 25 mm. 

Under-water operation of an arc has been employed as a method for disintegrate 
ing the electrode materials. This is the basis of the Bredig method for the prepara- 
tion of colloidal suspensions, the details of which have been summarized by — 
Svedberg.®® Carter and Campbell 8° have studied the gaseous products formed dur- 
ing the operation of the carbon are under water. The average composition of the 
products was 9.8 per cent carbon dioxide, 18.1 per cent carbon monoxide, 3.3 per cent 
oxygen, 49.3 per cent hydrogen, 3.2 per cent saturated hydrocarbons and 14.6 per ; 
cent residual gas, mostly nitrogen. Finely dispersed graphitic acid also was formed. — 

Plotnikow °° has described accessory equipment for rendering large and small 
carbon arcs suitable sources for the demonstration of the phenomena of ultraviolet 
fluorescence. With suitable filters, carbon arcs can be used as sources of infrared 
for clinical photography. : 

The carbon arc may also be employed in spectrographic analysis. The material | 
to be tested may be placed within a hole drilled in the lower carbon electrode. 
Details of analysis are found in manuals of spectrographic analysis.21 Acheson 
graphite electrodes, 0.6 mm. in diameter and 5 cm. long, are recommended. Special 
precautions must be taken in the purification of these electrodes.92 Heat treatments _ 
usually are employed. The common impurities in the electrodes include vanadium, 
lithium, strontium, calcium, iron, titanium, barium, aluminum, boron, copper, mag- 
nesium, manganese and silicon. 

87 Maslowski, K., and Regulski, H., Compt. rend. soc. polonaise bhys., 3, 87 (1927); Chem. Abs., — 
23, 5114 (1929). 

88 Svedberg, T., ‘“Methoden zur Herstellung Kolloider Lésungen Anorganischer Stoffe,’ Dresden, 
Steinkopff, 1922. 

eiC atter, 11. .D.,, and Campbell, A. N., Trans. Electrochem. Soc., 63, 419 (1933). 
90 Plotnikow, I., Z. Elektrochem., 35, 434 (1929). For a discussion of syntheses conducted in 

electric discharges, see Schenk, W., Angew. Chem., 50, 535 (1937). 
ott ceauay Nitchie, C. C., Ind. Eng. Chem. (Anal. Ed.), 1, 1 (1929); Wilhelm, H. A., Ibid., 10, 938). aie 

® Hleyne, G., Angew. Chem., 45, 612 (1932); Moritz, H., Zenir. Mineral. Geol., 1935A, 284; 
Roach, F., Nature, 139, 547 (1937); Russanow, A., Z. anorg. allgem. Chem., 219, 332 (1934); Webb, 
D. A., Nature, 139, 348 (1937); Staud, A..H., and Ruehle, A. E., Ind. Eng. Chem. (Anal. Ed.), 
10, 59° (1938); Owens, J. S., Peake, J. S., and Fowler, R. -G., U.S. P. 2,117,497, May. 17, 1938; 
Chem. Abs., 32, 4889 (1932). Dow Chemical Co., British P. 496,615, Jan. 3, 1938. 

% Maltby, J. G., Chem. & Ind., 1937, 220; Standen, G. W., and Kovach, L., Jr., Proc. Am. Soc. 
Testing Materials, 35, Pt. 2, 79 (1935); Gatterer, A., Z. ver. deut. Ing., 80, 129 (1936). - 
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rounded by dark mercury vapor. 

Chapter 6 

Enclosed Vapor Arcs. The Quartz 
Mercury-vapor Arc 

Enclosed gas and vapor arcs, of which the mercury-vapor arc is the most widely 

differ from the open arcs of the previous chapter in that the enveloping tube 

lb makes the pressure of the gas or vapor in the arc-conducting stream inde- 

dent of that of the external atmosphere. The transparency of the envelope also 

“2 the radiations available from such arcs. If, as is generally true, the arc vessel 

i in liquid or solid form a relatively large quantity of the element, usually 

cy the vapor of which forms the conducting medium for the arc, the vapor 

: Bice will depend upon the operating temperature of the arc. The voltage drop 

o. the arc is dependent, as discussed in the preceding chapter, not only upon the 

ete of the electrodes, the cathode exerting the predominant effect, but also upon 

merc 

the nature of the gas or vapor, and its pressure.. If the vessel contains a supply of 

ynvaporized mercury, the pressure is the vapor pressure of the iow. at the 

temperature at any time, being very low when the arc is cool, and atmosp eric or 

ereater under certain conditions of operation. When the pressure 1s low, the arc 

When, after a starting period, the pressure of the mercury 

r rises, the arc becomes constricted to a narrow bright luminous stream, sur- 

This absorbs certain of the mercury lines by self- 

reversal and thus alters the energy distribution between the various mercury lines. 

The mercury arc emits predominantly only a few intense lines, superposed upon 

a weak continuous spectrum, which is neglected in much photochemical work. 

Under certain conditions, a less-important banded spectrum may be observed. About 

6 per cent of the total energy is of wave-lengths less than 2900A. Figure 25 shows 

a photograph of the spectrum of a quartz tube mercury arc, and Figure 26 shows 

the relative intensities of the prominent lines of the spectrum. The relative inten- 

sities of these lines are modified by the operating conditions. | 

The condition of the conducting gas does not limit the current as does the 

resistance of an electric lamp filament, so that a resistance must always be placed 

in series with a gaseous conduction discharge in order to operate tt. | 3 

Since the mercury are came to be recognized as a reliable source of light of 

~ short wave-lengths, the number of types of lamps embodying its use has increased 

rapidly. | 

Bh cscty forms of the mercury arc were direct outgrowths from the open arcs 

discussed in the previous chapter and had both electrodes of mercury. In time, it 

was found advantageous to replace the anode by some other metal. More recently, 

the tendency has been to avoid the use of mercury cathodes as well, and employ only 

mercury vapor for the conduction of the discharge. Lamps of this type will be 

discussed in Chapter 8. 

65 
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EARLY History or THE Mercury ARC 

Perkin* considers the observation that a brilliant light is emitted when mercury jg 
vaporized in an electric arc to have been made originally by Wheatstone who, in 1835, 
described the characteristics of such a light before the British Association. 

Trans. Electrochem. Soc., 65 (1934), 143. T Tham. Bag Son Prep tele” ae ee ee 
nS. ectrochem. Soc., : ; Trans. um. Lng. Soc., Preprint, 1932; 30, 147 (1935). (See also. Ferguson, J. B., “The Quartz Mercur : ; : ; y Vapor Lamp’: London: Lewi d ., Ltd; 

and also Pierce, R: F., Illuminating Engineer, 6, 133 (1911). swam aut 16 
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was standardized, iron was adopted as the positive electrode material, and an auto- 
matic starting device was introduced. Between 1907 and 1910, a commercial form — 
of alternating current lamp was developed, and in the latter year a fluorescent — 
reflector was put on the market. During the succeeding period a so-called ortho. — 
chromatic lamp and a quartz mercury lamp were developed, and the problem of 
operating the alternating current lamp on a high power factor was solved. 

Use as a Polariscopic Source. About the earliest use adopted by the — 
chemist for the mercury arc was as a source of light for work with the polariscope 
and other optical instruments.® At present, the tendency is to employ any usua] — 
laboratory quartz mercury arc for this purpose. Naumann 6 finds the intense light 
of the modern mercury lamp to increase the accuracy of such work from two to 
three times. | 7 | 

Arcs started by tilting have the disadvantage of requiring a readjustment of the 
slit of any fine optical apparatus after having been put into operation. To avoid 
this, Harries and v. Hippel? devised a bright, automatic starting arc which burns 
in any position. In a lamp possessing such an arc, a heating element produces 
a bubble of vapor which breaks a column of mercury in a capillary, thereby starting 
the arc. Such operation was based upon a lamp developed by Soltan ® but differed 
in having an extension vessel which permitted the arc to be operated in any. 
position, as well as in having an automatic starting device. The use of a-narrow 
tube and high pressure made the usual operating current of the lamp, run at 110 
volts, only 150 milliamperes. 

Since lines in the visible region are commonly employed in polarimetry, a 
quartz arc is not necessary. A compact glass lamp of high intensity, steady 
operation and suitable for many optical investigations has been described by 
Balinkin and Wells.2 It is a two-legged tube, the lower legs containing the mer- 
cury electrodes of unequal heights, the positive being the higher. A vertical tube 
above this serves as a condensing chamber. Constrictions in the lower limbs _ 
serve to retain mercury in the lower portions when the lamp is tilted for starting 
and so prevent the arc striking to the sealed-in tungsten wires, overheating them, 
blackening the walls or cracking the seal. A ballast resistance is used to keep 
about one ampere at 35 volts across the terminals. Part of this resistance is cut_ 
out during the first half-minute after the lamp has been started by tilting, so that 
for a brief period the newly formed arc carries three amperes. | | 

Simple Arcs Developed in the Laboratory for Photochemical Studies. 
That the mercury arc might prove a valuable source for studying photochemical — 
reactions in the ultraviolet were it enclosed in quartz soon became apparent. Such 
lamps were manufactured by Heraeus of Hanau in Germany as early as 1905 but, 
because of the expense of the quartz tubing, they remained laboratory curiosities 
for several years. As silica tubing became available, such lamps were used occa-. 
sionally in a few laboratories. Recently, a number of workers have resumed 
investigations with laboratory-made quartz mercury arcs. 

Among the first to employ a mercury arc as a source for effecting photochemical | 
changes was Fischer,!° who used it in studies on the formation of ozone. He 

5 Disch, J., Ann. Phys., 12, 1155 (1903); Schénrock, O., Z. Verein. Deutsch. Zuckerind., 53, 652 
(1903); Lowry, T. M., Trans. Faraday Soc., hg (e074 1912). 

& Naumann, H. N., Biochem. Z., 229, 269 (1930). The Osram high pressure mercury lamp is a 
satisfactory source for ultramicroscopy, according to K. Hoffmann, Kolloid Z., 83, 9 (1938). 

7 Harries, W., and v. Hippel, A., Physik. Z., 33, 81 (1932). 
8 Soltan, A., Compt. rend. Pol. Phys., 4, 301 (1929). 
° Balinkin, I. A., and Wells, D. A., Rev. Sci. Instruments, 3, 388 (1932). 

10 Fischer, F., Ber., 38, 2630 (1905). 
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usted double-walled quartz cylinder B (Figure 27) with sealing wax 3 : ; x 

—4xed an i of a surrounding cylindrical glass vessel A, connected with an alt 

- jnto the a tube F. The anode consisted of an iron ring K, surrounding the 

ump PY linder and suspended by means of two platinum wires fused into the walls 

yartz CY vessel. Mercury in the bottom of the latter served as cathode. The 
of the gees erated at 20 volts and 5-amperes, and was started by means of an 

eiamp we* Arrangements were made to cool the lamp both internally and 

; ae that the temperature in the interior of the lamp was kept down, thus 

ning a low density of the mercury vapor. 
mai 

FicuRE 27. 

Fisher’s Lamp for Formation of 

Ozone. 

Chapman, Chadwick and Ramsbottom 11 employed a similar principle in mies 

ing gas reactions in a quartz bulb (Figure 28) enclosed in a glass oe amp 

in which the cathode was a pool of mercury and the anode a short cylinder of iron 

suspended in the upper part of the exhausted glass container. A somewhat bia 

complex lamp, although very similar in principle, was used by Coehn and Bec er 

in their work on the oxidation of sulfur dioxide. (Figure 29.) The lamp consists 

of a glass vessel (4) in which the double-walled quartz vessel (2 and 3) is placed. 

A mercury seal is used at the top of the vessel (4). The lamp is located in the 

water-jacket or cooling vessel (5). To make the burning uniform a magnet (M) 

is placed in a glass tube in the lamp as shown. A quartz tube (1) is inserted in 

the vessel (2) through which gases may be passed by means of the inlet and 

outlet tubes (G). . 
Weigert 18 bent the arc tube into a U-shape, and arranged the apparatus for 

1 Chapman, D. L., Chadwick, S., and Ramsbottom, J. E., J. Chem. Soc., 91, 945 (1907). 

12 Coehn, A., and Becker, H., Z. physik. Chem., 70, 90 (1910); Z. Elektrochem., 13, 545 (1907). 

B Weigert, F., Z. physik. Chem., 80, 67 (1912). 
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Ficure 28, 

Gas Irradiation Apparatus. 

SHON i HS, | 

FIGURE 29° 

water cooling so as to avoid the effects of heat (from the lamp) on the reactions 
under investigation.. Fe surrounded the lamp by the reacting gases, the vessel 
containing them being in turn immersed in the cooling water. (Figure 30.) A 
mercury arc was formed in the inverted U-tube B between surfaces of mercury 
E, and Ep, electrical connection being made at K, and Ky. The apparatus was 
mounted in a watertight casing having a quartz plate serving as a window if 
external exposures were to be made also. | 

ENCLOSED VAPOR ARCS /1 

Bovie 14 constructed several lamps for biological experiments; these were not 

r i to make and the design could be altered readily to suit particular require- 

: Figure 31 shows a simple form based upon a lamp made by Kraus. A is 
4 merit: 

picure 30. 

Lamp Employed by Weigert 

for Treatment of Gases. 

a quartz tube one centimeter in diameter. One end is bent downward to form a. 
positive electrode C. A quartz tube of the same diameter is sealed = ae le 

other end, to form the negative electrode B. The distance ‘between a ae 

about 10 cm. The end of the tube A forms a condenser. The lamp is sealed, arte 

| HN Bi C--2 
= SS Ficure 31. 

= ae = + Lamp Used by Bovie for 

p... == p--- =: Biological Work. 
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_ exhaustion of gases at H. The tube A should be inclined to the horizontal position 

at an angle of 6° to 7°, the end (J) being higher, so that the condensed mercury 
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144 Bovie, W. T., J. Biol. Chem., 20, 315 (1915). 
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will flow back into C. Pieces of five-millimeter 
lower ends of B and C. These in turn are set in 

the seal is shown in Figure 32. 
to make the seal air-tight. 

amperes, depending on the amount of cooling at the electrodes B and C. 
Hulbert 1° has described a simple laboratory lamp made of Pyrex or quartz, so 

designed that the seals for the electrodes and for the stopcock (through which the 
It will run normally for twenty hours 

lamp is exhausted) can be made of wax. 
or more before it requires re-exhausting. Another easily constructed lamp is due 
to Allen.16 

FréurE 32. 

Construction of Seal. 

Arcs in glass with thin Pyrex windows, which were almost as efficient as quartz 
in transmitting ultraviolet, were described by Sonkin 1" as inexpensive substitutes 
for the quartz mercury arc for spectrographic purposes. An apparatus for the 
production of radiations useful in accelerating the synthesis of formaldehyde from 
carbon monoxide and hydrogen has been proposed by Spindler.18 It involves the 
production of very hot arcs in mercury vapor at a pressure of several hundred 
kilograms, in a special steel furnace. Quartz or fluorite windows are provided. 

Tur DEVELOPMENT oF THE COMMERCIAL Quartz Mercury Arc 
Fundamental investigations of the operation of the mercury arc were early 

conducted by Kiich and Retschinsky of the Heraeus firm at Hanau in Germany, 
about 1905 to 1907. Shortly after this, that firm manufactured a quartz mercury 
arc. The Cooper-Hewitt Co. began the manufacture of quartz lamps about 1910. 
During the early developmental period the problems to be solved concerned chiefly 
the nature of the electrodes and their function, the making of satisfactory seals 
for the electrical leads, the mechanism for starting the arc, the instability of the 
arc, and the relation of the pressure of the mercury vapor to the energy distribution 
and intensity of the radiations emitted. | 

% Hulburt, E. O., J. Opt. Soc. Am., 12, 519 (1926). 
16 Allen, A. J., Science, 83, 336 (1936). 
17Sonkin, S., J. Opt. Soc. Am., 19, 65 (1929). 
18 Spindler, H., U. S. P. 1,880,333, October 4, 1932. 

quartz tubing are sealed to the 
mercury cisterns F,F (made of 

glass) ; test tubes may be used. The small tubés are sealed at E. The detail of 
A bulb of wax on the outside is necessary in order 

The iron wire D conducts the electric current through 
the wax seal. The lamp should be used on a 110 volt direct-current circuit with 
five or six 16 c.p. bulbs in multiple as resistance, and will carry from 1.25 to 1.5 
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NATURE OF THE ELECTRODES 

| mps With Both Electrodes of Mercury. As the early arcs Hr : 

” Bh of the carbon or iron arcs, it was usually felt necessary i av 

Aw electrodes pools of mercury. The arc was formed by SO tilting the ape 

| : ake a mercury contact between the two pools and then in some sige dl 

a = the column of mercury, the newly formed arc driving the mercury 
-eakin 

pice Be cols in the electrode vessels. oe og Ba 

ee h lamps required elaborate temperature control by means o mee ‘ed 

a fans to maintain the proper distribution of mercury pina ene 

ee cr else it was necessary to introduce a suitable condensing chamber 

- Be Bachmann !9 claimed the elimination of this difficulty by using sa 

a te “of metal or alloy, the surface of which is amalgamated anew from time 
a fe means of mercury supplied from near the electrode. i 

! 
ie ON 

ex nt and Lacell 2° equalized the anode and cathode el segues ie ay 

‘ | is wa adjacent to each other. artz tubes so that the electrodes were 

ered to prevent distillation of mercury from the notes mee is oe 

‘ inguishi . d Barrollier #1 used a hea hing the arc. Belleaud an 

inc the heir temperatures. They 22 described a 
- ding the electrodes to equalize their tempera ' 

. io Betnmersed in a liquid to be sterilized, in which the cathode a ee 

. he liquid so that it was permitted to reach a temperature equilibrium wi 

= de "The mercurv at the cathode automatically adjusted itself to a se 

E ocatle ration : ; isti tube and the 
favorable for operation depending upon the characteristics of the 

supply current. eae , 

ices seem to be no direct early determinations to show whether be eer i 

indeed, hotter than the cathode. In the lamp of Kelvin, Bottomley and Baird, 

the cathode which is cooled by aluminum radiating fans. | , 

Von Recklinghausen 2? described elaborate methods for el the ae 

i ing s, now 
distribution of mercury in lamps having a series of electrode | 

ae : ry “ * rtation of 
To avoid the danger of breakage by mercury ‘ slaps during transpo ae 

the lamp, von Tiirkenburg 7+ filled the entire burner with mercury. ches ee 

iver of rubber 
tion, mercury is displaced by the arc into a deformable anode receiver ; 

A. 

direct 
both o 

provided with adequate cooling arrangements. 

2. Lamps with Anodes of Other Materials. It soon became apparent that 

these difficulties might be avoided by using other materials for the anode. An iron 
: wk 

‘anode was proposed by Fischer for the lamp previously descr ibed. Tian th a 

; lamp of a tube of transparent quartz through the center of which an insulated iron 

wire passed making contact with a drop of mercury (the cathode) at the Wipers 

The anode was a small iron cylinder. Ordinarily, direct current was use ; u 

alternating current could be used if the anode was made double, Mes ong Pp a 

separated by a sheet of mica. This form of lamp had the alta lee — es ne 

voltage operation, of being of a shape convenient for immersion in iquids. 

19 Bachmann, P., German P. 336,570, ee eee Chem. Ind., 40, 575A (1921). 

ritis ards : 

oat a gee eae mes British P. 168,022, Dec. 10, 1920; 211,455, Jan. 25; [924. 

a2 Ee ileaud, R. L. M., and Barrollier, J., U. S. P. 1,656,898, Jan. 24, spin sia we gee 

°3 von ee stiansdn, M., U. S. P. 1,091,244, March 24, 1914, and 1,110,574, Sept. 15, 14. 

% von Tiirkenburg, F. R., U. S. P. 1,896,651, Feb. 7, 1933. 

2% Tian, A., Compt. rend., 156, 1063 (1913). 
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early Cooper-Hewitt lamp 2° also employed iron as the positive electrode. Asada 27 _ 
used a brine-cooled steel anode which extended into the interior of the lamp and kept 
the temperature from getting too high, even when the lamp carried 20 amperes 

Carbon was employed for this purpose by Axmann 78 and by Kerschbaum,29 the 
latter using nickel-steel pins to bring in the current. 
of a tantalum button, in conjunction with mercury, for starting, _ 

Because of its high melting point, tungsten was employed as anode by Urbain, 
Seal and Feige?! It was then necessary to avoid even the smallest trace of oxygen 
or the walls of the enclosing vessel became darkened because of the production of 

_ volatile oxides. 
Nutting.38 

Sealed-in Leads. 
leading-in wires and quartz, Heraeus 34 proposed to use wires of iron or other meta] 

uy 

having a temperature coefficient of expansion considerably greater than that of. 
quartz. The diameter of the wire was to be such that the joint remained vacuum- 
tight at the highest anticipated temperature, the joint being reinforced by cements 
which melt at such a temperature. It was stated that an iron wire of 0.5 mm. 
diameter affords a vacuum-tight joint in quartz-glass at a dull red heat, and wires 
of 0.9 mm. diameter may be heated to 360°C. without the joint leaking. 

Data on the expansion of fused quartz for temperatures up to 1000°C. were 
given by Holborn and Henning 35 who found that the mean increase of unit length 
for a rise of 1° is 0.00000054. Anderson 36 pointed out that Invar (an alloy with 
nearly the same coefficient of expansion as quartz) leads are unsatisfactory, since 
Invar melts below the fusing and working temperatures of quartz. Of other avail- 
able metals, tungsten and molybdenum (coefficient of expansion 4.2 x 10-8) are 
nearest to the thermal expansion of quartz, but molybdenum seals are only prac- 
ticable in the case of very fine wires capable of carrying no more than one ampere, 
It was found that the tungsten seals which had been recommended by George could 
not be used. Lead or mercury seals had been described by the Thermal Syndicate. 
Anderson developed a method of working the quartz shell onto a core of a metal 
(tungsten, molybdenum, tantalum, platinum) of thermal expansion less than 
9.0 x 10°6 and melting point higher than that of fused quartz (1750°@.), in which 
heat was applied to one end while the other was evacuated. The joint was tight at 
only one end; the slight space at the other was filled with a mixture of hydrocarbons. 
These must adhere 87 to both surfaces and not absorb water or gas, must’ have a 
low vapor pressure and change slowly in viscosity with temperature. A mixture. 
of coal-tar pitch and residues of petroleum distillates, having a viscosity at 100°C 
of 2000 dyne-seconds per square centimeter, was suggested.38 

°6 Elektrotechnische Z., 26, 941 (1905). 

*7 Asada, T., Proc. Phys.-Math. Soc. Japan (3) 12, 167 (1930); Chem. Abs., 25, 254 (1931). 
*s Axmann, Elektrotechnische Z., 26, 627, 1182 (1905). 
 Kerschbaum, F., U..§. P. 1,118,868, Nov. 24, 1914. 
80-Perkin, F. M., Trans. Faraday Soc., 6, 199 (1911). 
$1 Urbain, E., Scal, C.,; and Feige, A., Compt. rend., 152, 255 (1911). 
= Geeree, H.. U. &.-P, 1,398:545, Noy, 29, 1991: 7, $ ¢. I., 41, 49A (1922). 
a Mathis, . G., "U.S. P.° 1,320,087, Oct: 28, 1919, to Westinghouse Electric and Manufacturing Cost J. SiG, ly. 39, SA (1920), 
84 Fleraeus, German P. 336,014, Sept. 24, 1918; J. Soc. Chem. Ind., 40, 574A (1921). 85 Holborn, L., and Henning, F., Ann. Physik, 10, 446 (1903). 
36 Anderson, W. T., U. S. P. 1,909,797, May 16, 1933 (to Hanovia Co.). 
87 Anderson, W. T., U. S. P. 1,986,784, Jan. 8, 1935. 
88 See also British P. 356,056, Sept. 3, 1931, to Hanovia Co. for detailed discussion of a sealing arrangement. The use of rhodium coatings for the material to be sealed into quartz has recently been proposed by Harris, N. L., and Ryde,. ‘J..c W., . We-Si4 P. 2,113,984, April 12, 1938; British P. 477,462, Dec. 30, 1937: Chem. Abs., 32, 4299 (1938). 

Perkin 3° mentioned the use 

The use of tungsten was adopted in the lamps of George #7 and of 

In order to produce vacuum-tight joints between the 
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| de by sealing the tungsten into he tungsten anode type may also be ma the 
ih a elass (coefficient of expansion, 3.9 x 10-°), which is then united 

glass, iat tube by a graded seal, employing Pyrex (3.2 10-°).°9 Keyes and 
e : 

to th 
Kraus 

They con 

40 described new glasses available for making graded seals oe this ee 

tained various proportions of titanium and vanadium oxides, = Bh 

Successive rings cut from tubes of these glasses were fused on : = 

In the earlier lamps employing complicated seals, overheating of the 

d to be avoided by the use of metal radiating fins. A general discussion 

‘6 has been given by Buttolph.44 An ingenious method of sealing the 

patted at the anode and cathode of the silica tube so that they Pes be 

t the operating temperature of 400°C., and still not crush the silica tu e oe 

ae has been described by him in a patent which must be consulted for details. 

ee, sae of Starting the Discharge. Most quartz mercury arcs with either 

ap frotles or cathode only of mercury are started by tilting the lamp to form 

1 contact by liquid mercury between the electrodes. Then, on shai! eae 

1 back to its former position, the contact is broken and the arc is formed. 

By 2 method was adopted in a water-cooled lamp of the Heraeus type used by 
< 43 | — 

: sci “ Fe a mercury arc enclosed in a two-by-five-inch quartz bulb, 

ied with an Edison socket, for operation on an ordinary direct-current sah 

-owit. Lhe lead-in wires, equipped with special mercury seals, are connecte 

- h wire resistance coils separated by quartz slabs, to two half-inch pools of 

Se ceary in separate enlargements at the base of the lamp bulb. The lamp is started 

seals hac 
of such jor 

electrica 

py tilting. The coils then become incandescent, heat the mercury vapor, or retard 

» 

an 

++¢ condensation, and thereby add to the intensity of the ultraviolet emitted. 

i. The design of certain proposed forms of the mercury arc lamp precluded the 

ordinary method of starting by tilting, and a number of ingenious, but ec 

| seldom employed, starting devices have been suggested. An electromagne a 

to bring an iron anode into contact with the mercury cathode in ae porte = 

developed by the General Electric Co. as well as in that devised by 7 urt. : 

the lamp of Gallois,#® mercury in the initial position fills the quartz were me 

tube. When the current is applied, a coil attracts an armature connecte y aro 

with the tube, and turns the latter on its axis about 40°, whereby, in consequence 

of the shape of the tube, the mercury is divided into two portions and an arc is 

e intervening space. | 

SE cee, Siuteclon + sei: to seal the arc tube to the leads by the mercury 

itself, the ends of the arc tube being extended into mercury-filled boxes. By eres 

of pistons, the mercury could then be forced into the tube to form a contact an 
ae 48 

ich uses a wall to partly separate the anode mercury from the tube space; 

89 See also Goltstein, E., British Patent Application (void), 290,632. 

40 Keyes, F. G., and Kraus, C. A., U. S. P. 1,014,757. 

41 Buttolph, L. J., J. Opt. Soc. Am., 11, 549 (1925). 
“ Buttolph, L. J., British P. 376,686, July Abe | 

a .» J. Chem. Soc., 89, 913 : 
ee fe ctr oy estate Apel 17, 1934; 1,960,503, May 29, 1934 (to Goldberg, I.). 

Peaulburt, E. O., U. S. P. 1,907,386, May 2, 1933. . 

46 Gallois, J., Bull. soc. encour, ind. nat. 121. 

MS ia ar hee iia eth. ck ti current arcs, see Asada, T., J. Inst. 
ae Fe et Tite Stee A British P. 356.355, Sept. To, TIS: "Matouch, Rs 
U. S. P. 1,750,482; Sperti, G., U. S. P. 1,889,079, Nov. 29, 1932. 

49 Ulbrich, W., U. S. P. 1,694,836, Dec. 11, 1928. 
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from the wall, one or more fine tubes extend the length of the tube, but are located 
outside of the luminous band. On tilting the lamp, mercury passes through the 
fine openings, so that it reaches the cathode from the end of the tube in a fine stream 
or streams. The use of the latter in starting avoids a sudden onrush of mercury, 
which might extinguish the newly formed arc, on restoring the arc to its norma] 
position. 

The lamp of Kent and Lacell 5° was started by electrically heating a small coi] 
of wire placed around the arc tube.. When started, the current was automatically 
cut off from the heating wire. This lamp, which was not evacuated, was burned 
on a 500 to 1000 volt circuit, and was extremely powerful. Preheating coils, which 
vaporize some of the mercury in about a minute to form contact with the anode and 
start the arc, have been used in various lamps. Their use also shortens the build-up 
period during which a steady ultraviolet intensity becomes established. A number 
of patents describe such devices.51 

Electrical Starting Devices. For large-scale installations, for arcs of 
peculiar design to meet special irradiation conditions, and particularly for the long, 
low-pressure Cooper-Hewitt illuminating apparatus, the arc is usually formed by 
special auxiliary electrical equipment. In each instance there are involved, accord- 
ing to Buttolph,®? who has reviewed the subject in detail, both the formation and 
maintenance of a hot spot on the cathode surface and the coincident ionization of 
mercury vapor between the electrodes. 

With some types of arcs, the initial resistance was overcome by the aid of an 
induction coil, but this is usually impractical for large industrial arcs. In certain 
cases, however, in which the cathode spot has been formed and maintained by a 
small local arc to an auxiliary anode, or in which independently heated Wehnelt 
cathodes (see Chapter 8) are used, ionization of the vapor through the arc tube 
may be brought about by small Ruhmkorff coils of the kind commonly used as leak 
testers in high vacuum work with glass apparatus. 

A 

Ficure 33. Circuits for Starting Mercury Arcs (Buttolph and Dana, 
Review Scientific Instruments). 

Buttolph and Dana °° state that the use of the operating reactance as a source of 
induced high voltage for arc starting (Figure 33, A) was described in patents applied 
for by Peter Cooper-Hewitt in 1900 to 1902. At this time the “inductance coil” was 
generally placed in the circuit adjacent to the arc anode, with an electrolytic inter- 
rupter or magnetically operated coil switch in multiple with the arc tube. Resistance 
in series with the interrupter switch kept the current sufficiently low so that it could 

50 Kent, H. A., and Lacell, H. G.,. British. P. 21,834, 1(1908) Perkin, F. M., Trans. Faraday Soc., 
6, 199 (1911). 

Blake, G. J., and Leadbetter, G., British P. 294,288; July 23, 1928 

52 Buttolph, L. J., Rev. Sci. Instruments, 1, 498 (1930). 

53 Buttolph, L. J., and Dana, D. W., Rev: Sci. Instruments, 4, 206 (1933). | . 

51 Thompson, A., U. S. P. 1,962,106, June 5, 1934; Hulett, M., U. S. P. 1,886,400, Nov. 8, 1932; ) 
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andled by the switch. The inductance of the lead wires, the capacity of the-are 

and the switch arc as indicated in the functional diagram B, constitute an ele- 

y oscillatory circuit receiving its energy from the inductance coil. Such a 
._ ait has a very high frequency and low efficiency. The effectiveness of the circuit 

a ds upon the effectiveness of the interrupter switch, called a shifter. A high 
city mercury interrupter,°* originally devised by Hewitt to take the place of the 
ally used spark-gaps in high-frequency generators, was adapted by Thomas °° 
Sse as a shifter switch in a starting circuit schematically shown in diagram C-. 

Een the apparatus is connected with the supply line, current flows through the 

auxiliary circuit, and the magnetic field of the inductance rotates the shitter switch 
forming a transient unstable arc in it. The resistance in series with the shifter is of 
n amount which makes the current too small to maintain the cathode hot spot. 

Purthermore, the stability of the shifter arc is decreased by the condenser between 

the mercury in the main arc and a tin-foil coating on the outside of the mercury 

chamber. When, after about 0.05 second, the arc is extinguished, the energy of the 

inductance is delivered as a single steep polarized wave-front impulse which tends 

to induce a negative potential of several thousand volts on the mercury cathode otf 

the main arc. From an irregularity in the surface of the mercury formed by a 

coating of carborundum crystals fused into the glass, a localized discharge passes 
‘nto the gas space and starts the main arc.56 

Inert gases are also used in starting arcs. At first they were employed to strike 
the arc by breaking the mercury column when pumped into the lamp by some suitable 

be h 
tube 

arrangement. 
In general, however, they serve as conductors through the discharge space until 

enough mercury has been vaporized to carry the arc. Bayle, Fabre and George °” 

found that a direct-current, quartz mercury lamp containing argon at a pressure of 
500 mm. of mercury, strikes instantaneously on application of the voltage and 

‘relights automatically if the arc should happen to be extinguished. Geffcken and 
Richter °8 believed argon the most suitable noble gas to use for this purpose. (See 
also Chapter 8.) | 

The Pressure of the Mercury Vapor. Various methods for improving the 
yacuum °® or for exhausting the lamp space have been described.®® During the 
earlier development of the Cooper-Hewitt and other commercial arcs, it was gen- 
erally believed that to produce a stable arc, a low pressure of mercury vapor is 
essential. Kent and Lacell,®! however, recognized that increased pressure is not the 
cause of the instability of the arc. Evidence in favor of the use of a higher mercury 
vapor pressure was afforded by Henri ®? in experiments which demonstrated that the 
ultraviolet radiation from a mercury vapor lamp becomes more intense as the tem- 

54 Pierce, G. W., Proc. Am..Acad. Sci., 39, 389 (1904). 

sat nomas, P. H., U. S. P. 1,079,380 (1906). 

56 For details of means for securing mercury surfaces effective for starting, see patents of Winning- 
hoff, W. J., U. S. P. 1,831,985-6 (1931) and 1,971,945, Aug. 28, 1934; British P. 288,737, April 19, 
1928. Another description of an electrical starting mechanism is given by the Schering-Kahlbaum, 
A.-G., British P. 364,356 and 364,393. 

57 Bayle, E., Fabre, R., and George, H., Bull. Soc. Chim., 37, 89 (1925); Rev. d’optique, 1 (1925). 

58 Geffcken, H., and Richter, H., British Patent Application (void), 267,127. See for a limitation 
of the proportion of rare gas, N. V. Phillips’ Gloeilampenfabrieken, British P. 474,192, Oct. 27, 1937; 
Chem. Abs., 32, 2854: (1938). 

*® von Recklinghausen, M., U. S. P. 1,110,576, Sept. 15, 1914; Thompson, W. P., British P. 28,757, 
Dec. 20, 1911; Chem. Abs., 7, 1846 (1913); Helbronner, A., and von Recklinghausen, M., British P. 
14,129, June 10, 1910. © 

a Bovie, W..T., J. Am. Chem. Soc., 37, 1721 (1915); Waran, H. P., J. Sct. Instruments, 1, 54 
23). 

8 Kent, H., and Lacell, H., British P. 21,834 (1908). 

® Henri, V., Compt. rend., 153, 426 (1911). 
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perature of the luminous tube is allowed to rise. By cooling the tube with water 
the radiation was found to be fourteen times less powerful than with air-cooling 
the same number of watts being consumed. A number of lamps were introduced i” 
which the mercury vapor pressure was atmospheric or greater. These included the 
Cornu type lamps, the Kelvin, Bottomley and Baird lamp and others.®? Bernhardt 64 
built a mercury lamp which burned in carbon dioxide of up to 650 atmospheres 
pressure and carrying 400 amperes. 

The U-shaped lamps of which mention has been made probably owed their 
greater relative output of ultraviolet rays to a higher vapor pressure of mercury due 
to a lessening of the cooling of the adjacent mercury electrodes rather than, as had 
been thought, to an altered distribution of mercury. The bent tubes of such lamps, 
however, tended to deteriorate or become opaque since the arc in making the bend — 

FIGURE 35. 3 Ficure 34, 

does not follow the shape of the tube. Instead, as indicated by the dotted line of 
Figure 34, it tended to approach the side of the curved portion of the tube nearest 
the center of curvature, subjecting it to an extremely high temperature. To 
counteract such destructive action, this portion of the tube was made of increased — 
thickness or projections (Figure 35) were added to divert the arc stream.®® Von 
Recklinghausen °6 also described methods of prolonging the life of his lamps by 
lining the portion near the hot cathode spot with a highly refractory material such 
as “titanium zircon quartz.” 

COMMERCIAL MeErcury-vapor Arcs (MERcury CATHODE TYPE) 

Modern commercial mercury-vapor lamps with mercury cathodes are of two 
main types, those having a mercury anode and those having an anode of tungsten 
or other metal. The first is built along the lines of the Heraeus lamp. The Hanovia 
quartz mercury © arc lamp, Figure 36, consists essentially of three parts, the tube 
through which the arc plays, the anode vessel and the cathode vessel. The current 
is carried to the lamp through nickel rods ground into the side tubes of the electrode 

8&U. S._ P. 1,343,037; British P. 129,022: and 129,702; J. Soc. Chem. Ind., 622A (1919); Berle- 
mont, G., Bull. soc. encour. ind. nat., 133, 254 (1921); Chem. Abs., 15, 2163 (1921); Stammreich, H., 
Naturwiss., 12, 744 (1926). 

8¢ Bernhardt, F., Phystk. Z., 27,.713 (1926). 

® von Recklinghausen, M., Helbronner, A., and Henri, V., U. S. P. 1,176,481, Aug. 29, 1916; 
1,271,246, July 2, 1918. 

66 yon Recklinghausen, M., U. S. P. 1,188,587, June 27, 1916. 
67 Hanovia Chemical and Manufacturing Co. (A more recent type is discussed in Chapter 8.) 
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The ground-in joints are sealed with mercury. Small quartz tubes are 
vessels. ee electrode vessels to avoid “hammering” of the mercury. The lighting 

sed E inp is effected by turning the*lever slowly around from position to position 

4 stream of mercury flows from anode to cathode, making a short circuit 

the two poles. On breaking the stream, the arc is struck, and the level 

be brought to its original position to allow the mercury to flow back into the 

FicureE 36. 

Hanovia Lamp for Direct Current. 

a. he Sra het i eae: 

Courtesy Hanovia Chemical and Manufacturing Co.) 

node vessel. After lighting, the lamp may be turned again by the lever into a 

d rtical position in which it can be continuously used. The arc may be used end-on 

4 4 horizontal position by viewing it from the anode end, or ina vertical position 

fon above. On 220-volt lines the lamp may be burned at all potentials between the 

electrodes from 25-185 volts by means of a variable resistance of 55 to 95 sea 

(depending on the type of lamp) connected in series; on 110-volt lines at a 

potentials from 25-80 volts by means of a variable resistance of 25 or 40 ohms. 

; | the lamp is not required to burn at low voltages, resistances of 30 or 50 ohms and 

of 12 or 20 ohms suffice. At low potentials the arc or electric discharge fills the . 

whole cross-section of the tube. With increasing potential, the cross-section of the 

arc diminishes more and more, and forms eventually a thread of some five milli- 

‘meters diameter. The specific intensity of the visible and ultraviolet radiation is the 

same, and the economy equally as good in 110-volt as in 220-volt lamps. With con- 

stant external conditions the light exhibits a desirable degree of constancy. The | 

Hanovia vapor lamp is also made for operation on alternating current, the difference 

in construction being that for this current it is necessary that there be two positive 

electrodes in place of the one ordinarily used for direct current. 

Problems concerned with the design of pole vessels and the use of constrictions 

between these and the luminous tube to prevent alterations in the distribution of 

mercury during operation, have been studied by the Hanau firm.®8 By the use of a 

capillary at the anode, it is claimed that both vessels may be made of the same size 

and shape, and both may be completely filled with mercury. With alternating cur- 

rents, two anode vessels have condensing chambers: and separate connections by 

tubes with the luminous portion are necessary. : : 

Anderson and Fraser ® stated that in such lamps the proper temperature 1s 

usually maintained by radiation from metallic fins. If the lamp became too hot and 

the vapor pressure too high, the current would drop to values insufficient to main- 

tain the cathode hot spot (which they believed to have a temperature of 2270°CS) 

and the arc would be extinguished. To avoid the necessity of using large volumes 

ia of mercury they proposed to immerse non-amalgamating metals of higher thermal 

conductivity such as wires, rods, meshes, tubes or plates of tungsten or molybdenum ~ 

® British P. 286,317, May 9, 1929. 

® Anderson, W. T., Jr., and Fraser, H. D., U. S. P. 1,890,926, Dec. 13, 1932, to Hanovia Co. 
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in the mercury in contact with the walls. Anderson 7 described methods of reducing 
the size of the container to one-half or one-third its previous size. 

Water-cooled lamps are usually U-shaped, as in the case of those developed by 
Kent and Lacell. Bird™ designed a burner in which the effects of expansion of 
liquid mercury upon the positions of the two mercury levels were minimized. B 
dividing the anode pool by inserting a smaller tube within the anode tube, it Was _ 
possible to lessen the effect of the temperature of the pool upon the vapor pressure 
of the arc. The small inner portion at a high temperature served as the termina] 
for the arc stream and the other, at a reduced temperature, acted as a receiver for — 
the vaporized mercury. The cathode pool was believed to exert a smaller influence — 

The area of the cathode pool wags — upon the vapor pressure than the anode pool. 
made great by means of a bulb in order to lengthen the thermal path from the arc. 
stream to the wall. | 

The “hot anode” type of quartz mercury vapor lamp, known as the “Uviarc,” has .. 
no mercury chamber at the anode end.7? In place of mercury, a tungsten target com- 
posed of a spiral formed of tungsten wire is used. The anode end is protected from 
mechanical injury by means of a metal cap which also serves to lead the current to 
the anode. The cathode end is reinforced with thick quartz to absorb the shock of 
the mercury vapor and is set at an angle which is claimed to reflect back into the 
luminous portion of the tube some ultraviolet rays which would otherwise escape, 

to the mercury. The tungsten wire, serving to lead the current into the lamp, Ns ~ 

The cathode end is also protected by a metal cap through which the current Ne 

sealed into the quartz tube by a graduated mixture of quartz and glass so that at the” 
end there is practically pure glass, while the portion next to the quartz tube is prac- 
tically pure quartz. It is claimed that this combination of glass and quartz provides 
a proper coefficient of expansion so that the loss of vacuum is prevented. Having 
only one mercury electrode, this lamp is capable of being operated in either a vertical 
or horizontal position, which in certain cases is of advantage. A slightly different 

design is employed when tungsten anode (“Uviare’”) lamps are intended to be run 
generally in a vertical or nearly vertical position. The change is principally in the 
construction of the cathode chamber. The Uviare is a direct current device. It 
may itself function as.a rectifier.7? An alternating current Uviare with double 
anode is made for certain.applications. QS 

The development of €ooper-Hewitt lamps has followed two distinct courses 
for visible and for ultraviolet output. The original mercury arc has been developed 
as a long low-pressure arc for illumination of industrial establishments. LeBlanc ™4 ~ 
gave an early account of the construction, current consumption and efficiency of such 
lamps. Details of the more recent developments are to be found in the various 
articles of L. J. Buttolph cited in this chapter. , : 

Our present concern is not, however, with the low-pressure illuminating arc, 
but rather with the high-pressure quartz arc just described. A small high intensity 
arc (“Labare’’), operating on 110 volts, either alternating or direct current, was 
described by Buttolph in 1922. In it the effective light zone was one-quarter by 
one and three-quarter inches. 
as a monochromatic light source. It was then shown that by introducing suitable 

7 Anderson, W. T., Jr., U. S. P. 1,902,936, March 28, 1933, to Hanovia Co. 

2 Bird, L. F., U. S. P. 1,952,306, March 27, 1934, to Hanovia Co. 

™ Cooper-Hewitt Electric Co., now General Electric Vapor Lamp Co. 

7 Buttolph, L. J., Gen. Electric Rev., 13, 741 (1920). 

™ LeBlanc, M., Electrical Rev. and Western Electrician, 57, 1248 (1910). 

> Buttolph, L. J., J. Opt. Soc. Am., 6, 1066 (1922). 

It was especially suited for employment with filters, 7 
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e in series with the lamp it would function as a low-pressure arc giving only 
; resistane est spectral lines. A detailed discussion of the operating conditions of 

| the Bes: is given ina following section. 
. the 

mber of recent patents have been concerned with lamps, developed for specific 

nd with accessories as cabinets, etc. Burners enclosed in hoods may be pre- 

F from overheating by sucking the hot air away by an electric fan attached to the 
yented a of the hood. According to Cooper,‘’ this results in a saving of power. A 

“upper 2 an arc for home use in therapy has been described by Link,” and a pre- 
cabinet i eoin-in-the-slot” time-switch control has been devised® for installations of 
ee cy arc in bath houses, therapeutic institutes and beauty parlors. 
the cr. lamps adapted for introduction into various body cavities have been 
‘ ee hy Philip.” They embody small U-tubes carrying the mercury arc, surrounded 
describe : ow quartz envelope with cooling water or gas. A number of other therapy 
py a “however, adapted for introduction into orifices, designed by Nisbet * involved 
arcs, fe tons of structural detail and new combinations of previously described principles. 

~ modi Baia the deposition of mercury on the luminescent part of a lamp intended to be 

a ed in water during use, Gourdon™ located it in an evacuated vessel, the nipple 
; Me | jminescent part of the lamp passing through the wall of the vessel near the 
of a of the vessel itself. This lamp was intended to be put to such curious uses as 
ng fish, maturing oysters and illuminating submarine operations. ’ 
a assembly of base, pedestal, hood with lips, and applicators suitable for ultraviolet 

therapy, has been patented by Chesney and MacLagan.” The Hanau nee ne achat 

handle by which a therapy lamp could be carried about without danger of altering the 

distribution of the mercury. 

A nu 

‘ 

THE THEORY OF THE OPERATION OF THE MERcurRY ARC 

A. Electrical Conduction Processes. The general theory of the processes 

occurring in the arc has been treated in the previous chapter ; this section deals with 

those processes which are especially characteristic of the arc in which the predomi- 

nant conduction is by a mercury cathode and by mercury vapor in the space between 

the electrodes. Comparatively few investigations have been devoted to the nature 

of the manner in which the anode functions even in the case of the lamps of the 

Hanovia type in which the anode is mercury. As noted elsewhere, Compton ** has 

stated that the entire problem is concentrated at the cathode, as other processes, 

especially those in the plasma, have been essentially explained by the work of 
Langmuir and Mott-Smith,® Tonks and Langmuir,8¢ Eckart and Compton, 8? and 

 Killian.88 | | 

1. The Conduction of Current from the Cathode. It was at first believed that 
the current was carried by electrons thermionically emitted from the cathode,®® the 
temperature of which was then assumed to be about 2500°K. ‘This had to be 
rejected when subsequent work showed that the cathode could not be hotter than 

7% Cooper, C. A., British P. 305,758, February 14, 1929. 
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600°-800°.9° Later calculations by Compton % indicate the surface temperature of 
the cathode spot not to exceed 200°C. | 

Earlier observers, as Gtintherschulze,®? gave large values for the rate of Vapor. 
ization of mercury from the cathode, e.g., 7.2 X 10-3 gram per ampere per second. 
The suggestion of Compton and van Voorhis that this was in part due to mechanica] 
loss as spray was verified by von Issendorff, who found a corrected rate of less than 
0.3-1.3 x 10-8 gram per ampere per second. Kobel 9? placed it at only 0.017 x 10-3 
and Nikiforov °* places it at only 0.4 milligram per ampere per second. This indi. 
cates but a minute loss at the cathode. These new data show that the vapor Pres. 

sures at the cathode spot must be considerably less than the atmosphere or more 
assumed in the earlier literature. ; | 

Slepian 9° suggested that the current might be carried by positive ions arising — 
from thermal ionization of the vapor just outside the cathode; Compton, however, | 
objected that this theory failed to suggest a mechanism for the input of energy into 
the assumed high temperature region. The currently accepted theory is that of 
Langmuir °° of “field currents” due to a strong field concentrated at the cathode — 
region. The minimum value of the field was calculated by Lamar and Compton 97 
to be at least 7.6 X 10* volts per centimeter. Mackeown, assuming 5 per cent of 
the current to be carried by positive ions, calculates it to be 5 X 10° volts per centi- 
meter. If 1.3 10° volts per centimeter be assumed necessary to give the observed 
cathode current density of 4000 amperes per square centimeter,9® the cathode drop — 
will occur within a distance of 10-5 centimeter. Lamar and Compton consider it to _ 
occur within a space of less than 1.76 x 10-* centimeter, and give the cathode poten. ~ 
tial drop as about 10 volts (9.9 volts).99 An earlier value of only 5.27 volts 10 wag 
said to have been based upon the use of an erroneous probe method. Killian 1° also 
found about 10 volts and Gaudenzi 192 about 9 volts. Kommnick and Liibcke 103 — 
find quite similar values, so that the mercury arc must be regarded as a special case 
of a low voltage arc. It was even found possible by Hebb 1% to maintain an arc in ~ 
mercury vapor at only 1.7 to 1.8 volts although the 2537 line requires for its excita- 
tion (see below) 4.9 volts. Such an abnormal arc has been studied by Bar,1°5 whose 
arc burned at 3.5 volts at 175°C. Unlike the earlier abnormal arcs, this was not due 
to oscillations, but to some positive space charge maintained before the cathode. — 
Reverse fields sometimes play a part.106 

After discussing in detail the attempts to determine from heat balance data the — 

ston of the current carried by electrons and by positive ions at the cathode, 

frac ton 197 concluded these to be futile since the range of certain quantities needed 

| a: calculations was not known. It was, however, possible to show that the heat 

3 : ce may be made consistent with Langmuir’s theory and with the known facts 

. ization by making certain reasonable assumptions regarding the unknown 

ot - of energy returned to the cathode by unelectrified carriers such as neutral 

Wt 5 in various energy states, or by radiation. a 

Behe cathode spot-moves rapidly on the mercury surface as it becomes conditioned 

ond migrates to a neighboring spot where the mercury surface is contaminated by 

. yrities and where the electrons can be more readily extracted. The mercury 

ce becomes depressed and the electrons probably come from the irregular edge 

: a crater, which is then immediately depressed, due to the vapor pressure of the 

a ury, heated by the bombardment of positive ions at the cathode spot. This 

id ise account for the rapid movement of the cathode spot, since the electrons 

a s come from the edge of the crater, which is then depressed by the increased 

ed pressure at that point. Tonks 1° described methods of preventing this 

" ansteadiness at the cathode end of the positive column by the use of wires of certain 

4 tals, especially molybdenum, the cathode spot being limited to the line of wetting. 

‘ Bam the spectral distribution of the radiations from such anchors, it was pug zasiee 

that there might be a region of “hot” ionized gas close to the cathode. Cravath 

¢udied the behavior of the mercury vapor arc with a jet of liquid mercury as 

cathode, but was unable to obtain a stationary cathode spot on the jet. 

Tt has been found that the mercury are can be operated with the cathode frozen 

f at —70°C, the voltage being not much higher than that for the normal operation 

of the arc.449 Newman! has also studied the operation of the mercury are at 

jiquid air temperatures, his experiments supporting the idea that the fraction of the 

current carried by electrons depends on the vapor pressure. The parts of the arc 

~ immersed in liquid air were not luminous, but there was a brilliant cathode spot. 

: 2 Conduction Processes in the Plasma. Little need be added here to the gen- 

ea discussion of this topic given in the previous chapter. As in general in the 

a gaseous discharge, the tension, U, on the electrodes of a mercury arc is a linear 

function of the arc length l, ic, U=A+ Bl, in which A is the sum of the anode 
and cathode drops of potential and B is the voltage gradient in the arc. 

 Pawlikowski112 found the mean velocity of all electrons to be constant through- 

out the whole. width of the positive column, although in the immediate vicinity of 

the cathode two groups of electron velocities were noted. a 

_ The theory of the striated glow discharge in mercury vapor was studied by 

" Compton, Turner and McCurdy.413 In this work, attention was drawn to the impor- 

tance of cumulative ionization in the striations. This concept has since been 

extended to the phenomena in the ordinary discharge. 

‘There have been many divergent statements in regard to the transfer of mercury 

yapo 
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between the electrodes of the direct-current arc. Perot,444 who made one observation Had there been an “anode pressure” as suggested by Hamburger,!28 and 

of the change in mercury levels in an inverted U-arc, believed all of the current to j * upy,t24 it would have been noted. 

have been carried by univalent mercury ions. Matthies, however, found no mey_ Dy ‘ Electrical O perating Characteristics of the Mercury Are. The early knowl- 
cury transfer other than that due to thermal processes and believed the conductioy _ oe of this field was summed up by Buttolph.t*? The following account is based 
to be entirely electronic. Other workers took intermediate positions. Giinthes. oy upon his more recent accounts.126 
schulze 416 believed half of the current carried by electrons and half by ions ang 
Schottky and von Issendorff,47 that 80 per cent was carried by ions. The more 
recent calculations of Langmuir have shown that the positive ion current is no} 
more than 1/340 to 1/605 of the electron current density. Tonks 11§ states that of 
the current carried by mercury ions 50 per cent is by doubly and 12 per cent by. 
triply charged ones. : 

Forbes and Leighton,49 using a lamp which was too hot to allow condensation — 
of mercury to occur on the walls, found the ratio between the gram atoms of mercury — 
transferred from the anode to the cathode and the faradays passing through the lamp 
to be sensitive to cathodic cooling and that mercury can migrate against considerable — 
temperature gradients. Extrapolation of their results to the lowest voltage gradients — 
and pressures indicated a minimal mercury transfer and an insignificant role for the 
positive ions. But, as the voltage gradient and the pressure rise, the positive ion © 
current appears to. gain on the electron current. At five volts per centimeter, the 
ratio has reached five, almost irrespective of the current, and remains near that valye — 

up to 25 volts per centimeter and a pressure of three atmospheres. Elenbaas 129 has 
discussed the theory of the gradient of the high-pressure mercury discharge. 

3. The Pressure in the Arc. Kitch and Retschinsky 171 measured over twenty 
internal pressures in an arc 12 mm. in diameter. Between 3 and 18 volts per centi- — 
meter, the pressure rose from 38 to 1500 mm., the current varying between 4.1 and_ 

5.05 amperes; they gave, however, no quantitative correlation between the pressure — 
and other variables. : 4 

Forbes and Leighton,!*? realizing that the electrical conditions depend on the — 
resistance, pressure and the efficiency of air and water-cooling, presented graphs 
relating the pressure to the voltage gradient for arcs of 9 and 2 mm. diameter, 
(see Section on Constricted Arcs, Chapter 6) each carrying various currents. They 
concluded : : 

(a) The pressure isa function of the cross section, voltage gradient and current, © 
but not of the arc length or the relative cathode and anode temperatures. 

(b) In spite of wide differences in the arc cross section and the current carried, — 
the pressure changed about 140 mm. for a unit change in the voltage gradient, and — 
the curves became nearly parallel at pressures greater than two atmospheres. 

(c) For a given lamp at constant voltage, the pressure is very roughly propor- 
tional to the logarithm of the current. 

(d) At low voltage gradients, the ratio of pressure to cross section for a given 
current strength is nearly the same for the constricted arc as for the normal arc, 
but at higher voltage gradients, the ratio is greater for the constricted arc. 

On starting the Uviare lamp, the vapor pressure is low, as the lamp is cool, and 

2 current is high and the voltage low. The lamp requires a short time to reach 

= 1 operating conditions, depending upon the heat capacity of the mercury 

Bode and arc tube, and upon the initial arc energy. As the temperature rises, 
apes pressure and the voltage follow, while the current drops. Normal opera- 
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Ficure 37. Starting and Operating Curves of Vertical Uviare (Buttolph, Review 
| of Scientific Instruments). 

tion is reached when heat is radiated from the burner at such a rate that the vapor 
pressure no longer rises. In the upper left hand corner of Figure 37 the change in 
voltage and in current which occur during the first few minutes after starting are 

- separately plotted and show clearly the way in which the arc comes to normal opera- 
tion. As the starting current and the final arc voltage are each determined by the 

_ series resistance, a family of starting curves for different values of the series resist- 
ance is given in the main portion of the figure. The locus of the terminations of 
these curves at operating equilibrium at 25°C., H-L, is called the stationary or 

static characteristic curve for that arc at that temperature. 
_ During the transition from the low pressure arc starting condition to the high 

pressure arc, there occurs a striking change in the appearance of the luminous arc 
column. As seen through a dark filter, the principal light source becomes concen- 
trated in the center of the arc tube as a slender cord of great brilliancy. In this 
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ditions of temperature equilibrium in open air. This is an inefficient 

ynder am condition. The inlead wires are not intended to carry the excessive 

pperatins hich may pass. Spattering from the tungsten anode is also greater than 

condition there is about 25 volts drop per inch in the arc as compared with appro 
mately 114 volts per inch in the low-pressure arc. 

The Uviare may be operated at various arc voltages from about 20 volts up to. 

xis 

; - : ; fics s to. W : 
maximum, characteristic of each size of lamp. ‘The static characteristic curve H. pare” operation at the same current and higher vapor pressures. 

expresses the relationship between the arc voltages and the corresponding norma} a, is clear that the arc voltage drop depends upon the vapor pressure of the 

current. A significant feature is the steepness of the curve. The temperature a Dcury, the mean vapor density of which increases with the temperature. The 
4 mer : ates about 50 watts per square inch of its silica tube, its mean tempera- which there is normal operating equilibrium is determined largely by the tempera_ : 

al 360°C., and the vapor pressure about 800 mm. These are maximum i acs ; Thyiarc dissip 
ture of the room and the ventilation of the burner. For example, with a give, 4 
maximum burner voltage determined by the line voltage and the series resistangg - based on an economic life of 6000 hours of co tinuous operation. 

the. current normal for the design is increased by cooling the burner, as indicateg a Among the first thorough studies of the static characteristic curves of the mer- 

| those of Harrison and Forbes,!?8 who clearly appreciated the possi- by Figure 38. It is thus evident that the temperature of operation introduce. 

| a ility of following changes in voltage with constant current by altering the ventila- 
pill % 

Ficure 39. 
ez Water out 
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Arc (Journal of the Optical Society | | a 
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110 = aon of the arc. They also showed the negative characteristic in certain regions of 

ie EFFECTS OF TEMPERATURE AND VENTILATION ealsit.. Hae static curve; an increase in applied voltage produces a decrease in the current. 
ON STATIC CHARACTERISTICS OF Ui? ; 100 VERTICAL UVIARC OPERATING NORMALLY When it gets too hot the lamp goes out. 

eae igs WITH %5 OHMS IN SERIES, PAN | 

re 
= To Fump 

80 melee awit Trap 

10 mae \ OPEN AIR ecu pe 

7 et dae . le 4 

QI o) . 

Bag —™ fe) So 

aie aw 

a SF z= QP NGGaS WS iC ie ef 2 
y Cp 

—— Ee Dae DE Ee To Manome fers” 

eT ca toe in water 

ee et a friar Ma 4 oh Vira 8 f{-Flectrode - pared 

3 | Com: 4., 8; 6. 7. & 8 dO. it 2. (3 4am Bet Cole | ; 
4 AMPERES : : 2s 

Figure 38. Effect of Femperaiure snd Ventilation (Buttolph, Review of oo ~4 =lo Monometers 
a NS ; : cientt fic nstruments ) . +Electrode N 2 Quartz Mercury ar 

arranged for varying another variable. For this reason, the 220-volt horizontal Uviare requires about 
pressure and length. 

4.5 amperes at 165 volts between the electrodes when operated in open air, while 
its normal current when enclosed is only about 3.75 amperes at 174 volts on the are. 
To secure a relatively increased intensity of radiation in the 2537A line, Uviares © 
may be immersed in water to various depths depending upon the effects desired. 
Depending upon the temperature, the arc voltage then does not rise to more than 

20 to 40 volts at 4 to 5 amperes. Wood !*/ made use of this method. 
When so operated, the arc has the volt-ampere characteristic of a low-pressure: 

arc, although the current density in the arc is greatly in excess of that obtainable 

For their work on the influence of current and voltage on the spectral distributions 
of the radiations, they designed a special lamp with variable length. (Figure 39.) The 

results were reduced to unit length after deducting the electrode drop in voltage, taken 
as 12 volts. Legs of an inverted copper U dipped into two Pyrex reservoirs, sealed to 

‘them by de Khotinsky cement, the upper part of each serving as water-cooler and the 
lower containing mercury for the arc. Iron wires sealed into the sides of-the reservoirs 

dipped almost to the bottom of the mercury pools. A quartz trap was sealed to the top 
Of the arc, so that the last traces of air in the tube could be exhausted by boiling the 

127 Wood, R. W., Phil. Mag., 50,.761 (1925); compare also Taylor, H. S., J. Am. Chem. Soc., 48, 

®S Harrison, G. R., and Forbes, G. S., J. Opt. Soc. Am., 10, 1 (1925). 
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mercury up into the trap. When the lower legs and trap tube were of large bore p was heated by a Bunsen burner and the mercury boiled vigorously. When 

arc had a great tendency to oscillate, the mercury levels moving up and down seveil of the Been so as to fill partly the trap, the rubber tube connecting this to the pump 

centimeters and the arc-voltage varying by 20 per cent or more. To damp the osciifat ¢ ha tosed with a pinch-cock as near the trap as possible. The current was then turned 

tions down to a few hundredths of a millimeter and to keep the voltage constant thedl ane upper electrode being negative. The two reservoirs were then slowly exhausted 
B] Se 

legs were replaced below the water-coolers by quartz capillaries of 1 mm. inte), 
diameter, the finest thread of mercury that would carry the maximum current "— 
5 amperes. of 

the mercury broke at the top of the U, and the arc length then increased as the 

M built up in the tube. The height of the mercury columns was finally 

ed by varying the resistance in series with the lamp, the rate of cooling, and the 

re in the two reservoirs, Although the upper reservoir gradually filled at the 

se of the lower, the excess could be returned without extinguishing the arc. A 

"4 tube with small holes was bent to the shape of the quartz tube and air currents 

copPe directed on the whole luminous column when necessary. With this apparatus, a 

were e could be made from one stationary state to another on a different characteristic 

chane uch more rapidly than in the ordinary arc. The pressure could be built up 

130 . : 3 OT SL GY ET SD PE 
re cs PS eis os ks, 

ee Aart Cc iy in the arc when first struck by lengthening it-to 25 cm., putting a large current 

110 ‘oveRALL LAMPICHARACTERISTICS i gt it, and then shortening the column, thus building up the voltage drop. The 

ly P Pte arc was enclosed in a large box with holes to provide variable degrees of 
y “ilation. In series with the arc was a fairly high inductance to damp out oscillations 

100 cd 4 variable maximum resistance of 200 ohms capable of carrying 5 amperes. The 

fed by a 550-volt direct current generator, run on an induction motor. In no 

nase Was the voltage drop across the arc greater than 300 volts, or 17 volts per centi- 

Se eter: Langmuir '’” also developed a cooled arc for the study of the characteristics 

* arcs at different vapor pressures. 

arc was 

9 = 

8 i . 
By combining the “static” characteristic of the arc (H-L, Figure 37) with the 

-yolt-ampere characteristic of the fixed series resistance to be employed with it, 

there is obtained the volt-ampere curve of the actual working combination, shown 

Gn full lines in Figure 40: The use of greatly increased resistance to secure low 

ssure operation of the Uviarc is also shown in broken lines. The curved line 
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O } marked “high pressure” is the supply voltage less the voltage drop in the series 

a " yesistance.and so represents the voltage available for operation of the arc at various 

50 ‘gtable arc currents. For the arc to be stable, the slope of this curve must be such 

“that for various line voltages the voltage available for arc operation is never less 

40 than the arc drop. Buttolph emphasizes that the arc voltage is related to the current 

only indirectly through its ability to change the temperature and therefore the vapor 

pressure of the mercury. The positive volt-ampere characteristic of the Uviare 

30 secures good “regulation” (change of voltage with current) only for very slow 

changes in the supply voltage which permit the attainment of temperature equi- 

20 ibrium. 
The practical stability characteristic of the arc is better indicated by a family of 

10 “dynamic” regulation curves, such as are indicated by the series of arrow-marked 

lines of Figure 41. This shows the effect of sudden changes in supply voltage so 

rapid as to make the immediate effect of temperature changes negligible. The 

arrow-marked lines show approximately what happens as a result of sudden changes 

in supply voltage to new voltages maintained until temperature equilibrium has been 

attained. Since the apparent resistance can change only with the vapor pressure, 

the first effect of an increase in the supply voltage is only an increase in the arc 
current. With the resulting temperature increase, the arc voltage increases, the 
' Seties resistance voltage decreases, the current rte and normal operation is 

Cc fs 5 6 
AMPERES 

Figure 40. Regulation Characteristics for Slow Changes of Line Voltage (Buttolph, 
Review of Scientific Instruments). 7 

tesumed at a higher arc voltage with practically the original current. A sudden 
change back to the normal and original voltage results in a completion of the cycle 
in a manner identical with that indicated for sudden decreases from normal. For 

transient voltage fluctuations, this cycle becomes greatly distorted and at high fre- 
quencies finally degenerates to changes only along the line LNH. The fact that the 

Uviare current only affects the arc voltage rather slowly through the arc tempera- 

i. be bands of the upper part of the tube were made with thickened walls to prevent 
fusion under the greater heat caused by deflected ions. The two reservoirs and trap 
were connected to vacuum through rubber pressure tubing by stopcocks, so that any 
one could be separately exhausted either through an inch of thermometer capillary of 
through a tube of large bore. Exact control of all mercury levels was possible. Ait 
pressure up to two atmospheres could also be supplied to the reservoirs. Their pressures 
could be read from manometers. | ’ 

In starting, both reservoirs and the body of the lamp were exhausted to a fraction 
of a millimeter and then mercury was allowed to rise slowly in the arms. The outside Langmuir, I., Gen. Electric Review, 27, 538 (1924). 
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t : : 4 ° mae : A . 

ure, affects its apparent static instability, the cycle shown by the lines AND voltage. In practice, one-quarter henry (or for a very unstable direct- 

fig ae Wid iad time ae PR Min The curve marked “are Watty» upp supply line or for rectifiers with pulsating output, one-half henry) in an 

se es or energy and temper i ; urre: : i “j ith i i 

the normal opeating one Te a a a br onic ga cporation with about 10 pr ext Seated velage a tie 
amount of series resistance used; this is determined by the permissible arc con he Big otherwise be able, | ; " os 

fluctuation and the local variation in power supply voltage. | mq ar Be oic is essentially a direct current device because the cathode cannot be 

) C a Bcd active on alternating current half-time operation. It may, however, be 

fn ainta d upon alternating current by using a rectifier circuit and an arc with two 

operate (See Figure 42.) The cathode is connected to the secondary midpoint of 

p at emer, and the anodes are connected to its terminals. The series resistance 

Berane tions placed adjacent to the anodes, or in a single unit placed 
Be he in two sec 7 ; : 
nay the arc cathode and the transformer or in series with the primary. 
sither betwee? at 
e dic or the primary positions are preferable. The mercury cathode 
mither the ano ; : 3 

vemains continually negative relative to either one anode or the other at all times, 

OPERATING © 

VOLTAGE 

>. Soda be, ee 
J 

Figure 42. 

Circuits for Alternating Current 

Mercury Arc (Buttolph, Transactions 

Illuminating Engineering Society). 

A.C. SUPPLY 

= ee 

UVIARC. Ee 

o I 2 3 y 290 310 = 330 

AMPERES TTS | 
Figure 41. Regulation Characteristics for Sudden Chan i <i 

; ges of Line Voltag 
from Buttolph, Review of Scientific Instruments). aoe oa i 

being maintained through zero supply voltage by the cathode inductance. The 

electron stream passes from the cathode to one anode during the active half-cycle, © 

to the other anode during the following half-cycle, and to both anodes during the 

transition. The inductance has the new function of maintaining the arc current at a. 

“level sufficient to keep the hot spot alive during zero voltage. This effect can be 

secured by using a transformer of sufficient magnetic leakage and even the regu- 

lating resistance can be replaced by reactance, but either of these changes causes so 

great a lowering of the power factor as to be impracticable. Buttolph?°° gives a 

detailed analysis of typical oscillograms, which lies beyond the scope of this book. 

| The starting of the alternating-current arc is complicated by the fact that the starting 

circuit is, in effect, connected to but one of the two anodes, and that the current flowing 

in the shifter circuit is alternating and hence is of the correct polarity for arc starting 

but one half of the time. A further limitation to the use of this method in the starting 

of the alternating-current rectifier type of arc lies in the fact that to secure a Satis- 

factorily high induced potential, the negative inductance or choke must be of so high a 

value that a potential of about 120 volts must be applied to the starting circuit in order 

_ to secure a satisfactory shifter current. This causes great stability in the shifter arc, 

resulting in a trailing of the shifter arc through to the extreme end of the half cycle 

in which the mechanical break occurs. Figure 42B shows a solution of several of these 
Problems “1 through the use of a small dry rectifier seein about one ampere of 

There is also an inherent instability of the arc, related to changes in its apparent — 
resistance, and ascribed to transient high-frequency variations of the current. This | 
appears to be a cathode phenomenon, the cause of which is not definitely known 
These current variations are most pronounced during low-pressure operation at — 
starting and result in an arc-extinguishing effect opposed only by the impedance of 
the circuit. The arc and its supply line act much like a series resonant circuit. The 
frequency of the oscillations may be several thousand per second; several thousand . 
volts may be induced on the arc terminals, resulting in transient reductions of the © 
current to amounts insufficient to maintain the arc. This form of instability may~ 
be largely eliminated by inserting sufficient resistance to absorb one-third of the — 

™ Buttolph, L. J., Rev. Sci. Instruments, 1, 500 (1930). 
™ Buttolph, L. J., Trans. Illum. Eng. Soc., 28, 153 (1932). 
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eration of the usual forms of the mercury arc all the arc lines ‘ a . : 

rectified direct current of just sufficient voltage to cause a flow of about one gince im the op 

Py 

| iti t be such as to - nee iti the resonance lines, the conditions mus through the inductance. The impedance of even one-third henry choke to this pulsati . eritted in addition i trons to raise the mercury atoms to the energy level direct current is so low that the equivalent of only about a three- or four-vol] . : rding electro t dines a the bomba 

pa. ding to the ionization potential of 10.4 volts, pine tity hearaat a Ick 

orrespo” by which the electrons are accelerated is only abou Fog tee 

aut 135 suggested that the ionization must be produced as a cae ae 

comp The electron energy is close to that required for the production 

jmpac a ms (see Figure 4) or to ionize these when formed. : 

4 of a line depends upon the fraction of the atoms 1n process nie 

her to a lower state; this depends upon the concentration of higher, 

current supply is required to secure a shifter current of over one ampere. . 
Other starting methods as a choke and either a mercury switch or a mechanicaj}, 

operated circuit-breaker may be used to secure high voltage transients sufficient to ionize 
the gas and start the discharge in the ordinary type of alternating current arc. (Figure 
42C.) An alternative to the relatively slow action of a mercury interrupter or of . 
mechanically vibrating interrupter is the use of a simple oscillatory circuit (Figure 42D), 
in which there is imposed on the arc tube a high-voltage, high-frequency impulse, the 
high-frequency nature of the discharge being effective through the use of an externay 
electrode placed preferably somewhere near the center of the arc tube. 4 hi : 

sition am This in turn varies directly with the electron current and the con i illograph, has b eI | s ’ ; : | i Cg pe based upon studies with the oscillograph, has been given by state Bon of the atoms in the lower state, that is, with the Jae) ms eres f a 10 ; : i rans1 : centr? -more, the velocity of the electron must be sufficient to cane 4 ee ae 
THE MECHANISM OF THE EMISSION OF RADIATION Further oe depends on the voltage gradient in the region 1n whic ee 

The radiation emitted by the Uviarc extends from the 10,140A 133 line in thee 
infrared to the region of 1850A in the ultraviolet. The energy-level diagram of 
mercury given in Figure 4 (Chapter 2) forms the basis for an interpretation of the 
lines emitted in terms of the impacts of electrons possessing the necessary kinetic 
energies. The connecting lines between the various energy states represent most of © 
the lines of the arc spectrum of mercury. It has been stated in the preceding section 
that very small fractions of the current are carried by ions of valence higher than. 
one. The presence of such ions makes it possible that some of the lines of the 
emission spectrum of the mercury lamp may be ascribed to transitions which would ~ 
find their representations on other energy level diagrams for the corresponding 
ions ; these are, however, of little significance. 

The diagram indicates that the two resonance states produced by impacts of 4.87 
and 6.67 electron-volts produce lines in the ultraviolet at 2537 and 1849A, respec. 
tively. The various visible lines are produced by transitions from higher energy — 
levels to the lowest excited levels corresponding to the resonance potentials or to a 
metastable state. 
The metastable states of the mercury atom are energy levels from which there 

occur no transitions with emission. The diagram indicates that 7.7 volts (applied 
in two stages) produces.an energy level 23S,, from which the green line 5461A is 
emitted, the atom falling» into a metastable state, 23P,. A second metastable state, 
2°Po, is produced similarly by a transition from the 2°S,1 state with emission of the 
4047A line. While the usual higher energy level states have a duration of about 
10-8 second, the metastable states persist for times of the order of 10-3 to 10-4 
second.134 The metastable states can also be reached from the normal states by 
direct electron impacts, but the direct transition from a metastable to a normal state 
is very improbable, so much so that the lines corresponding to such transitions are 
“forbidden” lines. Various processes limit the existence of an atom in a metastable 
state. Another electron can hit it and raise it to a higher energy level or even 
ionize it. It may suffer impact with another atom and gain or lose energy thereby. 
In the presence of a gas with a lower resonance or ionization potential, the meta-— 
stable atom may yield some of its energy to one of the foreign atoms, raising it to — 
a higher energy level or ionizing it. 

eae its velocity. For forming the 21P, state of mercury (6.67 volts), be ae 

oc citation increases from zero at 6.67 volts to a maximum at 6.8 vo S; 

hit decreases.186 Similar considerations apply to each of the other states ; 

i... Bing probabilities of excitation to each of these states under operating con- 
{ ic Vv 

‘4g accounts for the varying intensities of the lines which correspond to 
dition . 

att m these states. . 
Biensitions is, however, much more complex, since the intensity of a line depends 

S ue on aé probability of formation of the necessary energy state, but aso MeCe 

po a bility of the transition from that state. This is true since other tt ansitions 

a jat state producing other lines may also occur. In place of dropping to one 

' ‘al lower excitation states with emission of the corresponding lines, it may 

i “es aised to‘a still higher state of excitation by suffering impact with an elec- 

~ tT he further analysis of these probabilities of emission, collision or ionization 

{ Feends upon the determination of the mean free paths of the atoms and of their 

effective radii for collisions. ne 

:.. uniformity of the light emitted along the lengths of the AT 4 Pa 

shows that the electrons must acquire energy from some gs ) ee ithe 

cathode fall. It comes from the energy input into the column, the pro 

oe into the voltage gradient. The latter factor depends upon the current | 

¥ ‘, “ts Bid: the pressure. Schottky 17 believed the voltage gradient to vary 

' Beeiccly with the tube diameter. For mercury vapor, Se nie ae a oe i 

different pressures that the gradient is a function of the tube iameter, d, 

a, b, and c being constants. The values of a and b vary with current J, X= 

da” 
4 . . 4 

the pressure of the mercury vapor. At 100°C., ais 0.69 and 0 is 0.12. 

Within the positive column, the average kinetic energy of the Sei Fs ae 

low to excite or ionize the mercury atoms. There is, however, a Maxwe ior = ri 

bution of the kinetic energy among the electrons, so that a small fraction et em 

do have a sufficient amount of energy to produce these effects. The average kinetic 

: Rev., 38, 427 (1931); 
., 37, 1077 (1931); see also Mason, R..C., Pave. ; 30% ; 

a. ae a Vata. a st Physik, 79, 421 (1932); Barnes, B.. I. ey ars Ee ee Aine 

| | J Rev, 53 ‘545, 556 (1938); Fabrikant, V. A., pare Ay and’ Tsitg, Phystk. Z., : 
182 Buttolph, L. J., and Dana, D. W., Rev. Sci. Instruments, 4, 209 (1933). Note also Kelting, © Bs, 23 (1938): Chem. Abs., 31, 8352 (1937); 32, 4871 (1938). 

Kk. C,, U.S. P. 2,152,998. Apr, 4, 1930. 7 _ Brattain, W. H., Phys. Rev., 34, 474 (1929). baad 
188 For the infrared arc spectrum of mercury, see Wiedermann, G., and Schmidt, W., Z. Physik, — r. 187 Schottky, W., Physik. Z., 25, 342, 635 (1924). ee pil 

106, 273 (1937); Murakawa, K., Z. Physik, 108, 168 (1938). Be tatherschulze Z. Physik, 41, 718 (1927); 42, 763 (1927) (glow discharge). Aas 4 A., 32, 7340 (1938) 184 Methods for the determination of these life periods for various energy level states lie beyond | Elenbaas, W., Physica, 5, 568 (1938); Chem. Abs., 32, . the scope of this book. See Mitchell, A. C. G., and Zemansky, M. W., “Resonance Radiation. and ~ : a ; Excited Atoms,’? Cambridge, 1934. 
| : 

y 
| q 
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energy (3/2 kT.) depends upon the electron temperature T,. Killian 189 studigg 
the effects of pressure upon the electron temperature and total electron concentratia. 
over a low pressure range in a mercury arc in a tube of 6.2 cm. diameter, Carrying , | A eee snide current of 5 amperes. The electron temperature decreased from 38,000°K, 4, he intensity of the band at 2540A at various reaper nese as ; sh 
0.00020 mm. to 19,900°K. at 0.00533 mm. An electron temperature of 19,9996 from t e148 calculated the heat of dissociation of the molecule to i 4 eis 
means that the average kinetic energy of the electrons is 2.56 volts. The fraction o¢ Roem ra 149 regarded the 2536A band as due to the arc type of peat ae pee 
the electrons having kinetic energies greater than the ionization potential of mercy, N kamu olecule andthe band at 2540A as due to the ionized molecule Mgo*. 
is in this case, from the Maxwell-Boltzmann distribution law, about 0.003.140 ye neutral P 
energy lost by this small fraction of the electrons in ionizing collisions is supplied ba | 
the energy input into the positive column. Killian found also that an increase i 
pressure increased the probability of collisions, although it reduced the electron cahn, HL, temperature. These opposing effects cause the emission at constant current density en); 127, ; Z. Physik, 72, 462 (1931); Ponte, M., Compt. rend, 186, 633° to pass through a maximum as the pressure is increased. Other observatiall : oeroiss. ee, OA 263 7-19985 Pienkowski, S., Bull. intern. Acad. Polonaise, ae tia) 

the bands broadened in both directions and filled this gap. Crew ane 

Bz attribute the bands to the Hg, molecule produced at the distilling sur- 

¢ the mercury and readily dissociated even by slowly moving electrons or ions. 

e 0 

re 
rhe a 
a ornton 

- H., and Thornton, W.N., J. Opt. Soc. Am., 19, 358 (1929). 
WwW 

le Z. Physik, 33, 219 (1925). | : 
448 Koernicke, - cvignton Sci. Kyoto, 10, 1 (1926); Chem. Abs., 21, 1785 (1927). 

_ aaa studies of the origin of the mercury bands, see Lord Rayleigh, N ature, 119, 423, 778 
450 For eons 854 (1931); Proc. Roy. Soc. 116A, 702 (1927); 119A, 349 (1928); Kuhn, 

aaa pte lonaise Phys., ; . Einans) J 2103 (1929); Dziedzicki, N., Compt. rend, soc. polor Wi Mast showed that the electron temperature tends to decrease somewhat with an Increase © (1928) j Chem, Arogs (1929) 5 Hulubel, Ee OO a 39, 743" (1932); 42, "300. (1932 in the arc current. In Killian’s experiments, the average electron concentrations | aso (1931); Beene is nod or 3 (1932); Science Repts. Tohoku Imp. Univ., 1st series, varied between 3.7 x 1019 and 15.2 x 10" per cubic centimeter as the pressuré was il Okubo, Tei o33) Chem. Abs., 37, 5642 (1933). . increased from 0.00020 mm. to 0.00533 mm. The theory of Tonks and Langmuirt41 | a2, 
indicates that there is also a concentration gradient for electrons from a maximum 
along the axis of the tube toward the walls. Not all of the energy input into the 
positive column is utilized in excitation or ionization. Some of the energy jg 
delivered to the walls, being liberated there by the recombination of electrons and 
ions. As the electron temperature was decreased from 38000°K. to 19,900°K. in the ~ 
experiments of Killian the energy delivered to the walls by recombination processes 
could be calculated to decrease from 48 to 14 per cent of the total input. The 
remainder was available for excitation processes. 4 

These experiments do not apply directly to the usual types of mercury arc, since 
the pressure range is quite different. Liibcke 142 finds that the electron temperatures 
are 7000 to 40,000°K. in the more usual forms.143 ; 

a 

CONTINUOUS AND BAND SPECTRA IN THE MERCURY ARC 

_ The line spectrum of mercury is superposed upon a fainter continuous spectrum, 
emitted by glowing vapor distilling from the arc. It has been in part attributed to 
incandescence. The continuous spectrum, together with the selective absorption of 
the luminous mercury vapor for its own radiation, in part accounts for a shift in the — 
relative radiation intensity toward the longer wave-lengths with increased energy 
input, in contrast with Wien’s displacement law. A review of continuous emission — 
spectra in general has been given by Finkelnburg.144 | 

Volkringer 145 observed a large band at 3360A and a smaller one with a maxi-— 
mum at 2650A. Dawson and Crew 146 found band maxima in the arc at atmospheric — 
pressure, excited by high voltage and low current density, at 4500, 3300 and 2550A. | 
No continuous radiation was emitted in the region 2535 to 2350A. On increasing — 

1° Killian, T.J.,. \Phys. ,Rev.,: 33. 1238 (1930). 

M0 For further details of such calculations, see Dushman, S., Elec. Eng., 53, 1204,.1283 (1934). 
14 Tonks, L., and Langmuir, I., Phys. Rev., 34, 876 (1929) . 
M2 Liibeke, C., Z. tech. Physik, 14, 298 (1933). : 
143 For further details of probe tests in various mercury arcs, see Liibcke, C., Z. tech. Physik, 8, 445 (1927); Gvozdover, S. D., and Konovalov, F., Compt. rend. acad. Sci. U.R.S.S.,.1, 553 (1934); Chemam Abs., 28, 4975 (1934); Togo, S., J. Inst. Elec. Eng. Japan, 53, 109 (1933); Klyarfel’d, B., and ‘Plokhotzkii, E., Z. tech. Physik (U.S.S.R.), 5, 796 (1934); Chem. Abs., 29,673 - (1935). 
144 Finkelnburg, W., Physik. Z., 31, 1 (1930). See also Rompe, R., Schulz, P., and Thouret, W., Z. Physik, 112, 369 (1939); Unsdéld, A., Ann. Physik, 33, 607 (1938). 
14 Volkringer, H., Compt. rend., 185, 60 (1927). 
446 Dawson, L. H., and Crew, W. H., J. Opt. Soc. Am., 17, 261 (1928). 

; 
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-ey emitted by a source, by employing filters for delimiting various 

pe Sc sons... Such methods are illustrated in the work of Sasi and 

jrraviors ccd below in connection with chemical actinometers. Stockbarger 
r 1S 
orton 9 have reported methods for standardization of the conditions to ee 

an cc of filters, which methods are discussed in more detail in Chapter 
met in of the infrared energy, the energy in successively shorter-wave regions 
In P cible and the energy in the ultraviolet range are measured in successive 

me the V 
nts with the corresponding filters. The energy introduced in each of the 

Chapter 7 | 

Output of the Mercury-vapor Lamp Under 
5 itt i w , { the 

V Teyb 1 vp poo lated bv differences.. The equivalent wave-length range 0 
arlous Operatin g Conditions sacrements is calculated by 

: . issi 10 Fabry and 
i 1 transmission curves. y 
s approximated from the filter oe 

ee B cured the total energy L transmitted by n different filters, of thick 

(or » different thicknesses of the same filter). They solved m equations 
incl 
Buisso” 
ness d 

Metuops or MEASURING THE INTENSITY OF THE RADIATIONS 

The evaluation in absolute energy units of the radiations in various lines on A, . A,e-mnt for A,..A,, the n monochromatic tenors | we op (ane ' Beane torm * "41 8 rere determined separately for each filter.* wave-length regions emitted by a radiation source is difficult and requires meang “of. the original source; my....7M, W th tat S205 Sie 

for the isolation of various wave-length bands by filters or monochromators ag — 0 iso photoelectric cells tava heen used fdr. energy measu | 

well as means for measuring the energies radiated within these bands. To avoid 
the difficulties involved and the apparatus required for such measurements a4 
number of workers have described photochemical reactions which indicate the 
effectiveness of a radiation source for conducting photochemical changes. 
of these reactions are of little value, and even the better ones require a ¢ 
understanding of all the physical factors involved 
effectively. 

| Imost linear intensity-current curves, and are free from time-lag, fatigue and 

— Bsn Their use, however, requires a knowledge of the sensitivity ese 

Be rious cells, since these cells are selective in their response to dah bee ar 

Beech regions. When the measurement is intended to serve as ne in a 

eS . the suitability of a source for effecting a given phen Tad 

. i ri 1 now : Selength region giant fe bi me oe reaction must be 

‘ ected. he appropriate photo-cell may be se ot ae 

r ter ba Geitel 13 used a zinc sphere for measuring i ey pe saga 

through photoelectric effect. Szillard used cadmium in the oped fo) } i ; 

Beri: cell sensitive to the region 2950 to 3900A. ae Pi a sis 2 

i de it sensitive to and w 
z window to the above cell, ma ( 

| Bd it to the photometry of therapeutic lamps. Harris 16 ee ra rae 

Oe cter or gold-leaf electroscope used in conjunction with such cells by 

Eebisst measuring apparatus. He adapted a thermionic dae and sie oe 

ircul t of the output of a quartz 
ircuit employed for the measuremen ae 

” Miethe Bad Stenger 17 used a silver film, and Anderson 18 has ea 

icthod of measuring and controlling the total ultraviolet output from a quartz 

mercury arc by using the Weston “Photronic” light-sensitive cell. uri (Peed 

An ultraviolet light meter described by Rentschler 19 comprises special uranium, 

thori i seit al hotoelectric cells connected to a glow 
thorium, cerium, titanium and tantalum p 0 BE 

relay tube. The latter consists of an iron cathode, a een jib an ena 

ei de contai iner tmosphere. The intensity of inc 
main anode contained in an inert gas at sa et 

iati i t which an electromechanical counter a 
radiations is proportional to the rate a 

ated by the ie tube registers. The total energy 1s measured by a recording 

Many 
ritical 

if they are to be employed 

Among the apparati used for measuring the quantity of radiant energy are 
thermopiles. When it is desired to express the results in absolute units of energy, 
the thermopiles must be calibrated against some standard source of energy, 
Thermopiles are non-selective and measure radiant energy of any wave-length, 
Their use is described in the following references, those by Coblentz giving detailed 
directions 1 for the construction, installation and use of these instruments. More ~ 
recent descriptions have been given by Strong2 and Cartwright 2; precautions 
in the use of these instruments have been given by Leighton and Leighton.4 

Mere exposure of a thermopile to a source gives information only as to the 4 
total energy emitted, but tells nothing of the distribution of radiations among the 
various spectral regions! To measure distribution in the ultraviolet region a_ 
quartz monochromator, by means of which the wave-lengths can be separated into — 
very narrow bands, is frequently employed with the thermopile.5 When using 
thermopiles with quartz monochromators, correction should be made for slit width,°® 
aberrations, reflection, absorption, and scattering in the optical train. McAlister 7 | 
has described in detail the use of two quartz monochromators for determining — 
absolute ultraviolet intensities by the aid of vacuum thermopiles and Photronic 
cells. 

7 | in i istributi ; Sgt oe Physik 17, 479. (1936), It is possible, however, to obtain information regarding the spectral distribution pee Krefft, E ay seer i ga praca ibete: 8 

10 ae Ww Pout M. B., and Kahler, H., Bureau of Standards Bull. 15, No. S 330 (1918). 

eabry, C., and Buisson, H., Compt. rend., 152, 1839 C1911); 
| Ornstein, L. S., H., Bur. Standards Bull. No. 378 (1920). ; 

mn (7 ee ae aga. Kawa, J., Towarzystwa Fiz., 4, 27: Chem. Abs., 25, 2361 (1931). 

Elster, J., and Geitel, H., Physik. Z., 12, 609 (1911); 13, 739, $52. (1912). 

1 Griffith, H. D., Lancet, 5th December, 1205, 1925. 

5 Griffith, H. D., and Taylor, J. S., J. Hyg., 25, 218 (1926). 

4 Beers, ‘D. T., J. Sci. Instruments, 6, 2 (1929). 

™Miethe, A., and Stenger, E., Z. wiss. Phot., 19, 57 (1919). 

8 Anderson, W. T., Jr., Rev. Sci. Instruments, 5, 127 (1934). 
. . 1,923,844, August ie ptschler, H. C., J. Am. Inst. Elec. Eng., 49, 113 (1930); see also U. S. P é 

» 1933. 

1 Coblentz, W. W., Bur. Standards Bull. 4, 391 (1908); 
- C., Z. Physik, 32, 575 (1925); Coblentz, W. Wg - F.. Opt: 

PUYSRY Zo. 22,°119., (1921). . 
2Strone, Ji, Rev. Sc. Instruments, 3, 65 (1932). 
8 Cartwright, C. H., Rev. Sci. Instruments, 3, 73 (1932). 
*Leighton, P. A., and Leighton, W. G., J. Phys. Chem., 36, 1882 (1932). 

_°> For a critical discussion, see Forbes, G. S., Report of the Committee on Photochemistry of the A aan aah wera and Chemical Technology of the National Research Council, J. Phys. Chem., » 49 928). 
® Coblentz, W. W., Dorcas, M. J., and Hughes, C. W., Bur. Standards Sci. Paper, 21, 535 (1927); Coblentz, W. W., Bur. Standards ‘Bull. 10, 41 (1914); 17, 

9, 7 (1913); Moll, W. J:, and Burger, 
t. Soc. Am., 5, 259 (1921); Voege, W 

be 

NY 

> 1 (1920); Franklin, R. G., Maddison, R., and Reeve, L., J. Phys. Chem., 29, 713 (1925). 
7 McAlister, E. D., Smithsonian Miscellaneous Collections, 87, No. 17 (1933). 
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meter. Cerium is photo active below 4500A, thorium below 3700A, ur 
3200A, titanium between 2700-3200A, and tantalum between 200 Proper choice of metal and quartz or glass container allows radiatio 
wave-length bands to be measured. 
tions, in the investigations on-air po 
Figure 43 shows the wiring diagram of the Rentschler Ultravi 
photoelectric cell shown on the central panel is mounted in a special glass which admits all the ultraviolet reaching the surface of the earth. electrodes, a central rod and a cathode of uranium, sputtered (in arg small area of approximately 12 square centimeters on the inside wall 

0-3000A. 

olet Meter.21 
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TO RECORDING METER 

Figure 43. Wiring Diagram for Ultraviolet Mete 
~ Transactions I lluminating Enginee 

r (Meller, Hibben and Warga, 
ring Society). 

The uranium cathode, by emitting electrons, allows curr 
cell only when radiations between. 2700 and 3350A fall 
proportional to the intensity of the radiation, but is ver 
and requires amplification by a glow relay or starting 
trickling through the cell slowly charges a condenser. 
value, the condenser spills over and an impulse of curre 
The frequency with which this occurs is proportional t 
tion. 

ent to flow through the 
upon it. The current is 

y stall (0.1 microampere) 
anode tube. The current 
When this reaches a fixed 
nt flows between its plates. 

o the intensity of the radia- 
The current flow in the tube at this point operates either a click recorder 

or a graphic recording meter in which a moving pen integrates the impulses over 
Meller, H. B., Hibben, S.° G: and Warga, M. E., Trans. IIl. Eng. Soc., 
#1 Rentschler, H. C., and Henry, D. Hy) Ue Say P...1,815,073, July 21, 1931; British P. 353,981, June 12, 1929; Rentschler, H. C., U. S. P. 1,871,280, Aug. 9, 1932; 1,917,854, July 11, 1933; British P. 353,554 and 353,555. Special fluorescent filters for use in conjunction with such photo- oor ae described by E. D. Wilson, U. S. P. 2,128,110, Aug. 23, 1938; Chem. Abs., 32, 824 (1938). 

1 

27, 64 (1932). 

anium below 

ns of definite | 
It has been employed, with some Modifica. 
Ilution conducted at the Mellon Institute.20 

The 
bulb 

It has two 
on) over g 
of the bulb, | 
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£3 idly. 
time interval. The record discloses variations os meageenia nth 4 
: ; hown in Figure 44, 1s a > 4:4 of the uranium photo-cell, show : tet 2 . 

The 050 and 3000A. Different cells have piappeneettomrscat erie et : 
¢ j ; rea, the c 
petwee® librated. According to Meller, Hibben an a ae atakeel 
a st be cali : d the condenser. They calibrated their 
cell mur”. kage to the ground or around the con res op erro" aa PLatandand tungsten-ribbon lamp which, operated at 27.5 amperes, 

1 sort 

a 

metet . temperature of 2800°K. ‘The results are given in arbitrary units, the a tru : ‘ 
had 4 ‘mpulses per unit of time. te A. 
pumbe! . 22 fico finds the cadmium cell to be sensitive between 2800 and 3500 

me porn 

¥ tz an 24 Be joclectric cell, balanced amplifier, and microammeter. 
a P | 

Bos a 
eae | 
“an 

. . ‘olet intensity meter comprising d Stair 23 described a portable ultraviole y Coblentd 25 devel 

1.0 

Xi 
a i \ 
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ANGSTROMS 

Sensitivity Curve of the Ultraviolet Photocell (From 

rk ced Ware: Transactions of Illuminating Engineering S octety). 
Meller, Hibben, and Warga, 

, : ining the energy distribution of the sun 
tical field method for determining ¥ rf 

et late nits Two methods were devised, one employing pra a hime : 

Ee copile calibrated in absolute value against ra ts pinay ee patie 
itani electric cell cali s employed a titanium photoe tair 26 

ee standard of ultraviolet radiation. For the latter, rigs es ps suet 

he a commercial. vertical mercury-in-quartz arc.2" It proved or esp 

i : Abs., 22, 1540 (1928). 
therapie, 25, 361 (1928); Chem. : 

ile ie aro end Sead R., Bureau Standards J. Research, 12, 231 sirid Fondue Aalich es 

i Meow ion of the calibration of photoelectric cells, or gett eneglabertet ere: tae 
p= For ect, ciscuss! nergy distribution of sources, see Coblentz, W. pee Ces ai Me ait tee 

eg mcesering T79. 487 (1934); Am. J. Roentgenol. Radium Therapy, pn ee ole” 

Row oe Pe * d Hogue, J., Bur. Stand. J. Res., 7, 723 (19315, 8 739, Q $ \ 

Bai: Buren Stan ify spr ry ye a ale 1 1 (1935); Chem. Abs., 30, 118° 
%® Coblentz, W. W., Puerto Rico J. Public tea : oy tly 

Bice 
16, 83 (1936) ir, R., J. Res. Bur. Standards, 16, ; ony 

ot ‘i danbtoaeliog Society Subcommittee on the Measurement of Ultraviolet 

28, 864 (1933). 

*6 Coblentz, W. W., 
27 Report of the Illuminating 

Radiation, Trans. Illum. Eng. Soc., 
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as a standard for meters used to evaluate sources for 
producing effects by the aid of the photo-cell. 
lengths longer than about 3300A, and since the 
to about Z800A by enclosing the cell in Corex D elass 
emission lines at 2967, 3024 and 3132A are effective. 

cury arc. 
One method of calibrating a photoelectric intensity meter in absolute valye. Sa comprises observing the microammeter reading on exposure of the cell to a str 

emission line of the mercury bed 
determined in absolute units. By dividing the scale reading by 

cell were limited (as before mentioned) to a few lines 

i ra i at the time the photoelectric measurements were made. Comparatiy 
reading would be taken at the same distance from the lamp in both instances This 
obviates the effect of room temperature upon the output of the standard source _ 
Alternatively, the lamp could be operated at a constant energy input in 
io closely at the same air temperature, so that a single standardization of 

€ lamp against the thermopile suffices until the lamp shows signs of ageing > b 

central portion — 
- front of the lamp to limit the emission to 30 millimeters at the 

the lamp. The lamp employed was the Cooper-Hewitt, 110-volt vertical 
_ Uviare mounted in a support which permits tilting the burner to a horizem | 
position for starting. A laboratory rheostat of about 18 ohms was connected . 
series. The potential was kept at about 5 volts below normal (70 volts) - 
decrease depreciation. The lamp and mounting may be kept in. a venti 
eon eears housing. When used with the diaphragm, the apparent depreciation 
s slow. Operated on a storage battery, the lamp remains constant at 650.3. q 
volts. This slow fluctuation of 0.3 volt is probably the result of changes ; 
ventilation and is easily controlled with a rheostat, so that the ultraviolet t ie 
in a particular region is regulated within two or three parts in 1500 ie 
2 Gyemant 28 described a fluorescent intensimeter for ultraviolet dave A simple 
UVscope” described by Alexander and referred to by Moss and Bn vase 

filter of Chance’s glass which absorbed all rays shorter than 3650A i longer 
transmitted rays being recorded by their effects on photographic ih er The 
Hanovia Co.?9 described an apparatus with a fluorescent screen and ssid indi- 
cator from which the intensity of the light could be directly read. 

The Geiger-Miller electron counter, widely used in cosmic ray measurements, 
has been employed for the measurement of an ultraviolet beam, by counting the © 
electrons produced by the photoelectric effect of the beam. The counter is used 

*8 Gyemant, A., J. Opt. Soc. Am., 12, 65 (1926). 

road, 3, ) 1. > bei ; 
1021 (1929). ritish P, 320,794, Nov. 8, 1928, to The Hanovia Co.; Brit. Chem. Abs., B, 

germicidal and erythem 
Since the cell is insensitive to wast 
short-wave response may be limiteg 

Lerner only the Strone 

has been employed occasionally as a standard, but a soates lemtatecnare aie aa. 
spectrum has several disadvantages over the discontinuous spectrum of the mail 8 Re 

arc, é.g., 2967A, the energy value of which had been. 3 
the efficiency 

the photoelectric response for that wave-length, the true scale reading a a 
Ca relatively the same as that of a spectrally nonselective radiometer. For reason } 

cerned with the construction of the photoelectric cell first employed b Ghia as a 
difficulties were encountered in attempting to operate it at the exit a ae 
spectroradiometer used in isolating the 2967A line. Therefore. it proved e a 
to use the arc with a Corex D filter, so that the radiations btedtire on the oh a } 

. The sum of these emis 3 
. 

. 
m . sions could be accurately evaluated in absolute units with a balanced thermocoufil 

an inclosure — 

QUTPUT OF THE MERCURY-VAPOR LAMP 101 

‘n the study of ultraviolet of very low intensities, such as the assumed mito- 

30 : : 
jiefly 
Meetic 12S" a 
e° Chemical Actinometers. Comparison of some chemical actinometers was given 

31 Since the reactions depend upon the intensity of restricted wave- 

the results of such measurements may show apparent disagree- 
. In using chemical methods as a rough guide to the times of exposure 

men ed for a given reaction to be effected by a lamp, it is essential to select a test 

requ’ n which is effected in approximately the same wave-length region as that 

ed for the reaction to be conducted. This is true since every photochemical 

ion has its own characteristic curve of spectral sensitivity, while every light 

Dc has its own spectral energy distribution. Thus for controlling the bac- 

EP idal action of a lamp, it is necessary to choose as a test reaction one which 

Bot effected by visible radiations or by those longer than about 2950A. (See 

Chapter 35.) Dorcas and Forbes ®? pointed out the necessity of using in con- 

“action with a chemical actinometer, a filter which transmits for each wave- 

fengih a fraction of incident radiation proportional to the efficiency of the radia- 

Bion in promoting the reaction for which the light is intended to be employed. 

This method of measurement furnishes a comparison of the abilities of sources of 

different spectral distribution to effect a given reaction. In the case of skin 

erythema tests, taken as an index of biological stimulation, aT futer comprising 

4 one-centimeter thickness of 0.00025 molar picric acid between a sheet of red- 

purple Corex glass 2.5 mm. thick and one of clear Corex was utilized. This filter 

"fad an absorption curve bearing a resemblance to the Hausser and Vahle erythema 

curve 2° replotted on the basis of quanta rather than ergs. The replotting was 

done by multiplying the ordinates of the Hausser and Vahle curve by numbers 

inversely proportional to the corresponding wave-lengths. As the actinometric 

reaction, Dorcas and Forbes selected the. photolysis of p-benzoquinone in 50-per 

cent alcohol, a reaction which absorbs completely the light transmitted by the 

flter. This reaction, which had been studied by P. A. Leighton, satisfies the 

necessary condition of having a practically constant quantum yield (See Chapter 

42) between 3130 and 2540A. Each wave-length transmitted through the filter 

may be assumed to photolyze a mass of quinone proportional to the erythema- 

producing power of the corresponding light component of the original source. 

The irradiation period was two hours. A second sample was kept in a dark vessel 

- for the same period as control. Both samples were then cooled in ice, and titrated 

simultaneously with 0.004N thiosulfate, adding 10 cc. of normal iodide and of 1.5 

normal hydrochloric acid at the start, with starch indicator. It was assumed that 

all of the monochromatic effects for this reaction could be integrated by sum- 

mation since the reaction has no induction period and only a few per cent of the 

reaction material is decomposed, so that absorption by reaction products does not 

interfere. A plot of the milligrams of quinone decomposed per hour by a series 

of differently cored carbon arcs against the reciprocals of the times required for 

the production of a standard erythema indicated a fair degree of proportionality. 

As such proportionality implies that the reciprocity law holds for both reactions 

(erythema and photolysis), the slight variations from proportionality involving a 

80 ptol, B., Helv. Phys. Acta, 8 3 (4935); Locher, G. L., Phys. Rev., 42, 525 (1932); Audubert, R., 

and Reithmuller, C., Compt. rend., 200, 389 (1935); Karev, M., and Rodionov, S., 2. Physik, 92, 

615 (1934); Audubert, R., and Mattler, J., Compt. rend., 206, 1005 (1938). 

$1 Kidinow, A., Lancet, 209, No. 5320 (1925). 

82 Dorcas, M. J., and. Forbes, G. S., J. Am. Chem. Soc., 49, 3081 (1927). 

8 Hausser, K. W., and Vahle, W., Strahlentherapie, 13 (1923); see Chapter 36. 
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threshold intensity indicate that the reciprocity law does not hold exactly for the 
erythema reaction. 

There had been many attempts to devise methods of chemical actinomety usually with the object of measuring the value of a source for producing erythema. but rarely had the physical principles underlying the method been analyzed With such thoroughness. Filters were rarely applied (or were used only in a relative] crude manner) and reliance was placed instead upon the choice of a reaction Which might be effected within the same wave-length range as that of the reaction to be studied, if, indeed, any consideration at all was given to the matter. The absorp. tion curve of the actinometer was usually taken as an index to the wave-length region within which it is photochemically effected. Variations in the efficiency of the monochromatic rays within the absorbed band were disregarded, and the possi. bility of the occurrence of side reactions were not always eliminated. ' | 
Kistiakowsky and Heidt 34 point out that, although the errors of radiometric measurements can be estimated only by the original investigator, many difficulties may be avoided by the proper use of actinometry, and that, if later, the given actinometer is restandardized, it is easy to recalculate all quantum yields preyj_ ; ously referred to it. They describe in detail an apparatus whereby the quantum i yield of a photochemical gas reaction over any time interval during its course may be stated in terms of the quantum yield of uranyl oxalate decomposed by mono. — chromatic light of the same wave-length with a probable error of 5 per cent. 
Gillam and Morton,35 among the earlier writers on actinometry, proposed the photochemical reduction of potassium nitrate to nitrite (determined ‘colorimetrj. — cally) as an index of the bactericidal] activity of a source. The absorption of light by nitrates commences at 3300A, rises to a maximum at 3000A, falls to a minimum at 2650 and rises very rapidly beyond this point. The quantum efficiencies below 2860A are, however, much greater than those in the region of selective absorp- — tion, so that despite the dissimilarity in absorption of potassium nitrate and bac. teria, the photolysis in solutions buffered to pH 9.4 was held to resemble the bactericidal reaction in respect to the spectral distribution of photochemical] efficiency. : | 
By this method Gillam and Morton found that an unused mercury lamp gave — nitrite equal to 6.4 cc. of. N/5000 nitrite, while a used mercury lamp gave only 1.6 cc. An iron-nickel are produced 5.2 cc. in one hour at 6 inches, or 1.3 cc. at 12 inches, so that the old mercury lamp and the metal arc were effective to roughly the same extent. A test showed that about 98 per cent of the nitrite — formed by exposure to the unfiltered lamp owed its origin to rays on the short- wave side of the limiting ray (2750A) transmitted by 0.090 inch of a Vitaglass filter. This was held to indicate that the unfiltered reaction is applicable for measuring the relative bactericidal efficiency of different light sources. The unfiltered reaction is also suitable for indicating the deterioriation of a quartz lamp since this deterioration begins in the short-wave region to which the nitrate photolysis is sensitive. The reaction is, however, too slow for general use as a routine test for dosage in actinotherapy. It has been employed by Kestner 36 in comparing various ultraviolet sources. 
Webster, Hill and Eidinow 87 found the bleaching of a solution of methylene- 

84 Kistiakowsky, G. B., and Heidt, L. J., J. Am. Chem. Soc., 54, 3246 (1932). 
% Gillam, A. E., and Morton, R. A., J. Soc. Chem. Ind., 46, 417 (1927); see Chapter 20 for further discussion of the reaction. | 
86 Kestner, O., Strahlentherapie, 46, 574 (1933). 
87 Webster, T., Hill, L., and Eidinow, A., Lancet, 1924, (1) 745, 
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€ 

} 

, 
> . is 

Senay aqueous fedacls of the acetone effect a bleaching of the dye which 1 
1116 at . ) rhe drogen jecompost'»> 4 eae time of exposure, the dye evidently acting as a hy mos | ae portional t0 | | | propor ; 88 per cent of the acceptor: d Morton 28 found by the use of filters that about Pp 

ne ec 

. -1 ide of 

Re a ae. ible as a, esiterion foe"ihe eipodanes 
ito 17° ‘. indicates that the test is unsuita € as” ms Ley 

ee sec ion of sterols to vitamin D (Chapter _ yi Oars 250A d to . dig ' ay oak means of determining dosages in bactericidal 

: SU oss) at d Knapp®® criticized the test as lacking delicacy. , 

——— a istances the acetone-methylene blue test is 

light, but for recording the ultraviolet 

| Exclusion of air is essential 

t short d ercury-vapor lamps at s! 

wn vid. It is rather slow in sun 3 

over a whole day this is an sassien ee | 

aed e reproducible results by this method. . ; macs : : d by Freer 
ona njum-sensitized decomposition of oxalic acid was employed by 

-e . ; i d to the | The uta diation in the tropics and was applie | 41 in studying solar radiatio in , scale and ie “ot the ‘aihedhtc of the radiations from the mercury vapor arc by . ‘ i‘ 

_— nd Dewey.42 The test was standardized for actinometry by Anderso 
- Mathews 2 ee idt.4° 

Robinson,* Leighton and Forbes, se See ee ee and ko ‘ li id-uranyl salt solution exhibits con 7 d of an oxalic aci ¥ % : the Bee the Bccegion between 3000 and 3800A. In agreement eee os iio slat 
.. v4 of Gillam and Morton with filters of ee i ~adehomngastlte of  experime hich indicated that 25-30 per cent of the | { -y arc, which indicate : d about 
4 ee Be ideurany! salt is due to rays on the kone WaNe _ ere itee res to 
.. t to rays longer than 2800A. The region 2/00 to . a ‘byes 
a, bout 20 per cent of the change. With the nee in rig D h 0.105 = : 86.7, an rougn v. h 0.09 inch of Vitaglass was 86./, 

pearelie e test appears to indicate in a very sits subi erg 
. n 

: ity of those radiations effective in producing verneen nnd “ie ate Liam 

| Bons the test to be a measure of the rather indefinite dye tading 0 ber cent “arid 
_ € Pyrex transmits 40 per cent, 8.2 mm. of clear Corex urea ‘el 4 mm. ‘a ee (10.2 mm.), 19 per cent of the total radiation “e outigh 

a etiod.*7 Erythema on the upper arm is said to be reyes S ek centi- 
: Be rtity of radiation which decomposes 0.056 mg. of oxalic acid per sq | | + bay ditions. 7 Sale: ; ‘meter in three minutes under mene con 48, idiom elsobationobethite: testy nisinigia 

The “Uroxameter” of same i ee d Tatlock) rotated during irradiation 
ee} ioned vessel (made by bair 43 isted of 
Deiirey es at a distance of 6.5 inches. The test solution consisted of a 

account es 

~ taken as : 
j eh window glass, 67.5. Th 

ol 

$8 Gj A. E, and Morton, R. A., J. Soc. Chem. Ind., 46, 417 hae 

a E end Knapp, A. W., J. Soc. Chem. Ind., 44, 453 (1925). Dae 

4 ee. Sp 7 B., and ‘Gietaness., A. D., Brit. J. Actinotherapy, 5. 6e-+¢ P 

—_ C., ae Gibbs, Ss ae ss ae 16, te hat tel ct 

| D ge dy Thess de PUSS. em., 11, : 

a. of oe mea Bchiacda. Weg Date, Ouem tSoer, At, 18 (1928), gue 
ar 3 aan ei Forbes, G. S., J. Am. Chem. Sey 52, 3139 (1930). a : 

Sa actinometry in polychromatic light are discussed. aitet Lt aa ai ae 

B Forbes G. S., Kistiakowsky, G. _B., and Heidt, L. J., J. Am. " - e 

For a discussion of the reaction, see Chapter 24. 
., 44,°453T (1925). 48 Moss, J. E., and Knapp, A. W., J. Soc. Chem. Ind., 44, 49 

47 Atki W. R. G., and Poole, H., Sci. Proc. Roy. Dublin Soc., 19, 355 (1929); Brit. Chem. 
tkins 7 , 25 

Abs., A, 1249 (1929). 
4 Moss, J. E., and Knapp, A. W., J. Soc. Chem. 

(Jan., 1927). 

43 Anderson, 

Ind., 44, 453T (1925); Brit. J. Actinotherapy 
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: . son 59 finds the method satis- mixture of 20 cc. of a 2-per cent aqueous solution of oxalic acid, 5 cc. of a J. g at about 3200A. Mayers 
a imum darkenin easuring solar ultra- cent solution of uranyl acetate in water, and 20 cc. of distilled water. For use a yith 4 Behe change in reflection factor i ae wins Aa inane and the carbon arcs, an alternative stock solution richer in uranyl salt was recommendeg factory diation, he finds the siecle: . usefull of these. three itiethods1/(Rle and called the “20-strength” solution, since with it the distance of irradiation had iolet acid-urany! sulfate reaction t oe ehatcarnkleors anith-théeernctiede. to be greatly increased. The 20-strength solution was rather unstable, and haq oxalic ts a comparison of the data obtained by 

according to Gillam and Morton, a somewhat different absorption spectrum than the p! elated to absolute units. ae Ween of the. active chlotine .cortemtiot normal mixtute. Use of the stronger solution increases somewhat. the Values ee nschimmel 60 suggested the oe ne nedgure, ofthe, intensity ok deals obtained through Vitaglass from a given source, the K.B.B. lamp. It was reported 4 Be ine-T in 0.2N solution in met ee «+ inet tubes ia Wentngormatlon sel tome that a thickness of 2.2 mm. of the reacting solution absorbs all rays shorter than chlor The reaction was carried out in gla ) 3Z10A #9 and the method was said to indicate sensitivity to the region 3200-23004 light Brackett and Forbes 59 determined the gross quantum yields (see Chapter 125 atl 
21°C. (expressed as moles of oxalic acid per quantum) in a solution in Which 
uranyl sulfate is 0.01 and oxalic acid 0.05 molar. The yields are 0.48+0,0] at 
2080A, 0.630.03 at 2530A, and 0.59=£0.01 at 2780A. Forbes and Heidt 51 used 
uranyl oxalate rather than sulfate (.005 mole) and oxalic acid (.0025 mole) Der 
liter. According to Pitzer, Gordon and Wilson 2 the rate of reduction of urany] 
ion is small until just enough oxalic acid remains to form uranyl oxalate, when the 
rate of reduction rapidly increases. The presence of sulfuric acid has no effect on 
the relative rates. The photolyte in the actinometer is a complex, H,C.0 
UO.C204 which ionizes as a strong dibasic acid. _ 

The hydrolysis of monochloracetic acid has also been employed in actinometry,53 
Bagnall > reports that the amount of iodine liberated from a solution of potassium | 
iodide acidified with sulfuric acid is a measure of the chemical activity of sunlight 
and Rousseau 55 used this reaction in testing the permeability of various substances to the ultraviolet. Moss and Knapp *% suggested that the reaction should be carried 
out in quartz vessels. They also pointed out that unless one unit of ultraviolet 
radiation liberates the same quantity of iodine from the nearly colorless potassium — 
iodide solution as from the orange-colored mixture of solutions of iodine and potas- — 
sium iodide, the quantity of iodine liberated will not be directly proportional to the 
amount of ultraviolet radiation incident upon the solution. Hymas ©? finds that for 
periods less than ten minutes, the amount of reaction is proportional to the energy 
absorbed. .The potassium iodide-starch method has a temperature coefficient — 
between 25° and 62°C. of — 1.042 for ten degrees. He also finds the deterioration — 
of a mercury lamp to be apparently greater when tested by its action upon potassium _ 
iodide than by its action upon sensitized oxalic acid. , 3 

From their studies of various methods, Gillam and Morton concluded that the 
nitrate and carbon tetrachloride methods are most suited to measure the bactericidal 
rays, while the three oxalic acid methods are more suitable for measuring the © 
“middle ultraviolet.” 

Clark 58 employs the rate of darkening of zinc sulfide as a measure of ultraviolet 
intensity. Zinc sulfide and lithopone are sensitive from about 2500A to about 3600A, 

~. -lengths is available. 

Beech ee po ankenburger 61 measure the erythema-producing elie bedi 
. poe the photochemical formation of Wee ele : se Hes aaantai 
ultravi0'™ id ulfite. For radiations of 3 an x Pcs _. ocyanide or s an id sulfite is added to the of its oc A ia tity of potassium cyanide or ou : ; ‘is one. smal quantity ble to BE solution. By using sufficiently thick pea =: mee ren nir pene: 

alcon® 15 dye molecules, corresponding to 6.8x ergs. 1'0 vg el 
i oo . ie per square centimeter, the Pa is oe ee ree ms 

pities © 2 hotolysis of crystal violet leucocyanide : 
Kami ee ete ide f hich the Einstein Kaminsky h hylene-green leucocyanide for whic : otolysis of methylene-g ; t 

, es ‘a = codapies 12) holds with an accuracy of 2.5. pet a Mees . ad an average precision of 1.4 per cent for three wave-lengths. 
 yalue 2 : L light ; tion is said to be especially adapted for the measurement of very small lig 
reactl 

4% 

_ energic® d 63 used a fluorescence photometer with different chemical 
n and Bir “ee : ight ees to measure the relative intensities of monochromatic ultraviolet lig 

substan : | they could check the intensities as given by 

| Tt arp Cons PS rotgmathie method may be employed ee 

ae icatels: the ultraviolet energy.°4 Although fluorometers a. Soe 
a ie 65 Forbes 66 does not regard them as very precise. ae 

Bones 87 investigated the effects of light on voltaic cells. The re Rc 
leccribed as electrochemical actinometers. The maximum sensitivity ee he 

ee electrodes of mercury salts in contact with 10 per cent sultur ey 

es Peck for mercurous chloride and at 2967 for mercurous bromide. 4 . 

i ; ‘ad bromide are sensitive only to the ultraviolet; they are fluorescent un i 

kif itting a strong visible radiation. The effects were too great oe e 

i ce d Fike attributed to photochemical changes at the surfaces of eas 
ae Ae Glms. There: are, in addition to an electrolyte, two simi : 

a Bates one kept dark and the other irradiated. Polarization an 

al effects. also play a part. With copper electrodes in copper sulfate, an 
. 

; 22, 106 (1935). ., a 
89 Mayerson, H. S., Am. J. Hyg. ’ vas choot): Cham: Abe ar abe ttbee 

i i . Cechoslov.. Rep., 51, : ett 

ee chin eau Fitna eke chlowiee has been proposed as ; epttoe mana ae i 

Ochs ae Betis P 463,994, April 9, 1937, and 469,636, July 29, ‘ ; 
C. Chilowsky, : 994, 7 

& Faraday Soc. 27, 561 (1932); U. S. P. 1,845,835, 
| ae Heperten beets Bea Re and Zimmermann W.; N bo hea SRE Ne ee 

ype 36" fot C1832). Diazo compounds have also been omgoya are ae Pena: 

es apek T van der Grinten, French P..820,108, Nov. 4, i hem. Sy Bas 

sfarris, L., and Kaminsky, J., J. Am. Chem. Soc., 57, ie Js 

Ei rderson, W. T., Jr., and Bird, L. F., oak a of, 22 , 

= d, A. K., British P. 320,794 (1 : aie 

Be riither ee Elektrochem., 19, 390 (1913); Gyemant, A., J. Opt. Soc. .Am., 12,65 ( 

‘ G. § . Phys. Chem., 32, 488 (1928). : ts a 

hr ae a ea) vend., 180, 587 (1925); J. Soc. Chem. Ind., 689A (1922); Ann. Physique 
Athan oe oe , - | | 

4, 318 (1925). 

* Moss, J. E., and Knapp, A. W., Brit. J. Actinotherapy, May, 1927. - 
wmrprockett, F. Pi Jr.) and Forbes, G. S., J. Am. Chem. 59¢.; 55, 4459°°(1933); 
5t Forbes, G. S., and Heidt, L. J., J. Am. Chem. Soc., 56, 2363 (1934). 
52 Pitzer, E. C., Gordon, N. E., and Wilson, D. A., J. Am. Chem. Soc., 58, 67 (1936). 
°8 Dain, B., and Puzenkin, E., Ber. Ukrain. wiss. Forsch. phystkal. Chem., 4, 75 (1935); Brit. Chem. Abs., A, 1211 (1935); Chem. Abs., 29, 2451 (1935). 
*4 Bagnall, H. H., Analyst, 54, 101 (1929). 
55 Rousseau, E., Compt. rend. soc. biol., 93, 1480, 1482 (1925). 
56 Moss, J. E., and Knapp, A. W., Analyst, 54, 334 (1929). 
57 Hymas, F. C., Quart. J. Pharm., 2, 281 (1929). 
58 Clark, J.. Am. J. Physiol., 69, 900 (1924); Am. J. Hygiene, 9, 646: (1929); J. Opt. San Am., 21, 240 (1931 
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E.M.F. of the order of 40 millivolts can be obtained, the irr 
negative. 68 

Intensities of Various Lines as Related to Their Origins. 
niques described above have been applied to studies of the int 
lines and the results interpreted in terms of the probabilities of 
the corresponding transitions between energy states. 
since the photochemist is more concerned with the br 
distribution of the spectral intensities withi 
with the physical theory of the intensities 

the occurrence 
These will not be discy 
oader features of the en 

of individual lines. 
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Ficure 45. Variation in Total Radiation Emitted with Variati on in Power Input (Coblentz, Long and Kahler, Bureau of Standards Scientific Papers). 

DATA ON THE Output AND SPECTRAL DISTRIBUTION OF Quartz Mercury Arcs 
Hulburt ° found the total radiation from 6 

lamp as measured with a thermocouple to. be 1.54108 ergs per second. This 
would be equivalent to about 50 quanta emitted per mercur 
all the energy at 5000A. Kiich and Retschinsky 7° 

®§See also Iimori,: S a -- and Takebe, T., Sci. Papers, Inst. Phys. Chem. Research, Tokyo, 8, 131 928). 

(1906); 22, 595 (1907); see also Pfliiger, 
178, 2071 (1924); Shoda, M., 
+» Ann. Physik, 33, 335 (1939). 

Compt. rend., 
9, 27 (1934); Chem. Abs., 28, 4310 (1934); Koch, B 

adiated electrode being 

The physical tech, 
ensities of vario.. 

S of ) 

Sseq 

~ nerea n the various wave-lengths regions thay 

000 to 2300A from a quartz mercury — 

y atom per second were — 
studied the spectral distribution | 

Japan. J. Physics, 
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from mercury arcs. They determined the total visible eased hes 

: 2 f individual visible lines by a flicker photometer, the ultravio! i 4 
a jntensittes » ell and the continuous background by a photographic a ae 

i Eeivated absorption by mercury within the lamp.7! Other min ates 

oa energy distribution of this source were made by Ladenburg, 

a and Buisson,74 Winther,”® Allmand,’® Souder,” Coblentz, 

(Figure 45.) The experimental curves are closely represented by the 

rmula B= a 2.314 Lette: 
; eld inted out that the early work could not be used for a calculation of 

. Be ctint of energy emitted at any particular wave-length. He gave an 
the abs _ e-length diagram for a 100-hour old Cooper-Hewitt 110-volt lamp 

a nt 62 volts and 4.2 amperes. In his diagram each “line A begaece O S 
operated § rm, the base of the triangle being the wave-length region included. 

triangle 4 has adopted since the monochromator slit employed transmitted a 
1 his — of wave-lengths rather than just the line width. Reflection and absorp- 

coe, and the influence of compound lines, were considered.§! For the relative —+jon ’ ; ie | iven energies of the mercury lines expressed in arbitrary units, he found the values g 
ener 4° 
a Table 2. : . 

’ | Table 2.—Relative Energy of Mercury Lines. 

i Intensity ave-length Intensity Wave-length 

oS 5 Pi 12.1 303. mu Rie 

254 39.5 313.5 3.0 
Oo). 4 

oi 6.6 366.5 326.0 
275 200 406.5 ted 

280.5 20.3 A375 ae 

290, 17.9 559. 189.0 
297 82.7 585. : 

BEES srbris contained some discrepancies in the ratios of the n gine 

4 Boricus lines. For example, Pfliiger found that of iar Pre = to t a a i 
3 ; : gave it as 27.4 to 42.9. The source to be 140 to 90, while Ladenburg gave it a : the relative “ss . : i Reeve to the influence upon ther discrepancies was attributed by os a . | 

ities of various lines of the electrical conditions, dimensions and age of the 

| on standard type commercial lamp run on 2.2 amperes and 10 volts per prin doie 

‘will deliver at an exit slit 401 mm. of a monochromator with 50 mm. o J 

™ Kiich, R., and Retschinsky, T., Ann. Physik, 22; 852 (1907). 

P@Ladenbure, E., Physik. Z., 5, 525 (1904). 
-™®Hallwachs, W., Ann. Physik, 30, 593 (1909). 

™ Fabry, C., and Buisson, H., Compt. rend., 153, 93. (1911). 

% Winther, C., Z. Elektrochem., 20, 109 (1914). | 
% Allmand, A. J., J. Chem. Soc. Trans., a 682 (1915). | . 

1916). 
4 eae: eae Kahler, H., ne oe. oe Sci. Paper, No. 330 (1918). 

., Lbid. No. 378, 2 ); 

; im tee aa ae ae Ibid. No. 378, 233 (1920); see also Boll, M., Compt. rend., 

156, 313 (1913); J. Chem. Soc., 104, 182 (1913). 
8 Reeve, L., J. Phys. Chem., 29, 39 (1925). 

8 Franklin, R.. Maddison, R., and Reeve, L., Ibid., 29, 713 (1925). 
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and. an aperture ratio 4.5, 8X 103 ergs per second at 3660A and 4X 102 er "2S pep 
second at 2800A, where the energy of a quantum is nearly a third greater,82 a 

Beesley and Ridyard 8° recorded the energy distribution of a Uviol lamp burning 
at 29.5 volts and 2.42 amperes, and compared it with the data Pp reviously obtaineg 
by Allmand,** as well as with the energy distribution of the qua . rtz mercury lamp 
Their data are not included here as this lamp is now rarely used in photochemicay 
work. 

600 
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Figure 46. (McAlister, Smithsonian Miscellaneous Collections.) 

Atkins and Poole 85 compared photochemical and photoelectric measurements of 
the radiation from a mercury vapor lamp. Andant and Lecompte 8¢ recorded 
the relative intensities of the principal lines from the yellow doublet to 2536A _ 
emitted by mercury vapor lamps of various designs functioning under different E 
conditions. For the same arc, the intensity of emitted radiation changes greatly — 
with the arrangement of the apparatus, especially with the voltage at the terminals. 
For two different arcs and for the same spectral line, an identical variation in each — 
lamp does not produce the same effect on the emission. 

82 Forbes, G. S., and Harrison, G. R., J. Am. Chem. Soc., 47, 2449 (1925). 
83 Beesley, E., and Ridyard, H. N., J. Phys. Chem., 32, 1342 (1928). 
84 Allmand, A. J., J. Chem. Soc., 107, 682 (1915). 
8 Atkins, W. R. G., and Poole, H. H., Sci. Proc. Roy. Dublin Soc., 19, 355 (1929). 
86 Andant, A., and Lecompte, J., J. Phys. Radium, 1, 65 (1930). TA as 
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ive intensities of prominent lines in the ultraviolet have been studied 

Stair and Hague.8? Absolute intensities in the visible and ultraviolet 

been recorded by McAlister.88 In Figure 46 are given the intensities 

ane ee at 250 mm. from a 20 mm. midsection of a 400-hour-old Cooper-Hewitt 

of 32 lint nt arc operated at high intensity (4.5 amperes and 150 volts). These 

direct essed in microwatts per square centimeter may be multiplied by 7 A to 

values, BP iinate values for the full length of the arc exposed. Figure 47 gives 
Be data for the same arc operated at low intensity (3.0 amperes and 44 volts). 
sim! ° 

The relat 

, Coblentz, 
¥ oes have 

cee ala 
a | ie PULP atatsiteledad with { p 

Ficure 47. (McAlister, Smithsonian Miscellaneous Collections.) 

| 
AA AB la A> A Ll 

Ge sasisuittred hatelehlsineeducduate Be | 

Inthe former case the vapor pressure of the mercury is approximately annoapen 

in the latter it is but a few millimeters. Microphotometer curves of creer 

- the region of the resonance line (Figure 48) show that even under oe % ensity 

conditions, the resonance line is partly reversed by sels dap S. mercury vapor, 

and that at high intensity conditions it is completely absorbed.89 ‘The mercury arc 

87 Coblentz, W. W., Stair, R., and Hague, J. M., Bur. Standards J. Research, 8, 760 (1932). 

j } } } 8%, No. 17: (1933). 
8 McAlister, E. D., Smithsonian Miscellaneous Collections, 87, 
aa W., [Phil. Mag., 23, 689 (1912)] found mercury vapor to retro its sbesessais i ch 

80 Pencil , that a quartz bulb filled with mercury vapor at room fempesaping ett i soune ve 

mm.) Facts a shadow when illuminated by. this line alone. A Rare s Bice igtinge eet se 

intensit to one-third its initial value. ‘This is not the only line -absorbe orgs cre Hake ce 

arc Badition Crew ., and Dawson, L. H., [J. Opt. Soc. Am., 17, a 1 ee 
thirteen Bee. including two “Spark lines’? to show self-reversal. Ae ees e i se aN ue wey ey 
and Thomas, A. Phys. Rev., 30, 466 (1927); Mohler, F. L., Seis eee “ee ® , 

Bis, 74 (1927); Kopfermann, H., and Tietze, W., Z. Physik, 96, Ry 
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usually employed apparently does not emit this fesotiatice line. 

continuous background. Four different arcs showed differences avera 
cent for some lines, the maximum being 10 per cent for the 2537A line. 

Ficure 48. Microphotometer Curves in the Region of the Resonance 5 Line (From McAlister, Smithsonian Miscellaneous Collections). 

Observations made with the aid 
energy into various regions. 

Table 3.—Distribution of Energy for Mercury Arcs. 
pa A 

: 0.2-0.35 4 35-1.4u °1.4-194 >194 Total 
High Intensity. } 3 a t Peak y ‘ a oe ar mew. cin; 84. 167 245 68 564 | 20 mm. of vertical arc er cant 14.8 ° “*g9'9 es oo 100 

a mew. cm.” 600 1130 2710 350 4700 Total vertical arc per cent 12.5 23.6 56.6 7.3 100 
heeeica oo mew.em? 615 995 2700 370 4680 Total horizontal are. ner cent 13.2 AD SAF 79.) 00 

i tr aeelice cent 30.80 817 83, 108 es. ei tl per cen HO d : PO fj ay mim. of vertical arc mew. cm.~2 28 77 77.5 8.0 0% 

mew. cm.~? 19.8 59.6 704.8 124, 908. Total. vertical arc per cent 23 6.6 77.6 13.5 100. 

Forsythe, Barnes and Easley 9° have compared the intensities, distribution, and 
output of ultraviolet radiation from the quartz mercury arc and several types of 

(19 

In the high intensity 

arc, the energy in this region is all due to the neighboring 2534.8A line and to thé 

ging 2 Der 

of filters (Table 3) showed the distribution of 

90 aed W. E., Barnes, B. T., and Easley, M. A., J. Opt. Soc. Am., 21, 30 (1931); 24, 178 — 
34). , 
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y » (see Chapter 8), and Waguet Oi thas studied tiie light emission an 
‘oti cs et high pressure. Other relative data, ee ge with a spectrometer 

mercut iven by Oguri. 

a d oo eae ee ae, of me light from a given mercury are 

r It Bes ter and intensity with the part of the lamp from which the light is 

maries 11 ai Bintan occurs because of irregularities in the thickness and curva 

emitted z Rowtz envelope. For accurate spectrographic work, this source of errot 
ture Bc medied by inserting a plane quartz window in the side of the burner. 
may ) 

FicuRE 49. Y 

Effect of Arc Voltage on 

‘Intensities of Line Groups 

(Johnson and Burns, Journal 

Optical Society of America). 

60 80 

Vo/tage — 

40 

— Arc 

Absolute line intensity and energy distribution data in oe ae ee 

arcs were obtained by Johnson and Burns,°* employing a pak . ‘is a bs Stock: 

ol ing as comparison a standardized mercury at c) develop oe, 
ae Rabie In this method, characteristic curves for the plates ne : : 

Beach line measured. Variations of the line intensity utes fa ier aes oe : 

| were measured on a quartz radiometer, and converted into absolu 

See also Kern, J., Z. tech. Physic, 19, 249 (1938) ; 

{MWaguet, P., Compt. rend., 201, 450 (1985). Bee a0 SO” “Bhysik. Z» 37, 800 (1936); Chem. 
_ Chem. Abs., 32, 8929 (1938), and Larché, K., 

Abs., 31, 6549 (1937). — 

Ee Beir S.. J. Chem. Ind. (Japan), 38, Suppl. binding, — 

‘Ch , B, 635 (1936). . 
aes Ts Ai Clark, L. H., J. Sci. Instruments, 6, i peta 

% Johnson, L. B., and Burns, L., J. Opt. Soc. Am., 23, 55 ( : 

392 (1935); 39, 35, 143 (1936); Brit. 
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parison with the absolute values determined by photographic photometry a; one 
current and voltage. . | Rt Nm | The vertical type high-pressure arc had an arc length of three inches. The cur, i | lll rent was kept at 4 amperes by a hand-controlled rheostat and the voltage was main. MH | | tained at 45 volts by a voltmeter, photoelectric cell and an amplifier so arranged as sf ore 51. +e 

| Hi 

; 
- 

Oo | | | ; eee of Arc’ Voltage on © 
| ii | 4 

; lative Output in Various 4 Il rs 
a jons (Johnson and Burns, % 

| ie | R 
eral Optical Society of 

| | a 

erica). 
| Hi g 

Ficure 50. _ ." | uN 
Effect of Arc Voltage onl | * 

O in F Spect | 
| 

utput in Four Spectra] Re. # . / x 
gions (Johnson and Burns, 

ee A 
| S 

Journal Optical Society of 
‘1 Fisure 50. The total 

| ; nee): -ons of the intensities of each ie sir kas cesar: ered RET AE 3 
| Sy 

gv» ~ hole arc, including the eA, ee tase is shown in 

| | # 
+adiation for the w , <a € intensity with the voltage is s 

| ~ 
ra , iation of 1n x : 

i S er square mm. at ay cm. The var | 
| iS 

Table 9. Table 5.—Variation of Intensity with Arc Voltage | | si 
80 70 Gi) mavel O72 187 0888 

| — Are Vostage — 
Arc e 10.74 8 60 6.50 4.43 Lda : 

i 

 Intensi 
| 

| to control the voltage through the temperature by regulating a blast of air on the Ae | 
cathode of the arc. Table 4 gives the intensities of the visible and near ultraviolet 

rs 
lines. The low pressure arc was 22 inches long and was operated at 4 amperes and 

R 
. approximately 37 volts, 

| 4 i : 

_ 
| 

Table 4.—Intensities of Visible and Near-Ultraviolet Lines. . Q 
| 

: ? Intensity (watts X10-¢/mm.2 at 50 cm. oe a) r—7-————for 1 inch of arc) 
% 

'S 

| 
Group ~ eabrie High-pressure arc Low-pressure arc _ FIGURE 52. = 

| Yellow Lp Oe LA. . 102 0.009 Effect of Current on Inten- 
| 

= 5770 0.124 0.010 ; sities of Line Groups (Low- mY . Green 5461 — 0.305 0.057 pressure Arc) (Johnson and i | | 4358 0.232 0.053 Burns, Journal Optical Society Blue 4348 0.014 0.0008 of America). | 4339 0.006 0.0003 
> rt 4078 0.022 0.0058 
Ps 

Pe 4047 0.170 0.042 
S | (3663 0.075 0.0068 
2 

3660 3655 0.086 0.0075 
S 3650 0.190 0.0126 
y 

Figure 49 shows the variation of the intensities of the line groups with arc 
0 

voltage for the high-pressure arc carrying 4 amperes. The results confirm the data of earlier workers that lines of the same series (5461, 4358 and 4047,. which give most of the radiation in their groups) increase in intensity together and retain their intensity ratios. 
By the use of filters, the total radiation was divided int to four regions (A, i 14,000-40,000A ; B, 3800-14,000A ; C 2950-3800A ; D, 1850-2950A) and the varia- | 

2 5 ie a 
— Arc Current — 

iati the In Figure 51, the results secured are expressed in terms os iene feta a : 

_ per Bet of the tou radiation in each of these regions with arc 

amperes ). 
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For the low-pressure arc, the variation of the intensit i > lov ‘ y of the groups of lines ; 
Table 4 with the current at 37 volts, is given in Figure 52. The iow-peesceae ‘< 
was very sensitive to drafts and changes in room temperature. Immediately ated 
a sudden reduction in the arc current, the total intensity went up, but after ten “7 
fifteen minutes came back to approximately the same value. If the arc was runnin : 

Ficure 53. 

Fffect of Current on Oy | 
put in Four Spectral Regiong 
(Johnson and Burns, Journ] 
Optical Society of America), ‘ 

a 

Intensity (watts x 10-7 per mm?) 

2 
_ Are Current 

at 40 volts and a blast of air was played upon it, the arc voltage would decrease 
until a minimum was reached at about 36 volts. At this point, if the arc was furthel 
cooled, the voltage would again increase. The line intensity depended on whet a the arc was running on the hot or the cold side of the minimum. The data in the — figures were obtained on the hot side. "4 
_ The variations with arc current of the intensities of each of the four regions — 

separated by the filters from five inches of are are given in Figure 53 along with 
the total intensity (curve E). The latter is believed to be constant, the variation 
of the individual points from a horizontal line being ascribed to the seHaitivity of the | 
arc to varying ventilation. The effect of variation of the arc current on the energy | 
distribution is given in Table 6. It is important to note that at 2.5 amperes, the 

Table 6—Energy Distribution. for Various Arc Currents. 
Region 4.5 amp. 4.0 amp. 3.5 amp. 3.0 amp 2.5 am 

14000-40000A 12.3% 13.0% 11.9% 11.0% 9 9% 3800-14000A 53.9 52.8 50.0 45.0 37.8 2950-3800A 15.0 13.4 12.0 10.3 8.8 1850-2950A 18.8 20.8 + 261 337 43.5 

intensity of the far ultraviolet reaches the high value of 43.5 per cent, and it 
appears likely that at lower currents, still higher percentages may be found although | 
the arc then becomes very unstable unless there is accurate temperature control of 
the surrounding air. Johnson and Burns also included data for the low-pressure — 
arc in Uviol glass, and in UV 690 and UV 888 glasses. | 
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# owen and Wright 95 have considered the effects of the position of the are upon 

 -nectroscopic analysis of the ultraviolet. Data comparing energy-emission for 
se SP artificial sources of ultraviolet radiation have been reported by van Wijk 

rink,9® Greider 97 and by Krefft and Pirani,?® the latter dealing chiefly 

of infrared rays. 
d Leighton 9 indicated the complex nature of the factors controlling 

intensity of a given line and showed that for any line and current strength, the 

imum intensity is proportional to the pressure, the slopes and intercepts vary- 

th the wave-length and internal diameter of the lamp. This relation was 

heres in the constricted arc, but in a 9-mm. arc at high pres- 

es the intensity increases less rapidly than the pressure. The latter phenomenon 

tributed to the presence of a 3-mm. shell of absorbing vapor. 

rrison and Forbes 1° found that for a given power input, the intensity is 

h greater for high voltages and pressure and low current than it is for high 

nt and low voltage and pressure. In Table 7 are given for the wave-length 

5 arbitrarily numbered in column 1 (including the lines in column 2) a rough 

{ the relative intensities of the various components of each group. The 

ts were obtained with a spectroradiometer with a silver-bismuth thermo- 

No corrections were made for reflection or absorption in the optical train, or 

he effective slit-width. Only the relative intensities of single lines were 

Forbes an 

131 

x 

for t 

Table 7.—Relative Intensity of Various Wave-lengths. 

Relative Relative 

Group Wave-lengths Intensity Group Wave-length Intensity 

oe 1,2 « selective quartz ? z 3663 4 
a radiation 3655 6 

3650 10 

o 11288A z 
. 10140 5 10 3352 

3342 

4, 6234: EE 
. 6152 2 11 3132 4 

Ns 3126 5 

5 5819 3 
5804 3 iz 3026 { 
5790 3 3024 2 
5769 6 wee Z 
5461 5 | 

13 2804 1 

7 4539 5 | | 
4348 5 14 2700 a 

8 4078 3 15 2537 ae 

| 16 2438, etc. 1 ‘i 

Also, it was pointed out that the intensity of any line increases linearly (at 
Constant current maintained by varying the ventilation of the arc) as the voltage 

Owen, E. A., and Wright, P., Brit. J. Radiol., 5, 330 (1932). 
_ *van Wijk, A., and Reerink, E. H., Physica, 13, 289 (1933). 

- % Greider, C. E., Ind. Eng. Chem., 23, 508 (1931). 

* Kreftt, H., and Pirani, M., Z. tech. Physik, 14, 393 (1933). 

sant bess G. S., and Leighton, P. A., J. Opt. Soc. Am., 12, 53 (1926) 

» Harrison, G. R., and Forbes, G. S., J. Opt. Soc. Am., 10, 1 (1925). 
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variation in total intensity when the pressure is as high as possible. As this is the 
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devitrification and discoloration of the quartz is reduced, avoiding the gradient is increased beyond a limiting value which varies with the individua] lin | c . ; | 54 104 and the current. Table 8 shows for the numbered groups the ratio of the Intensitjeg id fall in efficiency most marked in the on eee eee ee cones 
to that of the yellow-green lines (maximum or group five) for various voltages af 4 , 5 in the left half the changes (on starting : at si ie ode in 
2.5 amperes. The energy of the 3660 line was found to be increased 17.1 times fy, . energy, energy of the arc and electrodes, and arc alone, the la “ 4 

| y tota rned with the emission of the mercury lines. The right half of the figure 
Y conce heavy lines the effect of cooling the arc on the increase of current, the Table 8.—Relative Intensity of Groups to Yellow-Green Line. : 

ded in the arc, electrodes and.arc and the total watts. In lighter lines 
shows in 

Ratio to Maximum Five (Yellow-green Lines) erey expel 
aos: Tee Oo ee FR Oe oe c 2 shown the corresponding effect of increasing the series resistance. Maddock 1° 
aximum Olts OLtS OLtS OLts OLTS at F : 

3 0.347 0.337 0.359 0.375 0.402 q | | 
3 oe | oe ie tak pe . : AMPERES ere ae 0.72 0.738 0.6 0.600 0.562 a | g 0.375 0.474 0.407 0.369 0.345 > (er sae 9 0.909 1.100 1.120 1.080 1.050 _ | ee ee 10 0.587 0.705 0.638 0.545 0.545 . | ae eee PA 

14 0.013 = ‘O47 0.168 0.166 0.165 4 | 
15 0.013 0.170 0.180 0.171 0.165 

a 3.5-fold increase of the voltage gradient (from 4 to 14 volts per centimeter). Algo 
it was stated that at 4.5 amperes and 25 watts per centimeter, only half as much 
energy will go into the yellow-green maximum as will when the current is 150 
amperes and the voltage three times as great. For high efficiency, the arc should be 
cooled as little as possible. The ratio of intensities of any two lines of the same. 
series was essentially constant. . 

The average arc shows the smallest change in energy distribution for a given 

condition of greatest intensity of all the maxima, the best operating conditions: seem 
to comprise as high a pressure and voltage drop as is consistent with the life of 
the lamp and with its mechanical structure. 

Asada 1°! proposes for the relation between the light intensity, the current and 
the potential difference, the expression, G=kI(V—a)", where G is the light 
intensity, k a constant, J the current, V the potential, a is a lamp constant deter- 
mined as the least terminal voltage, and u is a constant for any given wave-length, 
The relation holds for both alternating-current and. direct-current lamps, effective 
values being used in the former case. The value of » depends upon the type of 
current used. | Gg 

Farris 1°? found that there is a great outburst of ultraviolet energy from a cold - 
lamp immediately after striking the arc, the current then having a maximal value 
and the resistance and voltage minimal values. This initial flare is quite evanescent, 7 

perae pollowed oy 2 Salen Ue we fea) Onset or te p ae ee ands surrounding the burner, and tabulated absolute intensities for thirty lines between incandescent period. The latter begins after the first minute of arc striking has 7000 and 2300A : 
elapsed.1°? During the next two minutes, the voltage doubles and the lamp warms 7 ; 
up, raising the vapor to incandescence. In the second and third minutes, a precipi- J a o MEANS FoR INCREASING THE OUTPUT OF THE RESONANCE LINE 
tous rise in emission occurs, the slope of which can be affected by controlling the | 7 
temperature of the lamp. A blast of air causes the emission to rise slowly to its — 
final value. A parabolic reflector behind the lamp reduces the rate of cooling on 
one side, so that incandescence is reached more quickly, but the emission falls again — 
to a level slightly below that of the lamp under normal conditions in still air. For 
a constant source, the arc with a fan directed upon it, is to be chosen. Under these 

~~ 

IN 
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 Ficure 54. Energy Distribution under Various Operating Conditions (Buttolph, 
e Review Scientific Instruments). 

‘plotted arc watts—intensity variation curves for temperature variation of the air 

To issue from the lamp the light of the bright radiant axial thread must first 
‘penetrate the envelope of vapor and undergo absorption. To obviate this absorp- 
tion effect the temperature of the envelope may be reduced thereby lowering the 
Vapor pressure. This can be effected by cooling with water, but owing to conden- 

| sation of mercury vapor, a coating of mercury may form on the inside wall of the 

| lamp and prevent the issuance of light. Another method of preventing the limita- 
101 Asada, T., J. Elec. Eng. Inst. (Japan), 51, 36 (1931); Chem. Abs}; 26, 1522. €1932), 
102 Harris, D. T., Rev. Sct. Instruments, 6, 2 (1929). 

103 See also Watters, B. D., Brit. J. Radiology, 81, 163 (1924). 

- to Buttolph, L. J., Rev. Sci. Instruments, 1, 497 (1930). 
Maddock, A. J., Proc. Phys. Soc. (London), 47, 424 (1935). 
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tion of the output by absorption, used particularly in lamps for the study q 

resonance phenomena where a strong emission of the resonance line is required q 

based upon 196 deflection of the arc toward one side of the tube of the lamp } 

means of an electromagnet. This operation is said to raise the temperature of if 

tube at the place where the arc is applied, thus burning an aperture in the fl” 

resulting from condensation. The light of the deflected radiating arc will ical 

through this aperture without having penetrated an absorbing layer of mereyy, 

vapor. Figure 55 shows the construction of this apparatus. | | 7 

i, piece of carbon (c) screwed on the end of the upper nickel-steel pin. The 

fess block (b) has in addition two lateral, horizontal, threaded bores. By means 

Oe ehese apertures the ends of two iron rods (m) are screwed up close to the wall 

ot the 1am; over these rods are pushed coils of wire (e). Each of the two coils 

4 5 200 turns of covered copper wire of %4 ohm resistance; the current employed 

ee) to 3 amperes. The electromagnets so formed produce lines of force at right 

eagles to the axis of the lamp. The block (b) has another horizontal bore (f). 

this passes through only the rear half of the block and can be closed by a quartz 

Bate. When the lamp is burning and the electromagnets are so connected that they 
Pject the arc to the rear, the light will issue through the bore (f) and enclosing 

T 

bo | 

Ww 

“ : i Ye W7/ SSE : = ee sabes Apparatus fo 

DDD EDN DD DD) saa ies ND ‘kapnetie- Deflection of ait . 

. cury-vapor Arc. 

; : 
d 

' 

| Sees 7 ale ay 

‘ | N | | 
| 

The brass block (b) has a vertical bore; into this are soldered two tubes (1) 

having branches (w) for receiving and discharging the cooling water. Into til 

vertical cooler is inserted a quartz mercury-vapor lamp (1), which is fastenet 

above and below by means otf bored rubber stoppers (d). The quartz lamp 1s 

vertically burning lamp, which is of the simplest and most compact constructiot 

possible. As leading-in members for the lamp, ground-in nickel-steel pins (n 

Only the metal of the lower electrode (cathode) is mercury. The anot 
} 

: 

 Ficure 56. Diagram of the constricted arc, arranged for pressures up to five atmos- 

pheres and currents from 0.2 to 2.0 amperes. The inserts show at A’ the modified 

form of the constricted portion, arranged to water-cool the hot column so that cur- 

rents up to 5.0 amperes could be used, and below the enlarged ends arranged for 

Pea oe spheric pressure (Forbes and Harrison, Journal of the Optical Society 

quartz plate. The arc is drawn by rotating the lamp into its horizontal position. 

-Tanberg 197 has studied the physical phenomena involved in the passage of a mer- 

cury arc at low vapor pressure in a magnetic field. 

The Constricted Arc. In these arcs the non-luminous portion of the arc 

is eliminated by making the tube of such narrow diameter that it is practically 

completely filled by the narrow luminous thread. They are usually laboratory 

made, and may be operated at pressures up to about 5 atmospheres, but are com- 

; paratively short-lived. Harrington 108 described a lamp operated on 25 VOLES | 

™ Tanberg, R., Nature, 124, 371 (1 i : - 5) 1 ] 3 929 . S 1 i 

aad, sci. U.R.S.S., 19, 393 (1938) ; Choe. Abs., 32, AE pees te eT fF A ne ee 
Serve. 

1 ° % Harrington, E. L., J. Opt. Soc. Am., 7, 689 (1923). 

106 Kerschbaum, F., U. S. P. 1,118,868, November 24, 1914; Chem. Abs., 8, 2315 (1914). 
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° . ° ° ° ° ° : | re d direct current (10 volts per centimeter), yielding a brilliant light of capillary tube _ q Jater one of about 3.. ‘The curves for the veo neue Pipe: be 

dimensions.1°9 Vincent and Biggs 4° described an arc with a 0.3 mm. colump, m etraighter upper portion; those of the constricted arc showe a aaiescapatnanit 
open to the air and carrying 0.1 to 0.16 ampere at 100-150 volts; it had low curre,’ - The curves for the larger arc bent and began to ascend steeply 

en t 

es 7 

Nal 

han 

fall 

ctt per cm., but in those of the constricted arc this occurred at about 20 volts — 
vor There was no evidence of a decrease in efficiency as the pressure increased 

- heres. 
up 10 a of all lines, especially. of 2537A, the shortest mercury arc line 

| Eeacient intensity for general use in photochemical work, was diminished in the 

o! < ted arc. This line could be kept at constant intensity by tripling the 

cons from 0.33 to 1.00 ampere, and cutting the voltage down from 62 to 32 

a + cm., thereby reducing the pressure from 4000 to 1500 mm. The greatest 

pots ia e “ this type of arc seemed to lie in its high internal resistance, giving 

ee Be acies at normal pressures, so that an increase in current becomes more 
high’ : equivalent to an increase in voltage in the production of higher intensities. 

Re was a tremendous relative increase in the 3663A line at high currents, while 

@ ultraviolet maxima except that at 2537A showed higher relative values at 

ee Dine reactions with very low photochemical yields, there is required a 

urce siving very great light intensities with at the same time a high degree of 

a ctral resolution. These requirements were most nearly met by a portable con- 
BS icted arc between two mercury surfaces, confined in a water-cooled quartz tube 

ep? mm. internal, and 7-mm. external, diameter, 38 mm. long, with its ends ae 

to the atmosphere. This lamp could be repaired easily and could be refilled an 

poiled out in ten minutes. There were no sealed-in leads to fail, no possibility of 

damage on reversing the polarity, and no tungsten electrode to pout, the latter 

- being a chief cause of the decrease in ultraviolet output of other arcs. The con- 

stricted arc furnished (per square millimeter of exit slit of a monochromator) 

energy flux up to 30 times that available from a commercial lamp run at normal 

rating. | ‘ 
A further modification was designed by Leighton and Forbes 149 to combine 

Bs fully as possible the long life of large diameter arcs with the high intensity of 

the constricted arc. The legs of an inverted U of 6 mm. internal diameter dipped 

‘into mercury reservoirs left open to the atmosphere. A 5-mm. capillary, nearly 

capacity. Harrison and Forbes ™4 designed two special lamps. The first of th 
(Figure 56) had in A a bent tube 63. mm. long, of 2.0 mm. bore and 7 mm. exte; 
diameter. It extended between two mercury reservoirs, one at a higher level + 
the other. The one at the higher level was made negative, so that it would not 
as the result of the transfer of mercury by the current. The tubes (B and C) of 
5 mm. internal diameter joined the ends of the arc tube to capillaries DD of 05 
mm. bore and 11 cm. long. Their purpose was to restrain oscillations but they 
were large enough to carry 5 amperes without undue heating. These were bent 
through 135°, and joined to parallel tubes, E,E, of 8 mm. bore and 20 cm, long, 
mounted on a grooved strip of wood. By supporting the lamp so that BAC sloped 
down and EF sloped upward, the latter could be boiled out in a few minutes 
through the capillaries and beyond by means of a Bunsen burner, no pump being 
needed. The open ends of the lamp led to short steel tubes FF soldered to leads. 

GG of a 550-volt dynamo run by an induction motor. Arrangements were 
described also for operating the lamp under higher pressures obtained by Means 
of a tire pump. At higher pressures this lamp was much more effective than ares 
of greater section. : 4 

In a modified form the constriction was made only 38 mm. long, the ends of 
the tubes were open to the atmosphere and enlargements L,M, retarded changes ip 
level due to the transfer of mercury. By putting the ends of a long U trough 
under the end of L and above M, the mercury transferred to the cathode trickled 
down the trough to the anode and made the operation automatic. Three amperes 
were required; for currents greater than 2 amperes, the constriction must be 
water-cooled. 3 | 

In Table 9 the effect of variations of voltage and current upon the pressure 
in and the intensity emitted by such a constricted arc between 3650 and 3663A are 
listed. A 15-fold variation was made in the current and in the voltage, but not 

Table 9.—Effect of Voltage and Current on Arcs. 

ee ee ae LA filled with an iron wire, attached to each arm of the U rendered oscillation neg- 
88 LL 0.33 7.00 .. ) diustine th lative heights of 654 28.4 0.33 39.0 ligible. The electrodes were water-cooled, and by adjusting the relative heights o 

3920 57.6 0.335 268. ‘the water and electrode surfaces, mercury transfer was neutralized. The distri- 
29 7.4 1.00 15.0 _ bution of the energy flux (determined by the aid of a monochromator and thermo- 

208 13.8 1.00 43.0 BY se ive | ee | 3 664 21.4 1.00 137. pile) is given in Table 

1398 28.2 1.00 392. , 
fe ae 3.02 940 ¥ Table 10.—Distribution of Energy Flux. 

4.00 2090 “3 
752 29.5 5.00 2600 oe, A 10,140 5770 4350 4060 3660 3130 3020 2800 

_ Ergs/sec. mm. 325 910 490 360 900 610 420 100 

A 2700 2540 
_ Ergs/sec. mm2? 150 99 

in these simultaneously; the result was a 160-fold variation in pressure and a 
400-fold variation in the intensity of the 3660 line. The authors gave graphically 
the intensity vs. voltage-gradient curves at one ampere for six different wave-length 
maxima, as well as at 0.33 ampere (12-58 volts per cm.) for pressures ranging 
from 0.1 to 5 atmospheres. The first arc constructed had a section of 50 square 

100 Harrington, E. L. See also Phil. Mag., (7) 4, 836 (1927). | 
4 Vincent, Js. H., and Biggs, iG. D.,' J. Set: Instruments, 1, 242 (1924). 
ii Harrison, G. R., and Forbes, G.° S., J. Opt. Soc. Am., 11, 99 (1925); J. Am. Chem. Soc., 4h 

2449 (1925). 

Crist 114 gave directions for making an arc that will run at 4 to 4.5 amperes 
and 20-25 volts per centimeter for over thirty hours with fairly constant intensity. 

4 ™ Fabry, C., and Buisson, H., Compt. rend., 153, 93 (1911). 
"8 Leighton, P. A., and Forbes, G. S., J. Am. Chem. Soc., 51, 3550 (1929). 
M Crist, R. H., J. Am. Chem. Soc., 52, 4337 (1930). 
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He later 445 put a transverse magnetic field across the arc to displace the latte; , 
the back wall, thereby decreasing devitrification at the front wall. Other capil, i 
mercury-vapor lamps have been described by Heidt and Daniels,14® by Heidt ant 
Forbes,117 and by Hoffman and Daniels.148 The model of Forbes and Heig 
eliminated cemented joints and the objectionable capillaries used in the eatlien 
lamps to check mercury oscillations. Quartz tubing of 8-mm. internal diameter ‘ i ircui i 

. ; 5 the circuit through a suitable 
used. Figure 57 is an axonometric view of the device, which was about 30 cin, i jstillins aad ane oy mated sedesaebelonec laith arc vain to the 
height. One feature of the apparatus is the tapered “Pyrex” plungers P, ground : 7 sistance, 170 , ; 1a es ts. As a much larger 
tapers in the quartz walls at J. After the lamp is filled, these plungers are lowell yater ee 20 Operates ot pion dpeinters . 

q | th of the corresponding tank. Tubes soldered in, top and bottom, permit 

4 circulation of water. ! TE 

pi ne lamp ‘5 filled and boiled out through the tap T, provided with a ground-in 
; jug G held down by the lead weight L and sealed with mercury. The tap 

art? Fo from the vertical, to prevent hot air ascending during operation from 

mercury is displaced on the cathode side, the enlargement at E is neces- 

I to accommodate it. As the mercury distils from the hot cathode to the cooler 
r. + returns by the bridge B, which has a dam D to break up the trickles into 
not, ; 

CONSTRICTED ARC 

Curve Slit. = Watts xid%mmi/em 
Upper 1.omm. 1.50 
Lower 0.1. mm. 0.36 

Lenses at F 3,5 

Ficure 57. 

Quartz Mercury-vapor Lamp of Forbes and 

Heidt (Journal American Chemical Society). 

2 

Galvarometer Deflections in cm. 

< 

2500 A inA- 10000 6000 4000 3000 

FiGuRE 58. Spectral Energy Distribution Curves for the Constricted Arc (Forbes and. 

 - Harrison, Journal American Chemical Society). 

drops and thus avoids momentary short circuits. With a steady source of current, 

nearly constant barometric pressure and ventilation, the total variation in 

ight intensity over considerable periods seldom exceeds 3 per cent? 

Forbes and Harrison 12° presented a wave-length vs. energy curve (Figure 58) 

for a constricted arc in a water-cooled quartz tube of 2 mm. internal and 7 mm. 

external diameter, 38 mm. long with its ends open to the air and running on 3 

amperes and 90 volts. A monochromator was used as a spectroradiometer. ‘The 

lower curve, showing greater resolution, was obtained with an entrance slit of 0.1 

mm., and the upper one with 1 mm. In the latter case, 140 ohms resistance was in 

“series with the galvanometer and thermopile so that 1.0 cm. deflection corresponded 

to 1.50 microwatts per square millimeter at the exit slit. In the lower curve, 0.36 
Microwatt was the corresponding figure. Along the wave-length axis are short, 

until oscillations of mercury are negligible, but the plungers are not lowered quite 
enough to close the joints completely; otherwise the lamp will melt or blow up. 
Tungsten wires W are sealed into the ends of the plungers, and when the latter 
are filled with mercury, a current path of negligible resistance, incapable of arcing, 
is provided. The two tubes U stand in open rectangular copper tanks (not shown), 

about 160 mm. (right) and 60 mm. (left) deep. Obviously, the length of either 

side of the arc (in one case, 150 mm. from M to Mj) can be changed by varying 

5 Crist, R. H., J. Am. Chem. Soc., 54, 3939 (1932). q 
116 Heidt, L. J., and Daniels, F., J. Am. Chem. Soc., 52, 2151 (1930); 54, 2381 (1932). 

117 Heidt, L. J., and Forbes, G. S., J. Am. Chem. Soc., 53, 4349 (1931). 

118 Hoffman, R. M., and Daniels, F., J. Am. Chem. Soc., 54, 4226 (1932). 

ae a simple magnetic method of starting this lamp, see Wilson, L. D., J. Am. Chem. Soc., 58, 

996 (1936). 
_ Forbes, G. S., and Harrison, G. R., J. Am. Chem. Soc., 47, 2449 (1925). 
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emains fixed and requires no regulation. Application of such 
| e o e . ° . e e ° . . » , fe int Yr . vertical lines indicating the number and approximate relative intensities (in a Siven minous s - sterilization and submarine photography has been suggested. 

h d a Be to wa’ 127 led £ C702P “Pyrex” glass with tung- group) of the various lines making up each maximum, as etermined from . nps d Taylor 1 developed a cooled arc o y 
spectrogram of the light from the arc taken with an instrument of higher rego 
power; the weaker lines are all relatively fainter than indicated. At the highe a 
intensities used with the constricted arc, 490 microwatts per square millimetey . 

approximately monochromatic light of 3660A were issuing from a monochromato, 
slit 1 X 40 mm. or a total energy flux of about 196,000 ergs per second.’ Elenbaas 12) 
has described a water-cooled constricted arc which operates under mercury Dres. 
sures of 5 to 25 atmospheres. _ 

"Bates a” Through the center were two concentric quartz tubes, Ry and Ro 
| 29 y. Ry is the reaction vessel for photochemical changes while Ry is a 

 ., to prevent R, from becoming overheated by the action of the ar oe 

he glass system was sealed to quartz by rubber tape and by Gooc 

ving 

In working with laboratory-made lamps, caution must be taken to avoid mer 
poisoning. Attention was directed to the insidious onset of mercury DOisonine 
and to the difficulty of cure by Stock,!?? who described details of hygienic measureg 
which should be taken in laboratories where work with mercury is conducted. 
Stock asserted that 0.01 or 0.001 mg. daily produces disturbances of the health, 
His warning excited considerable comment,!23 much, but by no means all of which, 
was confirmatory. The importance of the matter makes thorough toxicologica} 
studies highly desirable. Aside from the question of toxicity, there is a recorded 
instance of the explosion of a quartz mercury lamp, filling the laboratory with day. 
gerous vapors and igniting nearby flammable materials.1°4 7 | 

A discussion of the impurities of mercury and the methods recommended fop 
purification of the latter has been given by Booth and Jones,125 who also describe 
in detail an unbreakable still capable of distilling three to five kg. of mercury 
per hour. 7 | 

Water-Cooled Arcs. It is possible to lessen the absorption of the rego. 
nance radiation within the lamp by converting the latter into a low pressure are 
by immersing the cathode in water. This procedure is not recommended in the case » 
of commercial arcs. This caution does not, however, apply to those arcs, chiefly 
sold for therapeutic applications, which are designed for water-cooled operation, 
The arc is in this case operated with practically the same high voltage, high pres- ~ 
sure and medium current density natural for air-cooled arcs. 

A design of a mercury-vapor lamp yielding nearly “cold light” is described by 
Billon-Daguerre, Medard and Fontaine.126 The lamp is in the form of an inverted 
U-tube and is made of fused silica. Electrodes of Invar enter the ends of the tube. 
A short intense arc is formed at the bend of the tube between the columns of mer- 
cury on either side. The lamp is enclosed in a transparent silica flask (the wall of 
which is paraboloidal and silvered to act as a reflector) and is immersed in a tank. 
of water. The light is concentrated by the mirror and emerges through a silica 
window in the tank. The lamp consumes 18 amperes, either alternating or direct 
current at 70 volts, and yields 3000 candlepower. The light can be used for micros- 
copy and projection work without heating the specimens or celluloid films. The 
mercury lamp is said to possess an advantage over the carbon arc in that the 

d by just enough mercury to cause the two surfaces to come together on 

i n arc is formed which jumps to B, a nickel cone welded to tungsten. 

an- 

a  M ry Arc for Study of Mercury-Sensitized Photochemical Reactions 

3 —* (Bates. and Taylor, Journal American Chemical Society). 

‘This serves as an electrode and also deflects mercury vapor from N against the 

walls of the bulb, kept in a water bath. This regulates the vapor pressure in the 

arc to that of mercury at the bath temperature. The arc can be brought up to 

the electrodes C, and C, by breaking down the space charge by an induction coil, 

“the secondary of which is shown at I. C, and C, are two cylindrical nickel elec- 

trodes. The potential necessary depends to a large extent on the geometry of the 

are. Ro is 2.5 cm. in diameter and 45 cm. long, Ry, 1.5 cm. by 37 cm., the surround- 

ing glass arc being 40 cm. by 5 cm. The side tubes containing C, and C2 are 3.5 

cm. in diameter and 5 cm. long. The side tube with bulb and mercury reservoir 1s 

30cm. long and 3.5 cm. in diameter, while the diameter of the bulb is 6 cm. This 

has a drop of 35 volts from C, and C, to N when running at 18 amperes. The 

‘slide-wire resistances are of such size and capacity that the current from A to N is 

0.5 ampere, B to N, 5 amperes, and from C; to Cz to N up to 10 amperes each. 

C, and C, must have separate resistances or the current would flow entirely to one 

of them, giving an unevenly distributed discharge. After the arc has been started, 

B may be disconnected, but A should remain in the circuit to insure a steady are, 

Due to leaks around the seals, the arc can be run only with a mercury pump in con- 

121 Elenbaas, W., Rev. optique, 15, 343 (1936). See also Harada, T., and Azuma, T., Proc. Phys 
Math. Soc. Japan, 19, 677 (1937); Chem. Abs., 31, 8365 (1937); Egyesilt Izzdlampa és Villamossagi 
i Perce ae P. 482,070, March 23, 1938; Chem. Abs., 32, 6562 (1938); Bol, C., Phys. Rev., 325” 14 7} a 

m Stock, A., Z. angew. Chem., 39, 461, 984 (1926); 41, 663 (1928); Biochem. Z., 216, 243 (1929). 
123 Schmidy, A., Z. angew. Chem., 39, 786 (1926); Pincus, G., Ibid., 787; Reihlan, H., Ibid., 788; Wolf, L., Ibid., 789; Ruska, J., Ibid., 790 (1926); Hoffmann, F. G., Chem. Ztg., 50, 927 (1926); 

Holtzmann, Z. angew. Chem., 40, 438 (1927); Winderlich, R., Chem. Ztg., 52, 629 (1928); Kroner, W., 
Chem. Ztg., 52, 121 (1928); Podrouzek, R. N. V., Chem. Listy, 22, 529 (1929). 

124 Mechlin, F. J., Ind. Eng. Chem., 19, 859 (1927). 
125 Booth, H. S., and Jones, N. C., Ind. Eng. Chem., 19, 104 (1927). _ Bates, J. R., and Taylor, H. S., J. Am. Chem. Soc., 49, 2438 (1927). 
126 Billon-Daguerre, A. L., Medard, L., and Fontaine, H., Compt. rend., 157, 921 (1914). ; 
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tinual operation. If the arc is run with air in too large quantity, not only do the gy he water as the lamp heats up. A stream of flowing water surrounds 

electrodes become oxidized, causing the arc to emit a pink glow, but the mercy, pansion of t “serves to cool it, This stream of water does not come into contact 

tends to wet the glass between A and N making it impossible to. start the a e filter cell a] surface through which the rays must pass, eliminating any loss of 
When the arc is first set up or after a long period of disuse, the nickel electrode, ath any .. eto the deposition of solids, An-air-space between id aie eal 

must be degassed by the passage of a current greater than that ordinarily Used ral . face of the lamp further eliminates heat by conduction. See Figure 

The temperature of the water in Ry should be kept above that of the bulb to Dre. nd the quart . ie shutoff to protect the lamp when the water flow Satie dyasediseus 

vent distillation of mercury from N, which would cut down the light. a i Bose Piatti.130 Another liquid-cooled lamp for photochemical work is due 

A water-cooled lamp of the mercury anode type is in extensive use for medica] cribe Eg 
: | ; ; in. 

work. The cooling serves to protect the tissues from the heat of the arc, so thal to Goltste 

it is possible to secure a high intensity of ultraviolet, particularly in the short-way, 
region, by reducing the distance between the source and the area treated. Th, 
lamp has a U-shaped quartz tube, 4, the bend of which is in a plane perpendiculay 

to the plane of the arms. (Figure 60.) The tube carries on the ends two me; 

j 

FIGURE 61. 

” Byer-Clear Window of Burdick Water- 

P ooled Lamp. Cross Section: Side View. 

a. Quartz outer face. 2. Air space to 

: iminate heat by conduction. 3. Fused 

quartz window. 4. Lens of distilled water 

bo filter out infrared. 5. Evacuated space ~ 

to allow for expansion of water. 6. Soft- 

metal case to protect the quartz window. 

Ficure 60. Kromayer Lamp. 
t 

WATER STREAM 
nN 

yet ge 
Courtesy Burdick Corporation. 

cury containers BB at tight angles to the plane of the arc tube, and these consti- 
tute the electrode vessels to which the current is conducted by ground-in mercury- 
sealed rods CC. The arc is formed in the portion of the tube which is surrounded 
by a jacket of quartz, so shaped as to maintain an approximately equal distance 
between the walls of the tube and the envelope, to make the cooling uniform. The 
space is filled with a suitable gas, the thermal conductivity of which affects the 
electrical characteristics of the arc.1?8 Between this jacket and the outer housing 
of the apparatus, water is circulated. The light is emitted through a quartz 
window in front of the casing, after passing through a layer of water. The com- 
pact form made possible by this construction, known as the Kromayer,!29 is 
advantageous for many purposes. A form with a double anode for alternating 
current operation also has been prepared. I 

Other manufacturers, notably the Burdick Corporation, employ the Uviare as 
the source for a water-cooled lamp. The infrared rays are removed by a sealed 
quartz filter cell containing pure water. The cell is incompletely filled to permit 

— Tue DETERIORATION OF QuaRTZ MERCURY ARCS 

az Deterioration of the lamps was a serious problem to the earlier manufacturers 
“of mercury arcs. The literature is filled with many observations of lamp failure. 
Poorly constructed lamps caused some of these.18* Others were inaccurate because 
of the use of unsatisfactory actinometric methods for measuring the output. 
_ Inearly lamps, Coblentz found that the percentage of the total radiation shorter 
5 than 4500A decreases from an initial value of 70 per cent to about 50 per cent after 
1000 to 5000 hours. This included the strong groups of lines at 4360 and 4060A. | 
cae 

fe riatti, L., Physik. Z., 31, 182 (1930). 

', ™ Goltstein, E., U. S. P. 1,669,819, May 15, 1928; Chem. Abs., 22, 2296 (1928). For a recent 
expensive source of mercury resonance radiation of high intensity, see Steacie, E. W. R., and 

Seat OR ae ger ae a eT goth a gs Ly a ay N % rat British Ey 296,00 isc. 4 ee ee ae id Se aig abe Courmont, J., and Nogier, T., Compt. rend Us ; Erens A : » BUS. 3S, ; Britis : r , sept. 3, a as oe &.9., ’ “9 4 . £1ec. +» A71U, ; s_ Jes Yr, i. . 
: ; ; ( 494, 1746 (1911); Illuminating Engineer, London, 4, 503 (1911); Le Bon, G., Compt. rend., 153, 49 129 9 3 ’ 3 ’ 9 ’ ’ 

Hanovia Chemical and\ Manufacturing, Co. ) a Mii): Moss, J. E., and Knapp, A. W., J. Soc. Chem. Ind., 44, 453. (1925). ae. 
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The total output decreased to about one-half to one-third of its initial valye1ge 
Thermopile observations showed no marked difference in the proportion of yh. 
violet emitted during the first 500 hours of use. The data of Table 11 represen, 
the output as measured in galvanometer scale deflections. mS 7 

Meerut Abts 0 97 177 343 450 522 640 783 959 1064 144) 
Total radiation 

for 500 hours had lost none of its effectiveness in testing ageing on paints. Anothey - 

burner, B, was first used for 1600 hours, at which time its effectiveness haq 

eyrTPUur OF THE MERCURY-VAPOR LAMP 129 

q pelieved that for arcs employed in quantitative work in the region 2480 to 
as A, the energy distribution should be determined every 200 hours. The energy 

-.. region was thought to be considerably. reduced during the first 500 hours. 

g this °<A line sometimes disappeared within 100 hours and the 2300, 2340, 2370 
The OA lines were ineffective after less than 50 hours. Similar observations 

nd 2 ded by Gillam and Morton,186 who believed that after a rapid fall in the 

he extreme ultraviolet in the first 150 to 200 hours, the output becomes 

nt. After this first change, there occurs a slow nonselective loss in 

of the burner. The first effect was thought due to the formation of 

ltra. 

Table 11.—Effect of Age upon Radiation. i re recor 
at of t 
girly consta 

below 14,000A 1611 1497 1503 1380 1033 910 1104 Ii 1 . a ission ae 

Ufa aisle lace 07 1069 1025 1034 Be yapot inside the lamp and the second to the gradual deposition of a film of 

than 4500A as - gy aque silicon. ice 
% of total 694 678 604 ... 59.9 582 548 52.3 508 ... go. PM anovia lamps (Luxor B Alpine Sunlamp) are said to drop to 80 per cent of 

| "a heir initial emission in the first 300 hours, after which they remain fairly constant 

Nelson 84 found that a burner (Curve A, Figure 62) which had been useq_ Sowing 73 per cent after 2000 hours. 

4 

decreased markedly. The deposit on the surface of the quartz was then removeg 

150 

50 

0 | 5 10 5 20 25 30 
| ; _ Ficure 63. Rate of Deterioration of Constricted Lamp (Forbes and Harrison, 

Ficure 62. (Nelson, Proceedings American Society for Testing M aterials.) : Journal American Chemical Society). 

‘Flynn 187 suggested that for a 220-volt lamp, an increase in the voltage at the 
as far as possible by heating the quartz with a blast burner and the lamp again : : 

used for 250 hours. The relative intensities of the two burners A and B in the _ tate of two volts per 100 hours ot operation would compensate for the ageing loss. 
_ Kolbert 138 proposed a circuit with variable resistance coil or tapped trans- 

region shorter than 3100A were found to be in the ratio of 1.7 to 1 when used at oT hae ! 
former and control switch marked on the dial so as to operate a lamp at 140, 150, 220-240 volts and 6.5 , indicating a d ‘of about 40 t for the | 

ee SAE Sst aPC O. Emcee eee eR ks Pete ae 155, 160, 165 and 170 volts after 100, 250, 400, 600, 800 and 1000 hours, respec- 
old burner. : . 

Reeve 185 found by physical methods that 500 hours of use caused a decline in tively. The manufacturers of the Uviarc recommended that during the first 500 
hours the voltage be increased 3 per cent each 100 hours. 

the intensity of a commercial lamp at 2540A of 60 per cent and of the 3660A lines —o >, ; 

of 28 per cent. Thus, the decrease is most marked in the extreme ultraviolet. It ___ Devitrification in quartz, plays only a secondary role in ageing, according to 
: | _ Meyn.189 There is a black deposit on the inner surface, a part of which can be — 

_ Gillam, A. E., and Morton, R. A., Phil. Mag., 6, 1123 (1928). 

_ Flynn, O. R., Am. Dyestuff Reptr., 12, 837 (1923). : 
8 Kolbert, J. W., British P. 413,921, July 26, 1934, to British Hanovia Co., Ltd. 

_®Meyn, W., Z. wiss. Phot., 25, 345 (1927); Brit. Chem. Abs., 677, B (1928). 

383 Coblentz, W. W., Long, M., and Kahler, H., J. Frank. Inst., 187, 112 (1919); Bureau of Stand- 
ards Sci. Papers, 330 (1918). Note also Sci. Papers 378 and 495. 

184 Nelson, H. A., Proc. Am. Soc. Testing Materials, 22, II, 485 (1923). a 

185 Reeve, L., J. Phys. Chem., 29, 39 (1925); Cunliffe, P. W., Franklin, R., Maddison, R., and 

Reeve, L., Ibid., 30, 1427 (1926). q 
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rubbed off or removed by acids. Another deposit penetrated to a depth of 0 | 
and was thought to be either finely-divided mercury or elemental silicon Wd am 
has published a photomicrograph taken by Dr. Hodge of the Stevens $s er tolpt 

of the inner surface of a glass tube of a mercury arc. The surface was ded em 
uniformly pitted. This probably occurs also in quartz tubes sneréaseal and 
increased temperature, voltage or any other factor that increases ‘bbittanall wie 

electrons or by mercury molecules or ions. In burners with tungsten anodes by 
tering of these has long been recognized as a factor in ageing. F igure 63. ee 
the rate of decline in energy per sq. mm. of exit slit of the constricted arc f Shows 
wave-lengths.1 Inverted triangles indicate 4060A, upright triangles 366 cnt 
circles 2540A. Dotted lines give the output of the constricted arc on 94 vy _ 

4.9 amperes, solid lines on 78 volts and 2.1 amperes. All intensities were ate aa 
by ten. The three blacked-in points indicate a new commercial arc on 82 oleae 
4.1 amperes. A new constriction was inserted before the run with 2.1 am es “— 

this was cleaned and revitrified before that with 4.9 amperes. The faa an _ 
the constricted arc is rapid, being 50 per cent for the first hour at 2S40A, at 7 
amperes. This rate falls off greatly with increase in time and -] a : 
with decrease in current. wave-length ‘aim 

Chapter 8 

Mercury Discharge Lamps 

ations from a mercury lamp are emitted from mercury vapor in the 

‘t is evident that, if mercury vapor is made to fill the lamp by 

porization from any reservoir, a mercury cathode is not essential. George? 

cd a lamp in which tungsten electrodes were used and the mercury was vapor- 

* rom a separate spherical bulb connected with the quartz tube by a narrow-bore 

Eine. Before the lamp had heated up sufficiently to vaporize the mercury, the 

‘igcharge Was carried by an inert gas under pressure. George ” stated that the 

gltraviolet output might be increased by using alternating current at high voltage 

and frequency. The terminals were connected with the inductance of an oscillating 

| ] E cuit, although other ways ot converting local alternating current to a high fre- 

quency were also suggested. 

" The use of tungsten cathodes as a source for the emission of electrons at high 

voltages Was limited by their tendency to sputter and blacken the lamp envelope. 

Greater progress was based ttpon the discovery by Wehnelt 2 that calcium oxide 

fused onto the surface of heated platinum forms.a cathode of high electron emissivity 

at lower temperatures than are necessary for tungsten. Such cathodes were 

employed in the construction of lamps by Konen and Jungjohann.4 According to 

Buttolph,® in more recent developments, nickel has replaced platinum as the base. 

Much work has also been done upon the development of cathodes in which alkaline- 

earth oxides with various additions have been applied to spirals of wire.6 The 

theory of the operation of this type of cathode, and particularly, of the manner in 

‘which the physical or chemical union of the coating and base material affects satis- 

factory operation, lies beyond the scope of this book.* 

The oxide-coated type of cathode can also be made with such elements as sodium 

| and caesium.8 The choice of metal and activating coating depends on the operating 

‘temperature, vapor pressure and other features of the design. In some cases, the 

a oxide-coated cathodes are brought to the necessary cathode temperature directly by 

_ the cathode voltage drop and arc current. This is the arrangement in the low- 

— yoltage Cooper-Hewitt mercury rectifier lamp and in the high intensity mercury arc 
vo 

of the General Electric Vapor Lamp Co. In some cases, they receive a preliminary 

“heating by a glow discharge facilitated by a starting gas. Because of the rather 

Since the radi 

sitive column, 
and 

and 

a Buttolph, L. J., Trans. Electrochem. Soc., 65, 148 (1934). 

Forbes, G. S., and Harrison, G. R., J. Am. Chem. Soc., 47, 2453 (1925). 

) George H., U. S. P. 1,361,710 (1920); J. Soc. Chem. Ind., 40, 75A (1921). 

fe George, a, U. S&S P. 1,671,109, May 29, 1928; British P. 234,834, March 18, 1926. 

_ §Wehnelt, A., Ann. Physik, 14, 425 (1904). 

 4Konen, H., and Jungjohann, W., Verhandl. deutsch. Phystk. Ges., 3, 145 (1910). 

 bButtolph, L. J., Trans. Illum. Eng. Soc., 28, 153 (1933); 30, 151 (1935). 

_ 6Spanner, H. J., and Doering, U. W., British P. 397,162, Aug. 8, 1933; Meyer, F., and Spanner, 

AL. J., British P. 274,027, Oct. 20, 1927; Germer, E., French P. 707,198, April 13, 1931; Anderson, 

/T., Jr., and Fraser, H. D., U. S. P. 1,890,926, Dec. 13, 1932; British P. 394,367 and 394,388; 

Spanner, H. J., Doering, U. W., and Germer, E., German P. 597,580, May 26, 1934. 

— 7Dushman, S., Rev. Modern Physics, 2, 381 (1930); Reimann, A. L., Phil. Mag., 12 RORS LIST YS: 

Becker, J. A., Phys. Rev., 34, 1323 (1929); Druyvesteyn, M. J., and Warmoltz, N., Physica, 4, 41 

(1937); ‘Suhrmann, R., and Frihling, G., Naturwiss., 26, 108 (1938). 

' _ 2 Becker, J. A., and Sears, W., Phys. Rev., 38, 2193 (1931); Benjamin, M., and Rooksby, H. P., 

Phil, Mag., 15, 810 (1933). ; 
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132 LHE CHEMICAL ACTION OF ULTRAVIOLET RAYS F eee ners 

. (corresponding to 350°C.), carries the discharge. . 

essure ot .. coc of a strip of Aquadag on the outside wall connected with 

sfitated J and interrupted in the neighborhood of one of them. This Seige as 

re electr© r device which collects electrostatic charges from the walls. ae 

| | _groundins les are employed in the therapy lamp (Alpina Heimsonne ) evel- 

lizati j ‘mila rinctp The therapy lamp is 10 to 20 cm. long and is enclosed in a 
Aton of 1 hat company. tae 1 loyed soften at MPs, or of ned D hosphate glass rather than in quartz. The glasses employ 

limited heat available for starting and for operation, the lamps are made ag sm 
and of as low a heat radiating and heat capacity as possible. In other lampg on 
cathodes are separately heated by special elements. A number of cathodes ha 7 
been described by Buttolph.® : ‘ 

The gas or metal vapor conducting arcs may be designed for the uti 
the emission of the radiations from the positive column, as in tubular la p b that of the negative glow as in certain lamps of bulbular form. It is not POSsible special P d. therefore, cannot stand the weight of masses of mercury ee oe : 
to give an account of the many varieties of these lamps which have been Proposed 56 . the self-igniting solid oxide electrodes which heat during the disc nim 
Since much of the development of these lamps as ultraviolet sources has beall sed a r ter of this glass transmits 34 per cent of the radiation of wae aoe intimately associated with the development of lamps for visible lighting, an hie. ee hen cool, the mercury condenses on the inner walls of the tube, the 
torical account would involve much extraneous material. Tt is interesting to note 500A. . | that the development of modern gaseous conduction lamps has been based in large 
part upon the pioneering work of McFarlan Moore.1° q 

LEAD IN SEAL 

WEHNELT {NESTED NICKEL METAL 
Ba O CUPS COATED WITH 

" Cav FUSED Zr O2 
ra At2 Oz 

‘FIGURE 65. ZN O 

, Quartz Burner Showing the BETWEEN CUPS 
Flectrode Arrangement (An- 

| * Ebon and Bird, Journal Opti- QUARTZ TUBE EN lie 
Wo Seip sor abo b H K 30657 & Society of America). 

Figure 64.. a. S, Burner of Quartz; b. S, Burner of I-G Phosphate Glass (Ende, 
Z. technische Physik.) 

When the amount of mercury is such that no liquid or solid metal is present 
during operation of a lamp the static characteristic of the latter is not based upon 
the. principles outlined in the previous chapters. Such lamps are less affected by 
the temperature of the surroundings. As the load increases, the current increases 
markedly, but in contrast to the lamps described in Chapter 6 increase in voltage 
does not affect the operation of the lamp. The current can be adjusted by the series 
resistance rather than by ventilation, and the necessity for cooling is eliminated. 
The absence of the liquid mercury phase increases the stability of the lamp and also 
permits operation of the latter in any position. Bruijnes12 pointed out that an 
excess of mercury might diminish the efficiency of a discharge tube by condensing 
on the walls and absorbing the ultraviolet. He described a discharge tube within 
which there was inserted a quartz-tube. The latter was utilized to hold the 
material to be subjected to ultraviolet irradiation. | 

The lamp described by the Hanau Quarzlampen A.-G. uses special nickel-oxide- 
coated electrodes of basin-like members piled one on another. Argon at a few mm. 
pressure in the lamp serves to supply ions for conduction until the mercury, intro-— 
duced as a small button of some hundredths of a gram sufficient to produce a vapor 

ARC STRIKES HERE 

2 te 
YP TEMPERATURE RADIATOR 

LEAD IN SEAL 

dimensions of which are so chosen that the discharge space is ‘brought to ae 

at its coolest spot, but nowhere exceeds 560°C. To secure this temperature, eee 

_ pole-caps and metal protective mantles were placed about the electrodes to preved 

_ the temperature of the glass in this region from approaching the ie point. 

The lamp is ballasted at 1.8 amperes, 120 volts burner tension for the y Bagh 

and worked at a point on the burner characteristic which, at 220 volts and - af 

is still so far from the labile point that the discharge does not extinguish if the 

tensi by 20 volts. | 

ee ee a section of the lamp. A slow electrode (G) te 

sealed-in wire (E). The protective coat (M) is borne by two wires (D) joine 

18 See Spanner, H. J., U. S. P. 1,860,210, May 24, 1932. 

_ Ende, W., Z. tech. Physik, 15, 313 (1934). 
, 

® Buttolph, L. J., Trans. Illum. Eng. Soc., 28, 153 (1933); 30, 151 (1935). See also Hull, A. W.,— 
Trans. Am. Insti. Elec. Eng., 47, 753 (1928); Found, C. G., and Forney, J. D., Ibid., 747 

10 Moore, McFarlan, Gen. Electric Review, 23, 577 (1920). 
11 British P. 399,317, October 5, 1933, to Quarzlampen-Gesellschaft m.b.H., Hanau. 
12 Bruijnes, J., U. S. P. 1,994,301, March 12, 1935, to General Electric Co. 
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HELE ETN ra N 
5 2 25 33594455 6 78910 IS 20 25 3035904550 607080 90100 

MULTIPLY BY 1000 a 

WAVELENGTH IN ANGSTROMS. 

Courtesy Hanovia Chemical and Manufacturing Co. 

Figure 66. Spectral Energy Distribution of Alpine Sun Lamp, Super Model “S.” — 

F ; ; , c burns ieee (ar .-esularities in heating up various parts of the tube tie the ar . 

i400 ar fest nal i ores which the characteristic follows the usual hyperbo ic ties dake 
1200 pape Ha aa MAREE Tee my ont® uses a laminated electrode structure comprising pans . ae ean 

8 Heenan 2 a ns ne ee 68). The heat is radiated w 790 [1 Tor 7] Brocesseo aumnunrenecron ed OY the quartz lamp of the Hanovia Co. ( eae nested seeialeune coe 5 600 te HHH ++ BURNER WATIAGE- S40 warts | | des "¢ om the electrodes, which consist of a number or nes f a a 
« Soo] __| Me eee iene ath Rie Po ay cally and mechanically by a weld, and separated by the oxide coating 
6 400 | TR UV. METER-941 ,NBS TEST. Bi20é | ted elect” tically regulate the temperature. The 200-watt burner ppetales = 
Z “ee a 7 has a diameter of 16 mm. and an arc length of 130 mm. A eas. 

& aA RTL LETTE pols + reactance must be used in series to limit the age The a * a 
iS) tance Fotr] i ine oun La aera ita gee co eee Ft ie eeeD inches ys given in Figure 65. ‘There was > 90 LIMITE Mumiiodel 5) at a distance of 0U inches.is giv ee 5 35 ay ttt oa per a reflector. The burner current was 4.4 amperes and its wattage 
WwW ete 

cesse 
4s — tt) 4 <A0 16 40 a a et te cae Bt Fo RP A A 
3o0{__ | MIT 
a 
20 ee AAT A taal ef Ll Fiala LE 
eee | iil ii LE ET WNT 
oT 
ar 

to E, but insulated from E by glass (P) to prevent arcing to the mantle. The 
electrode is buried 10 millimeters within the mantle for better heat protection. The 
pole vessels are externally covered by a metal sheath (H), closed 6ff by an insulating 
cover plate (I), through which the current is admitted, (Z). The two end sheaths 

LAMP [VOLTS 

a LAMP] WATTS 
| 

fo Ez LAMP CURRENT 

/ be shaved 

= oe ee 
Courtesy General Electric Vapor Lamp Co. 

Courtesy General Electric Vapor Lamp Co. 

Ficure 68. New Mercury Uviarcs. 

aps of the newer type, which start automatically, reach stable ae 

ions within about three minutes after starting. Figure 67 shows the et 

¢ characteristic of the 360 watt Uviarc** The new lamps of the Genera 

ic Vapor Lamp Co. operate in conjunction with a. high reactance type trans- 

r. The reactance limits the discharge current, stabilizes the arc and minimizes 

cker in the radiation output. The transformer may also supply a leading 

t at relatively high voltage from an extension of the primary winding to a 

factor correcting capacitor. 

“The lamps are supplied in five sizes (Figure 68) consuming 150, 250, 360, 600 
wr! 

: British P. 394,367 1B Ar , H. D., U. S. P. 1,890,926, Dec. 13, 1932; British P. ; 

( aR WW ane atid S. P. 1,902,936, March 28, 1933; Anderson, pis aus ig ane 

rd, L. F. U. S. P. 2,006,081. June 25, 1935; J. Opt. Soc. Am., 27, 95 (19 . Note als 
s and’ Halske A..G.. British P. 475,763, Nov. 25, 1937; Chem. Abs., 32, 3279 (1938); 
S. P. 2,116,741, May 10, 1938; Chem. Abs., 32, 4891 (1938). pate 

Personal communication, Hanovia Chemical and Manufacturing Co. See also Melville, H. rhs 

Faraday Soc., 32, 1525 (1936). ae: 

i L. B., and Webster, S. B., communicated by the Genera ec 

Ben ce oa oa G. E., and Lemmers, E., U. S. P. 2,085,530 and 2,085,531, June 

937; Chem. Abs., 31, 5698 (1937). ss : 

Fricure 67. Typical Starting Characteristics of 360-watt Uviarc. 

are held by a long end-to-end shield which carries the whole burner. A transformer 
and accessory resistance are required. During starting, the voltage increases in 
proportion to the pressure for about six minutes, but there is a preliminary saddle 
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and 1200 watts. The radiation outputs of these burners at various way 

° 

Ss 
S Ss 

etube. During starting, however, the resistance could be a 

ermitting a current of 4 to 4.5 amperes. At 24 volts a 2. 

ld be kept constant within 2 per cent for over two hours. 

“eng, o rise above 3.6 amp 

» 

Table 12.—Radiation Output of Mercury Discharge Lamps.’ 
3 a in i an er SATE ST MIR Mi eer on eres pe could be used for some hundreds of hours without deterioration. 

ave-leng 
le (Angstréms) hi aae per ah cm. at 1 meter = oem 

5780 37.3 60.2 83 255 - 510 a. 5461 33.5 70.0 |. 82 222 445 _ 4358 28.9 45.5 72 192 385 4047 16.9 26.8. 45 111 223 
3654 49.6 78.5 122 défi ope Ga 
3341 5.3 7.4 11.6 35 71 3129 32.6 50.8 85 203 406 3022 16.6 25.3 39.4 107 214 
2967 8.8 13.5. 20.9 56 113 2894 3.5 a0 8.3 23 47 
2804 7.0 10.9 15.7 42 85 
2753 25 3.8 5.5 17 Sa 2700 3.0 4.4 7.6 20 40.2 2652 14.4 22.5 83.1 88 176 
2937 13.0 27.8 47.4 103 207 2483 6.1 Boe. 13.3 39 79.5 

The 360-watt lamp with its transformer and reflector is shown in Figure ¢ 
The 600- and 1200-watt tubes are intended primarily for industrial applicati a. | where large, high-intensity sources are required. | q :  . 

_ The principle of the use of a discharge in mercury vapor at a low pressure jp | : 
noble gas frequently has been employed in sources intended for production of 4 
resonance lines of mercury in physical laboratories. Pressure broadening of ¢f 
mercury lines has been avoided by keeping the partial pressure of the mercury loy 
Kunze 9 warmed mercury to 40°C. in a glow discharge in neon, employing a capj 
lary tube to secure great surface brilliancy, although this opened the possibility 
broadening by the intermolecular fields of ions in high current density. Houte, 
mans 7° secured high currents and great total brilliance by the use of a discharg 
tube with oxide cathodes, employing argon at 3-4 millimeters. This form of di 
charge (studied by Pirani21) is characterized by high strength and line sharpness 
The discharge was started by a small induction coil or a medical high-frequene 
apparatus, it being necessary only to bring the high-tension electrodes near the la np 
The temperature of the mercury reservoir was regulated by placing the reservoir it 
a side-tube dipped in water. One part of the illuminating tube was compresse 
into a flat rectangle 30 millimeters square and 2 millimeters thick to maintain th 
discharge against the quartz wall and so lessen the effects of self-absorption. Th 
width of the discharge depended upon the current, increasing with the latter a 
constant current density, but never completely covering the area of the rectangle 
When the lamp was started, there was at first a self-maintained discharge, showing 
a Faraday dark space. In this state, the voltage drop over the lamp was h 
(180-200 volts) and the current but a few milliamperes, the lamp remaining cold 
At a certain current value, the oxide cathode began to emit strongly, the volt 
dropped to between 20 and 30 volts and the current rose. The current was no 

x 

Courtesy General Electric Vapor Lamp Co. 

) - Ficure 69. 360-watt Uviare for General Laboratory Use. 

itornteld and Miiller-Skjold 22 devised a lamp which emits the line pice bs 

a 5 as intensely as does the usual mercury arc. The lamp operates at 2 vo ; 3 

has water-cooled tungsten electrodes. The cathode is coated with a mixture o 

) mand strontium carbonates and is heated with current froma step-down trans- 

er. 
‘he Hanovia Co. now supply tubes in which 85 per cent of the emitted light is 

“ay ae it 
: ] 30-100 milliamperes at 2000.or more volts. 537A. They are built to consume Oy aie cen 

inp’ watts, they supply 40 microwatt 

( as oe They ee available in various forms, straight, yep eas 

S-shaped, and usually have a tube length of from one to six pet Fi orm 

intended as a source for work on the Raman effect is shown in Figure . : 

In one of the first lamps of this type, Wiegand 24 employed a discharge in 

18 Communication from the General Electric Vapor Lamp Co. 
19 Kunze, P., Ann. Physik, 5, 793 (1930). 

20 Houtermans, F. G., Z. Physik, 76, 474 (1932). 

21 Pirani, M., Elektrotech. Z., 51, 889 (1930). 

® Kornfeld, G., and Miiller-Skjold, F., 2. physik. Chem., B31, aay vgs 

“See Leighton, P. A., and Leighton, W. G., J. Chem. Ed., 12, 139 
4; Be Gocm. P. 509.373, Nov. 4, 1926; U. S. P. 1,971,887, August 28, 1934, to Patent & W; an , : . ’ 3 . . ° ’ > 3 

Trethand Gee ik Wee G.m.b.H.; Chem. Abs., 28, 6371 (1934). . 
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nitrogen iOXI . “ 
gen or carbon dioxide and some hydrogen at low pressures in a ; 3 current of two amperes at 35 volts, and operates at 20 volts and two 

quartz Uviol bulb containing a dro 
: : : 

oe p of mercury. The mercury extended th 7 | rate small transformer is required for each lamp. It emits but 

he rptene of the nitrogen radiations (2800A) to about 2200A a Ai re ott 2 | 

istribution of the spectral lines. The tube carried only 50 to 80 mil] Toy e vis! ¢ lamps have been patented by the Philips Lamp Works. In one 

lampep Benyumber © oy 
ct a q Sot # positive column discharge of mercury in argon at 5 millimeters the elec- 

l feat : re led out at one end of the tube. Two anodes are separated by a screen 

Ur y wires of the incandescent oxide cathode are surrounded by insulating 

8 ee at a temperature so low that it could be operated in dire 
ies the material to be irradiated. Other forms, differing in structura 
ave been described by Foulke,25 who uses the negative glow between t 

spaced (0.5-2. ‘dé. “ WO clog, sahe supp! —. : 

is : aan oe ae ee coated nickel electrodes, in a gas containing neon 4 the a athe tube is widened where the supply wires are taken out for mounting 

sure. A small qu roa ae ee) “ene a small quantity of argon at 30 mm \ Ee evice cor irradiating flowing substances. A quartz tube with graded seal is 

quantity of mercury is also present. The metastable potential of a # In another form,?® the operating current density is maintained so low, 

Cy 10 : ' 
Fe by use of a suitable voltage and a resistance in series with the discharge, or 

8 use of a suitable gas filling, e.g., argon, that the temperature of the tube is 

:, 400°, and the vapor of the mercury contained in the tube is less than 0.3 

oa meter pressure. A lamp has been described *° in which the anodes are carbon 

fn ders with leveled-off ends. An inner concentric quartz tube for irradiation 

a 4 embodied in the apparatus. To prevent disintegration products of the 

“ahode from settling on the walls, grid-shaped anodes of gauze or parallel wires 

etched on a frame are used to attract disintegrating particles without seriously 

terfering with the passage of the rays.8° Devers *? proposed the use of a loose 

4 der of nitrides of boron, zirconium or titanium to reduce the deposition of 

Bodic materials on the walls and to react with any trace of water vapor present. 

\ device embodying a reflecting mirror of chromium on the inner wall of the tube 

< due to Zecher.22. Reynolds ®* described an apparatus in which a high-tension 

charge i mercury vapor in argon or neon occurs in a quartz tube free from ’ 

ternal protuberances, which is to be immersed in the substance to be irradiated. 

There is an electrode at one end of a tube with a lead-in wire fused to another tube 

“ated concentrically within the outer tube and fused to the latter. One electrode 

's of mercury, the other of tungsten or steel. The whole high-tension discharge is 

symmetrically placed and the radiations pass through only a single thickness of 

quartz.>* | 

~ Garrett 8° described a glow lamp for ultraviolet radiation for clinical or house- 

hold use operated on 110-220 volt alternating or direct current without auxiliary 

quipment. The radiations are emitted by a polyatomic gas such as nitrogen at — 

millimeters pressure in admixture with argon, neon and helium at 1-2 centi- 

ters. It was stated that the monatomic gases alter the spectrum of the nitrogen, 

increasing the proportion of ultraviolet. The monatomic gases also function in 

starting the discharge and in keeping the operating potential relatively low. Con- 

A P 

 %See also Lederer, K. and E., German P. 600,757, July 31, 1934. 

(Courtesy Hanovia Chemical and Manufacturing Co. 

Figure 70. Hanovia Sc-2537 Tube for Raman Work. 

_ IN, V. Philips’ Gloeilampenfabrik, British P. 320,358, October 9, 1928; French P.., 662,717, 

October 20, 1928; Chem. Abs., 24, 270 (1930). ; 

Be oct) P. 299,704, October 22, 1928; N. V. Philips’ Gloeilampenfabrik; Brit. Chem. Abs., B, 

o British P, 299,931, November 8, 1928, to N. V. Philips’ Glocilampenfabrieken; Chem. Abs., 23, 

British mm 351,894,, July>2,.1931,,.N. V. Philips’ Gloeilampenfabrieken. 

“Devers, P. K., U. S. P., 1,803,175, April 28, 1931. 

me Zecher, G., U. S. P. 1,951,116, March 13, 1934; Chem. Abs., 28, 3279 (1934). See also British 

P. 381,084, September 29, 1932; 366,675, February 11, 1932, to Phillips Lamp Works. . 

' ®Reynolds, F., British P. 349,294, May 28, 1931, 
“Many variations have been described. See, e.9., Braselton, C. H., Ruben, S., Davies, L., and 

‘ding, R., for a series of patents, U. S. P. 2,007,919-47, July 9, 1935, to Sirian Lamp Co.; 

man, P., British P. 313,726-7, 1929; Geffcken, H., and Richter, H., British P. 265,636, May 3, 

Studienges. fiir Wirtschaft und Industrie, British P. 269,808, 1926; Kewley, F. E., and Balls, 

fore ase P. 269,014, June 14, 1926. Even carbon electrodes have been proposed, British P. 

Garrett, M. W., U. S. P. 1,783,643, Dec.. 2, 1930, to Westinghouse Lamp Co. 

Z 

{ 

major component is to be greater than the ionizing potential of the minor con 
ponent. This lamp, contained in a fused silica or Pyrex container fitted with a bas 
plug, is operated on 100-110 volts direct current or 75 volts alternating curt 
As a “getter” it contains a bead of alkali-metal oxide, hydroxide or carbons Th 

lamp may be used for therapy, photochemistry, or ultraviolet sienaling a E 
The G-1 or Glow Lamp of the General Electric Co. consists i" two oxide-ail 

tubular filaments heated from within by tungsten filaments, a connecting and sup 
porting bridge and center support to hold them, and a pool of mercury i roduce 
ultraviolet radiation by virtue of a glow discharge in the mercur : Re a at fov 
pressure throughout the entire bulb. Consuming approximately 40 aH the la . 

7 Bourke, “0D. “Ei Britisn, FP. 361,304,. Jat F 
? “9 J ° ’ 9 y al, 1931, t th iti ‘ y d. 

U. S. P. 1,990,174-5, February 5, 1935, to General Electric Wide Tanta ee Ca v- 

i 
- 
a 
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PACS sh Sao of tungsten or molybdenum are employed in a ae 
Py ains also a strongly elec iti a 

earth, which deposits on the Spies nd aia abe ian a or alkali 
at 110 volts. Mercury may also be used in the lamp. ; ei os 
ae Be ee glow-discharge lamp, employing 
eu ane “airicn phase as the source of electron emission to ionivall 
ara races rie escribed by Marden and Nicholson °° of the Westinail t 
MN A ceca he O S a transformer or a ballast lamp with the glow a 

; g§ the eleciodes. The voltage across the terminals of ang 
nie and the resultant heating of the electrodes, decrease to the gi 

Hebaiel ae aer sit penn bill one The electrodes an 

have been made in sizes from ee a 2 i eee re 
inch long to 30-ampere models in bulbs 3 : 12 ies ibe diameter. Figure ail Soy 

_ promator (uncorrected for reflection and absorption) comparing the energy 

0°" n of the new glow lamp with those otf the quartz mercury arc and the S-l 

tt e percentage distribution of energy for the Corex glow lamp is about the 

p- s the mercury arc, except at the lower wave-lengths where the Corex 

1e Egor 5 the radiations. (See Chapter 10.) Of the total ultraviolet output, 90 

38 4 fies between 3132 and 2894A. On the other hand, Inman stated that, even 

a Corex, this glow lamp emits an amount of energy of the 2537A line which 

ee rable for long-continued use. He believed that attempts to eliminate this | 

yndes ake the output between 2800 and 3100A negligible. Luckiesh pointed out 

a mS Jamp (see section on “dual-purpose” lighting) emits less of the 2537 

a Bace it operates under a higher pressure of mercury vapor. 

s easing the temperature or adding other gases such as argon concentrates 

a and diminishes the ultraviolet output. One, two, or possibly more of the 

e. may be operated in series with a ballast which may be either a tungsten- - 

+ nt lamp, an infrared heater, a choke coil, or a special transformer which can 

P acealcd in a table lamp fixture. mee 7 

‘Marden and Rentschler °* claimed an improvement in the Marden glow lamp by 

ing the heat-radiating capacity of the device great enough to maintain the 

vernal temperatures between 20° and 79°C. The mercury reservoir 1s placed in a 

otuberance, with a more or less restricted opening, giving but a limited exposure 

“the mercury to the heat. This limits the mercury vapor pressure to 0.001-0.08 

2 ‘meter, which makes the emission of the 2537A line ten times as strong as the 

fines. This point has also been emphasized by the Philips Lamp Works.?8 

desirability of increasing the output of this line obviously depends upon the 

se to which the lamp is to be put, a matter which will receive attention in 

ybsequent parts of this book. | += 

 Prouty 3 described a portable compact power system including transformers, 

‘iammeters, etc., for operating several quartz discharge tubes at high voltages 

i Jow currents (30-50 milliamperes). The tubes are of small diameter to reduce 

elf-absorption of the resonance lines and yield intense short-wave ultraviolet 

radiations stated to be applicable for dental and surgical utilization. 

 Ultraviolet-emitting discharge tubes of quartz employing other emitting metals 

han mercury have been produced; sodium and magnesium have been proposed. 

esium tends to impair the transparency of the tube. The Philips Works 4° 

osed to preserve the transparency of the walls by coating that part of the wall 

ded for the passage of the rays with a substance (potassium chloride or fluoride 

uoborate in the case of magnesium) which either prevents deposition of the 

lor renders the deposit transparent to the rays desired. Calcium fluoride may 

used as a coating for the interior of a mercury vapor lamp. When the tube © 

ains sodium vapor, the wall may be coated with sulfur or phosphorus. de Boer 41 

5 on some non-transmitting part of the bulb, a material which will adsorb the 

lepositing substance and’ liberate it on heating. Carbon, calcium fluoride or zir- 

conium oxide are suggested. The spectrum 1s emitted by iodine vapor in this tube. 

Derag 

indirectly_-p. 4 

- 
af 

a certain extent .. 

Figure 71 (Left). 

Structure of Indirectly Heated 

Electrode of Marden and Nicolson. 

( Transactions Illuminating Engineer- 
ing Society). Y 
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Y Y 
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L Figure 72 (Right). 

Construction of Assembled Mount 

( Transactions Illuminating Engineer- 
ing Society). 

4 

sO 

er 

Sn cee aie a “3 Figure 72 their mounting. The electrode arou : 
g is connected to the same lead-in wi i i 1 Whe 

the glow lamp is in series wi re as its respective coil. Whe 
s with a tungsten filament th ta 

meteastins current cleeuit ihe volt or other ballast on a 115-vo 
’ age across the lamp is about 40 il th 

electrodes are heated sufficient! ; : oa volts, until th y to emit. During three to five second issiO 
-di : s, the emissior 

geek pctee Pane uae and the lamp voltage drops to a point where the heatin 

sufficient Sela ; = ae on FH electronic and ionic bombardment maintalf 
: rom the electrodes to sustain the ¢] i ed F glow-discharge current. Du 
BAe iad ai ee about one-half of the current passes Uses the heater col 

emainder is glow current. Marden and Nicholson gave data obtained wit 

86 Marden, J . W., and Nicholson, M ‘ 
May 21, 1930; Chem. dbs, 21, 3152 (933) 07 um Eng. Soc., 26, 592 (1931); British P. 374,40 

4.2 Marden, J. W., and _Rentschler, H. C., U. S. P. 1,917,848, July 11, 1933. See also Canadian P. 

995,173, Jan. 7, 1936. For more recent developments, see Marden, J. ., and Meister, G., U. S. P. 

1,129,357, Sept. 6, 1938; Chem. Abs., 32, 8285 (1938). 

a ® British P. 299,704, January 16, 1930, to N. V. Philips’ Gloeilampenfabrieken. 

Prouty, W. O., U. S. P. 1,965,947, July 10, 1934; U. S. P. 2,093,735, Sept. 21, 1937; Chem. 

a * (1937). See also Le Bel, C. J.,.U. S. P. 2,126,787, Aug. 16, 1938; Chem. Abs.; °32, 

aie P. 336,222, July 5, 1929; 356,407, September 10, 1931; both to N. V. Philips’ Gloeilampen- 

“1deBoer, J. H., U. S. P. 1,935,699, November 21, 1933; Chem. Abs., 28, 693 (1934). 
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m an ordinary lamp socket without the necessity of ; ; | erating fro ; int, the For mercury vapor, gold foil may be used. de Groot. and Reerink 42 a capable of oP le cee stan equipment. From a therapeutic eee “ member acting as a chimney above the path of discharge to carry off the P a as ae ength range and intensity are paramount. It ee lieht which may settle on or combine with the chimney, a part of which ig of ol Be vclove of the lamp bulb a material eee Ate saat This chimney is to be employed in a magnesium vapor lamp. r - or the Be 1 than about 2900 to 3 and abso ; sae ; 7 , se ** ations longer 13 tise: GAS 
Tubes have been described in which the emission of ultraviolet radiation 4 rraviolet . the shorter rays are known to exhibit eure rae ; in caused by bombardment by electrons of a fluorescent substance on the elecs. his limit, S e to the sun’s ultraviolet trans ; : Ct or in a very thin film on the inner side of the wall of the quartz tube. Sula 

selenides, oxides of the alkali or alkaline earth metals, boron compounds, ete j small amounts of iron or mercury compounds incorporated, serve as emite 

1 t t excessive exposur at) 
well ee Concer than about 2950 to 3000A) may be harmful, it is neces 
H's atmosP iati “dual-purpose” lamp be low in fh let radiations emitted by a “du * ‘ 
that the Se lansps are used for considerable periods in ordinary home illumi : “a ee 

f certain 
Yttrium, lanthanum and gadolinium compounds increase the emission, The , nsity since ; lains the otherwise paradoxical nature of the claims 0! ear has a very low pressure gas or vapor filling. A grid-like anode accelerates oft This em their bulbs emit only very low intensities ae an electrons emitted by the cathode. Visible radiations are emitted by the wire 5f eae eld remains to be explored in order that the most _e Geun larlentSehie heater. A chromium or magnalium film on the opposite part of the bulb Serve siderable th regions for effecting desired therapeutic ends may be ¥ a mirror. J | ffects of pro- | wave-leng . t data be acquired regarding the e 7 ‘. important that exact da 

Meedt is imp ; i of the ultraviolet. sities of the therapeutic range 

etiatess em to be needed, at least for the prevention of 

trial Cooper-Hewitt arc in ewe aicect ae 
ich, 

9 ‘. protection, although not as much as one in ar . nee 42 wen 

firachitic raat less effective than one in quartz. Even 60- o Se at 

i hich have only a small ultraviolet output, have been r 
| E xy Jamps;, Ww ‘ 49 

DuaL-PURPOSE Sources | _o-continued use in poultry houses 

Materials within the envelopes of discharge tubes may also be excited by uk 
violet rays within the tubes to give blue or white fluorescent light.44 In some of th 
zinc silicate, calcium tungstate and calcium molybdate form the interna] Coatir of the envelopes. <A series of variously fluorescing layers is sometimes ye Fluorescent glass envelopes may also be employed.4° Rare gas fillings 46 are od 
times used to the exclusion of mercury.4? a 

ei es to ved exposut 
tively small amounts se 

’ ‘. Bechickens.*® An indus 
v 

The proportion of the health-giving ultraviolet in the sun’s radiations is gm 
and varies greatly with the seasons and atmospheric conditions. It is orea lessened. by dust and smoke, so that in industrial communities and in Cities ye little may be available. Means have been developed for so altering the ordj 1 
sources of illumination of homes, hospitals, schoolrooms, gymnasia, etc., ag enable them to provide also a supply of the desirable ultraviolet radiations. Ilumit tion by such sources has come to be known as “dual-purpose” illumination, j visible illumination and simultaneous ultraviolet irradiation, ‘a 

The engineering problems are concerned with the design and construction 9} reasonably-priced source of ultraviolet within a lamp bulb supplying visible ligt 

1 

:  Ficure 73. 

4 Sunlight (Type S-1) Lamp. 

SPECIAL 

BULB 

FILAMENT 

TUNGSTEN — SUPPORT ; 
FILAMENT - 42 de Groot, W., and Reerink, E. H., U. S. P. 1,905,688, April 25, 1933, to General Electric | 4 Hummel, C., British P 387,130, Feb. 2, 1933; Aicher, J. D., U.S. P. 2,109,984, March 1, 193 Chem. Abs., 32, 3279 (1938); French P. 828,067, May 10, 1938, to Compagnie des lampes; Che Abs., 32, 6962 (1938). 

| 
TUNGSTEN 

LEC TRODE 
, POOL OF 

lg ee MERCURY je 
i Ry cicr adn 

ae P. 466,503, May 28, 1937; Chem. Abs., 31, 7774 (1937); British P. .469,731-2, July 27, 193 
Courtesy General Electric Co. hem. Abs., 32, 436 (1938), to General Electric Co., Ltd. Breadner, R. L., ‘Randall, J. Ta aq Ryde, J. W., British P. 474,298, Oct. 28, 1937; Chem. Abs., 32, 2854 (1938); Randall, jam _* t; | 50 «Tt 7- s 

° ° 
Ph sunlamp. 

British P. 474,457, Nov. 2, 1937; Chem. Abs., 32, 2854 (1938). eC One of the first bulbs for “dual-purpose” lighting was the S sate eaaind according to McKeag, A. H., and Randall, J. T., British P. 474,297, Oct. 28, 1937 ; Chem. Abs. + ee in argon between tungsten electro | 
e 

. ,e . , ae ? _@ 2 $ 
Cc 

3279 (1938); Jenkins, H. G., Ryde, J. W., and Wilson, G. H., British P. 483,846, April 27, 193 omprises a combination of a mercury afr = of low 
Chem. Abs., 32, 6961 (1938); Jenkins, H. G., Canadian’ P. 378,310, July 26, 1938; Chem. Abs. 3% . tungsten lamp in the same bulb, the latter of special glass h 6962 (1938); Randall, J. T., Canadian P. 375,308, July 26, 1938; Chem. Abs, 32, €962 (1938), , neandescent tungste er 2800 to 3100A.51 Figure 73 shows the 

French P. 808,048, Jan. 27, 1937, to Corning Glass Works; Chem. Abs., 31, 6434 (1937 iron content to transmit radiations from i 
British P. 476,945, Dec, 20, 1937, 

| Case P. 484,975, May 12, 1938, to N. V. Philips’ 

46 French P. 810,298, March 18, 1937; Chem. Abs., 31, 8384 (1937); British P. 474,907, Nov. 1937; Chem. Abs., 32, 3280 (1938); French P. 822,815, Jan. 8, 1938; British P, 457 317; Chem. A 31, 2946 (1937); all to Soc. anon. pour les applications icité Claude-Paz and Silva.’ Laise,.C. A., U. S. P. 2,116,977, May 10, 1938; Chem. Abs., 32, 4892 (1 38) iV. S; P. 2,103,032; Dee. 21, 1937; Chem. Abs., 3 

MERCURY 
ARC 

| 

| : . J.. Trans. 
Biches J. S., and others, [Trans. Ill. Eng. Soc., April, 1927]; cited by Buttotpl, b. J Ill, Eng. Soc.; 26, 583 ate AS ait ie Anon., Trans. Ill. Eng. Soc., 26, 55. ‘ W. E., et. al., Gen. Elec. Rev., 33, eee ., 33, 89 (1930); Forsythe, W. E., et. at, . Soc., 25, 397 fares. M., Gen. Electric Fev 3, 94, 835 (1929); 95, 300 (1930); Free pid al Wehbe aaa “ape as ‘~ and Benford, F., Gen. Elec. Rev., 33, 283 (1930); D 

Tr ° *9 ? Y The 1929). eth? - ton , sy i ea fe 147,292, 317,882, 375,477 | (1932), 0, ba pe re “1933, : . °9 
. ay it e foo) ? f 

sy ee eS, hap, te He Be, eee a tice tts pA Aoyagi Kenkyusho, for a metho 20) 1 ° > > 

tarting a similar lamp. 

47 For general discussions of this new type of fluorescent lighting which has the advantage | simulating daylight, see Claude, G., Compt. rend., 203, 1203 (1936); Servigne, M., Jbid., 124 Harrison, W., and Hibben, S. G., Elec. World., 109, 1530 (1938); Inman, G. E., and Thayer, R. J Elec. Eng., 57, 245 (1938); von Ardenne, M., Z. tech. Physik, 19, 41 (1938); Hibben, oe ‘pled 
35, 269 (1938). | . 5) 
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structures within the bulb. No tilting is required to start this lamp. continuous spectrum up to 17,000A, determined by thermopiles 
filament is lighted, the arc strikes across the filament terminals and dispose. 1 _ and a with a quartz prism monochromator which received on its slit 
across the main electrodes. A wide range of operating angles is possible, a+ galvanome a of the arc and the electrodes. The line and continuous emis- 
voltage supplied by a transformer with a special volt-ampere characterig, ; iy from a d by taking readings both at the lines and at intermediate points, 
essential to the operation of this lamp, which consumes approximately 409 .— “were sepa ous curves from the latter, and deducting the continuous curves The no-load voltage of the secondary of the transformer is approximately 35_ ng gontint taken at the lines. The continuous curve was possibly too high 
the switch is closed, the filament takes about 9 amperes and the drop ACTOgg 1 the a Bece of the inclusion of less important mercury lines, while the 
about 33 volts. The mercury arc starts in parallel, the voltage drops to eleven yp 
and the total current through both arc and filament is 30 amperes. . In operat 
the arc supplies about one-fourth of the light, two-thirds coming from the tungg 
electrodes, the color temperature of which is above 3500°K. The lamp js said 
be twenty times more effective than summer sunlight. A frosted bulb is used, 4 
the coiled filament is inverted and located above the electrodes. In another mia 
5-2, the arc length is increased, and a metal cap of aluminum is placed ove, . 
lower portion of the bulb to minimize glare and to redirect much energy back + 
the mercury vapor area, increasing the operating temperature. As a result, 4 
lamp emits about one-half as much ultraviolet as the S-1 model, while consum: 
only 40 per cent as much energy. The lives of the S-1 and S-2 lamps are shorten, 
by both over- and under-voltage operation.52 Porter, Egeler and Sturrock 58 pa 
tabulated electrical and other physical data regarding these sources. Luckiesh } 
pointed out that the high mercury-vapor pressure of these lamps leads to a f 
degree of absorption of the 2537A line, long-continued exposure to which wo, 
be dangerous. 4 

The spectrum emitted by the tungsten-mercury arc, according to Forsythe q 
Easley,°* shows a continuous radiation from 4000 to 2100A. When the temperaty 
is increased by external heating, the increased mercury vapor pressure causes ¢ 
mercury absorption bands to appear. The 2540 band is 0.1A wide at 220°C. (vap 
pressure 32 mm.):and with increasing temperature spreads to longer wave-lengt} 
reaching 2576A at 407°, and 2652A at 426°C. At 350°C., the resonance line dise 
pears, being replaced by two narrow bands at 2534 and 2532A which at high 
temperatures merge with the 2540A band. At 426°C., there is continuous absory 
tion between 2530 and 2652A, with evidence of further absorption beyond 2652/ 
Five fluted bands around 2345A appear between 320° and 340°C. and broad 
until they cover 16A.at 420°C. Pressure causes the disappearance of some line 

between 3500 and 2100A. ‘These effects are somewhat different from tho 
exhibited by mercury vapor in an absorption cell. | 

During the first few seconds of operation, the S-1 lamp emits some argon lines 
but after a few minutes only mercury lines are detected.55 Similar effects at 

_ observed if the argon is replaced by helium, neon, nitrogen or carbon dioxide. Whe 
hydrogen is the gas present, the lamp continues to radiate bands characteristic ¢ 
mercury hydride, along with several other bands at shorter wave-lengths. 

Other data on the radiations emitted by the General Electric Sunlamp have bee 
published by Benford,®® Coblentz 57 and Barnes.58 Barnes gave the average energ 
flux values of a number of lamps for the principal mercury lines between 2500 an 
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BM ornp) tae Direction Normal to the Plane of the Leads. Lamp aye py oi 
"reflector with 115 volts on the primary of the transformer. Average arty itd oe 

‘and voltage 30.9; amps. and 10.6 volts. ves represents eee Ant - a ae 
a. a a : the curve give energy 
continuous spectrum. Heavy lines above ve. 
ps of lines in arc spectrum (B. T. Barnes, Physical Review). 
- 

Figure 74 the intensities in microwatts per square centimeter at one meter 

ce in a direction perpendicular to the plane of the leads are ite for an ge 

f 26 lamps, operated with 115 volts on the primary of the trans oe e 

of the curve lies at about 10,600A, quite close to the maximum in the ae 

tthe energy radiated by tungsten at 2500°K. The pee ake ae nae one 50004, however, is approximately that for tungsten at 3256; K., 2 e eee i 

he hottest parts of the electrodes. The output of visible and ‘ultt aviolet aes 

as much too high in comparison with that of the infrared for tungsten at tame vd 

‘fact explained by the composite nature of the continuous Spone the : i: ees 

(above 3000°K.) giving a relatively high proportion of visible and ultraviolet, w ? e 

he filament and the incandescent parts of the leads at much lower temperatures, 

 Oday,.A., Bi, and Porter, L. C., Trans. FU, Eng. Soc., 28, 121. (1933). 
58 Porter, L. C., Egeler, C. E.. and Sturrock, W., Trans. Ill. Eng. Soc., 27, 23 (1932). 
54 Forsythe, W. E., and Easley, M. A., Phys. Rev., 36, 150 (1930). 
5 Dooley, D., Phys. Rev., 36, 1476 (1930). 

°° Benford, F., J, Motion Picture Eng., 14, 414 (1930); Gordon, N. T., and Benford, a Gen. Electric Rev., 33, 290 (1930) “¥ 
°™ Coblentz, W. W., J. Am. Med. Assn., 95, 411 (1930). 
58 Barnes, B. T., Phys. Rev., 36, 1468 (1930). 



* Red lines in the mercury spectrum included with the continuous spectrum. 
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a A AT ining the neces- GA AN AN | ‘ 7 ‘ibed a reading lamp, with a standard containing WA WT ih but with a larger area, give much of the infrared, and shift the maximum to 1 huis ° a ee may comprise a helically wound glower for sels and aa wave-lengths. i moos let being supplied by a discharge between an incandescent WANA ih The average total energy flux at one meter is 2380 microwatts per square ¢, > light, eee _ asin Dah aiillitaeiars! tacburiaveontaiielietet 
WA A meter (10.6 volts and 30.95 amperes). Table 13 gives the average energy flue de and oh. two sources employ separate circuits, each with a transformer, WI ae of the ni mercury lines, and the corresponding per cent of the aval De ic in dependently. Sperti 6 placed the arc and the filament in separate NA AM total energy flux. | 4 are us | | Wer 
ML Table 13.—Energy Flux of Mercury Lines. be cempts to produce “dual-purpose” illumination include ahiagecntes s 
WT | Wavelength § Microwatts Wave-length Microwatts 1 . of separate quartz mercury arcs of usual form, and ee _ hari MU | of line, A per cm.? % of total of line, A per cm % of ta pinatt gxture, p rovided with reflectors, filtering windows, and provisio 4 MAA) HA 5780 Qe 0.4 3130 0.57 bi .. There has also been a considerable development of reflectors an MA AM ee = — si ae Ody pption. tures for the application of the S-1 Sunlamp. Oxidized or polished MI| l ‘ c 204 4 q x ‘ ‘ : : HA A 4047 5.5 0.25. 2894 0.71 0-08 gd and polished chromium are among the more effective reflecting es alae 
MUN 3905 0.4 0.017 2804 0.65 0.02, Be iolet between 2800 and 3200A.8% Details of installations for homes, 

Ti | 330 Obl tt ip ie Be ofices, gymnasia, swimming pools, etc., have been described. i | ° “ 4 4 5 01 ) 

Wt Hi ee | 3 Arcs OrHEer THAN THE MErcuryY TYPE Wil The distribution between line and continuous spectral energy in various p,, . eee eLLIC eal : f radiation in metal wepave on He iit wave-length regions is given in Table 14. E Be dependence of the intensity and efficiency $ : radiation | 5 he dereien. 1/) 4 e is similar for mercury, cadmium and qin. At eee of the ; - 3 a MW SU 
sour ich 6 i eraeus quartz lamp HI UA AA Table 14.—Distribution Between Line and Continuous Spectral Energy, at of the mercury-vapor arc, Stark and Kuch °° examine q 

| i | Microwatts |  § 1 al per cm.2 2500-3200A — 3200-4000A 4000-7600A 7600-17,000A 17,009 ‘ mA Line spectrum 22.6 18. (32.7) * a all Continuous 0.6 5.2 209. xe al WM A Both 23.2 24.1 242. 1090 100 

The continuous spectrum furnishes less than 3 per cent of the energy hel 
_3200A, but over 86 per cent of the visible. Since much of the continuous Spectr 
is in the red end with low visibility, the continuous spectrum furnishes only 76 p 
cent of the light radiated perpendicular to the plane of the leads. Of the total, 0 
per cent is radiation of wave-length less than 3200A, one per cent is between 32 
and 4000A, and 10 per cent lies in the visible. That less than 3000A is only 3p 
cent of the total emitted energy. | _ 

The results are in fair agreement with those of Benford, although the compo: 
tions of the bulbs have been changed. Different lamps vary widely in regard tot 
emission of the 3650A line, the intensity of which often increases over 50 per cent 
during the first 40 hours of burning. Benford found 28 per cent higher values f 
the energy between 4000 and 7000A (185 microwatts per square centimeter), 
divergence for which no explanation could be given. The results are not comp 
table with those of Coblentz whose measurements were made upon the whole lan 
unit, including a reflector. Under these conditions, the temperature of the mercu 
pool is 7° higher and the output below 3200A might be expected to be 10 to 15 p 
cent greater. “si 

There have been other types of lamps proposed for “dual-purpose” lighting. TI 
bulb of Corex (or Pyrex) may contain a mercury globule and oxide-coated ele 
trodes to produce the ultraviolet-emitting glow discharge that fills the bulb at lo 
temperature, while a sealed inner bulb provided with a tungsten filament serves bo 
as a ballast resistance for the mercury vapor discharge and as a source of light 

Ficure 75. Ficure 76. 

Ping electrodes of metals and metalloids. The lamps were made in both of the 

indicated by Figures 75 and 76. Most of these lamps are of little practical 
t because of the difficulty of starting, although developments of the cadmium 

MSperti, G., British P. 396,210, August 3, 1933. 
= ph, F. W., U. S. P. 1,945,567, February Pi Lt to Holophane Co. Paget, R. A. S., 

8. P, 1,943,877, January 16, 1934, to Thermal Syndicate. . 
* Coblentz W. W., and Stair, R., Bureau Standards J. Res., 4, 189 (1930); 5 | a ae =gd 

A. H. quoted by Porter, L. C., Egeler, C. E., and Sturrock, W.., Trans. Il, . Rng, S0€.y 2, 
>. 

. 1 (1933). ay, A. B., and Porter, L. C., Trans. Ill. Eng. Soc., 28, 12 : 

brikant, V. A., Bull. acad. sci. U.R.S.S., Classe sci. math. nat. Ser. phys., 441 (1936); 

Abs., 31, 2925 (1937). ; } 

Stark, J., and Kiich, R., Physik. Z., 6, 438 (1905). 

59 Inman, G. E., British P. 390,384, April 6, 1933, to British Thomson-Houston Co., Ltd. 

% Oosterhuis, E., U. S. P. 1,951,106, March 13, 1934, to General Electric Co. See also Craig, - U. S. P. 1,798,658, March 31, 1931. . ° 
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arc have excited interest. The outer diameter was 0.9 centimeter, the lens 4 the form shown in Figure 75 was 13 centimeters and of that shown j Sth ym iS 8 i : IN Ficus. ig necess was 9 centimeters. Nickel rods served to conduct the current to anode and Catt 

i i itching on the current, but 
1 start itself on merely swi | 

ae ne the arc by a spark. This can be done sonivapenany 

Ee ctsotles to the inner walls of two Leyden jars and connecting 
( ing the ¢ “mi induction coil. The light emerges The lamp was charged with metal by means of the container C shown in Figure | oils to the secondary tet eee se sini the lamp these windows are pro- This container was filled with molten metal and on evacuation of the tube the q ‘ndows of quartz. In one passed into the lamp tube, after which the container C could be removed by ful 

the narrow part. The lamp was pumped out thoroughly while in operation in of to get a satisfactory vacuum. The lamp was started by a spark from an induct coil, the metal being heated by a gas blast-lamp until sufficient metal Vapors ¢ been produced to cause an arc to form. A voltage of 100-200 was used. a 
Ihe cadmium lamp was easy to start and operated at 2 to 5 amperes with ta cooling; with water-cooling it could be operated at 8 amperes. The zinc lamp y more difficult to start and required heating with a blast lamp in order to put it; operation. With metal-cooling it operated at 3 to 5 amperes. The lead Jy required very intense heating in order to start. With water-cooling it Operated 8 to 10 amperes producing a strikingly rich spectrum. The bismuth lamp qi 

: Aad the tube to which they 

a condensed metal by ae ae v adtugh Henan 
“0! | . us Mi 7 d, but the water-J acketing m : Han of conducting: bridge 

tached; ‘n hot in order to prevent the sue ia agent 
" ‘Nica i ided to bring the arc An arch of silica is provi 

admium arc will burn quite well under a pressure of 100 — i 

a ii ‘if the voltage is higher, owing to the fact that an arc ee Juail ‘ 
alight. The extinction of the lamp on the lower voltages 

4 -equently by 
ed most fr eq d l 

es e ned unduly. er ; 
See describes a metallic vapor lamp using panies eer 

connected to the arc tube for collecting metal distilled from 

instances 8? mercury may be distilled from the amalgam to F] 

EI Bement which is then closed before the cadmium begins to vaporize. 
ar | aie arate ... afterward run back by tilting the lamp. se ge ty at 

pemercury d Sugiura 7 have reviewed the development ot nae amp ti 

Nagaok ba HeGciencies of the previous types. ue ee a hapian 

r linder surrounded with molybden ‘ 
Sept fused quartz’ cys ised to the required j t which can be raised to the req ; ter heated by electric curren : ater n wire, the lat . linder is placed above the first cylinder, r ’ second fused quartz cyl Tr : 
cer which has a hole permitting light to pass through a a 

oi nd of the side arm. The cadmium vapor is produced in this cylinde 

Boas articles can be concentrated in a second cylinder to artis one 
r . ti ie and the density of the cadmium vapor can be controlled a, a 

a ad F a the first cylinder. A cathode of coiled tungsten is used te ri 

A 4 B omic currents through the cadmium vapors toward the ai i pins 

a ‘Electric potential of 100 volts and electronic current of 0.3 to me ip *, 

an cathode and anode are sufficient to excite cadmium vapors at : < ni 

Bcense and stable light. The tube is constructed of double glass and 1 

r-cooled. 
ibed by the N. V. a ; “O° have been described by ther cadmium amalgam discharge tubes - Eeaiadlahcaddiaca ain cllowanhe 

5’ Gloeilampenfabriken.“ Krishnamurti has found a « Megas Binaries ook 

able source for the excitation of Raman spectra. The lines 
es tive. — 
a a ! tral extension in the visible, the cadmium-mercury . 
eee Wider spectra ion f 1 illumination, but this is not fapor lamp has attracted much attention tor genera 

.. r : 73 
vithin the province of this book. Deen 

| : 7iNC- s been their shor 
‘A drawback to the use of cadmium- or zinc-enclosed arcs ha 

onger 

pecome 

“ha condenser 15 

phasis on t 

mprises 2 tu 

Ficure 77. Cadmium Lamp. 

required intense heating when starting and with water-cooling could be run at 
amperes. ‘The antimony lamp on the contrary was easily lighted and burned at amperes, and did not require water-cooling unless a very strong current wy employed. The spectrum covered a very wide range so that bodies exposed to th light from this lamp more nearly resembled their normal daylight color than whe 
mercury or similar metallic arcs were emplo 
very strong fluorescent effects, sodium glass 
yellow color, while lead glass exhibited a blu 
lamps were also tested. The former was ope 
offered difficulties in starting. A form of cadmium arc lamp, that of Lowry an 
Abram,®? shown in Figure 77 maintains the arc between water-cooled electrodes 0 
solid cadmium. This cooling is important, partly because it checks the vaporizatio 
of the metal, but mainly because if the metal is allowed to melt it is liable to crack 
the tube whenever the lamp is started or stopped. 

The lamp is operated in conjunction with a Gaede pump, as the metal gives 0! 
considerable quantities of gas under the influence of the elect 
gas must be pumped off in order to maintain the y 

yed. The antimony arc gave rise | 
fluorescing strikingly with a greenist 
e fluorescence. Tellurium and seleniur 
rated at 6 amperes. The selenium lam 

® Stammreich, H., British P. 294,172, July 19, 1927. 1931. 
®Stammreich, H., French P. 657,426, July 11, 1928; U. S. P. wa aM, 18 4 gibi 

| Nagaoka, H., and Sugiura, Y., Sci. Papers Inst. Phys. Chem. Research (Tokyo), 10, Abs., 23, 5118 (1929). ea Sein) iid Edo yep ai oid es to N. V. Philips’ Gloeilampenfabrieken ; 2B’ TS. P. 

1090, ri 1b38; Chem. Abs. 32, 2854 (1938); Elenbaas, W., and Jonas, G. B., U. S | 
42, May 10, 1938; Chem. Abs., 32, 4891 (1938). MERt ods ed CSROP : Krishnamurti, P., Indian J. Physics, 5, 587 (1930). Chem. pa of. bas0 (1958). Fer-a 
panner, H. J., Trans. Illum. Eng. Soc., 30, 178 (1935); seem C ey 53, 1447 (1934), and al discussion of recent electric vapor lamps, see Malley, R. Bae 39 g4° (1937), : 

arden, J. W., Beese, N. C., and Meister, G., Trans. Ilium. Eng. Soc., 32, 

ric discharge, and thi 
acuum. Occasionally, when th 

Lowry, T. M., and Abram, H. H., Trans. Faraday Soc., 10, 103. Note Bates, F. J., Phil. Mag 39, 353 (1920). . 
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ness of life. The metals even when pure tend to adhere to the walls, and break 
latter on cooling. Bates ** found the addition of a small proportion of galliy 7 
lessen this tendency in the case of cadmium. As he found it difficult to obtajy ; 
gallium, he later employed tin instead, using a 50-per cent alloy of cadmium | 
tin, which melted at'176-200°C.75 The arc used was of the Cooper-Hewitt tw 
the low vapor-pressure of the tin made the light almost entirely that of cadmin: 
It has since been stated that the gallium exerted its beneficial effects by Virtue 
its own impurities. Bismuth, lead or thallium are also effective, but shoulq 
limited to less than 1 per cent of the total filling.“ The deterioration of the ual 
envelopes of high-pressure lamps has been ascribed to attack by positive ions of | 
metal vapor, which have greater chemical activity than the atoms. This deterioras 
the Siemens-Halske Co.™ propose to obviate by covering a part of the wajj ,. 
the bulb or portion of the arc in which considerable potential drop occurs by 
openwork metallic structure of spiral or braid or metal strips placed edgewige 
not connected to a source of potential.78 | , 

A cadmium amalgam arc, especially intended as a source for the preparatjo, 
vitamin D,’? is designed to avoid breakage on cooling by so arranging tha 
interruption of the discharge, the tube is automatically put in such a position 4, 
the free surface of the substance yielding the vapor is larger than when the Ja, 
is in the working position. Carbon electrodes are used in a lamp employing aq q 
charge in cadmium vapor mixed with nitrogen and hydrogen or a rare gag g 
designed for television, the excitation of fluorescence, and for therapy.8° 

The Siemens and Halske Co.*! proposed to stimulate the growth of plants p 
lamp which emits predominantly in the region 3300 to 3600A. That such p 
would prove effective was based upon the claims (by no means generally accepte 
of workers with mitogenetic rays that dividing cells give out radiations of wa 
length 3400A. This region was also claimed to be useful for healing purpos 

because of an alleged destructive action on virulent tumors. That sunlight Ja 
this property was claimed to be due to an antagonistic action of even low intensif 
of radiations in the wave-length region 3200 to 2900A. For the lamp, there y 
suggested an arc in quartz, one electrode being silver or zinc. The arc was toh 
drawn out as far as possible by a moving gas jacket. The intensity of the craj 
was to be reduced by, fins or by water-cooling, the light from the center of the ; 
only being used. A filter for suppressing radiations of wave-lengths less th 

3Z00A was also employed. Also an arc in vapors from alloys of the zinc grot 
such as zinc (17 per cent), cadmium (83 per cent) was proposed.®? 

Mitchell 88 compared three methods of securing the resonance lines of cadm: 
or zinc for use in physical studies of fluorescence. The methods utilized were t 
high potential discharge in a mixture of helium and zinc vapor,®* a discharge tu 

ef 

11 
q 7 

7 Bates, F., Bureau Standards Sci. Paper No. 371 (1920). 

% Bates, J. R., and Taylor, H. S., J. Am. Chem. Soc., 50, 771 (1928). 

7 British P. 372,843, May 19, 1932, to Siemens and Halske, A.-G. 

7 British P. 397,680, August 31, 1933, to Siemens and Halske; A.-G. 
78 For details of the static characteristics of the high-pressure cadmium arc, see British P. 404,3 

January 15, 1934, to Siemens and Halske, ' 

7 British P. 366,366, February 4, 1932, to N. V. Philips’ Gloeilampenfabriken. See also Elenba 
W., and Jonas, G. B., U. S. P. 2,116,742, May 10, 1938; Chem. Abs., 32, 4891 (1938). E 

80 British P. 418,128, October 18, 1934, to General Electric Co., Ltd., and Patent-Treuhand. a 

81 British P. 296,724, February 24, 1930, to Siemens and MHalske, A.-G. Silver-leaf filt 
transmitting between 3050 and 3300A, may be employed in the envelopes, according to C. J. Milo 
British P. 485,787, May 25, 1938, to British Thomson-Houston Co.; Chem. Abs., 32, 7835 (1938) 

82 British P. 306,112, February 27, 1930, to Siemens & Halske Co. 

838 Mitchell, A. C. G., J. Frank. Inst.,. 212, 305 (1931). 

8 Eilett, A., J. Opt. Soc. Am., 10,°427: (1925). 

. . 

t 

an 

~ concerned ; eee esr 
; apparatus and for the transmission of ultraviolet radiations, the experimental work 
- 

of the presentation to him of the Franklin Medal of the Franklin Institute.®° 
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aler type ®° with hollow cathodes, partly filled with zinc and an arc with 

otential, oxide-coated cathode; he found the latter to be the most eco- 

ard convenient. The arc was formed in a bulb filled with a helium 

and enclosed in a furnace with quartz windows, to vaporize a supply of 

lines began to appear at 330°C. At 370°C., the arc constricts and 

the Sch 

xenon : 
By teck and Oppenheimer.*® 

the resonance lines of xenon at 1469 and 1295A. 

hundred hours. 

by 

several 

It can be operated for 

MANUFACTURE OF QUARTZ PRODUCTS 

tific and engineering leaders had the foresight to grasp the industrial 

f the large-scale production of fused quartz, Prof. Elihu Thomson of 

eneral Electric Co. at Lynn, Massachusetts, and Sir Richard Paget in England. 

TInder_ their leadership, the experimental work developed independently in both 

a 3 tries. In England, the latter organized the Thermal Syndicate in 1903, which 

Died out early development under the direction of Hutton ®? and Dr. J. F, 

Binley. An account of the early work has been published by Paget.88 The 

a early made opaque and translucent fused silica by fusion of glassmakers’ 

- Two scien 

“a ossibilities O 
¢ 

the G 

c¢ icate 
= 1906, the Silica Syndicate, Ltd., of London, worked patents of Kent and 

BR sccil for the manufacture of transparent quartz glass. Other developments 

Germany, where Heraeus extended the work to the production of the 

tubes of mercury vapor lamps and Voelker founded a company in 1908, and in 

France where two companies, Le Quartz Fondu and Quartz et Silice have been 

producing since the war. The remarkable properties of this acid-resistant material, 

occurred in 

- jow solubility and low thermal expansion, made it of great importance to chemical 

nd electrical industries and stimulated the large-scale development of the industry.®° 

The advances in America under the direction of Elihu Thomson in the Thomson 
« 

Research Laboratory of the General Electric Co. at Lynn have been more closely 

with the production of articles of clear or transparent quartz, for optical 

on which is largely due to Dr. E. R. Berry, P. K. Devers and L. B. Miller, although 

_ the opaque or coarser variety has also been developed by Mr. H. L. Watson. An 

account of the Lynn developments has been given by Dr. Thomson on the occasion 

General reviews of the recent developments of the industry have been written by 

Moore ®! and Ibakh.° 

_ + ®Schiiler, H., Z. Physik, 35, 323 (1926). | 
- 8 Harteck, P., and Oppenheimer, F., Z. physik. Chem., 

chem., 42, 533 (1936). 
8 Hutton, R. S., Trans. Am. Electrochem. Soc., 51, 49 (1927). 

8 Paget, Sir R., J. Roy. Soc. Arts, April 4, 1924. 
+ Winship, W. W., Trans. Am. Electrochem. Soc., 50, 177 (1926). 

Thomson, E., J. Frank. Inst., September, 1925. 

ee B., Chemistry and Industry, 50, 671 (1931); Trans. Ceram. Soc., 31, 217 (1932); 32, 45 

Drosaetk B., Keram. Steklo, 8, No. 8, 9 (1932) (Russian developments); Chem. Abs., 
m933), : 

16B, 77 (1932); Groth, W., Z. Elektro- 

27, 821 
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_..¢ metals under liquids is one of the standard methods of dispersing the 

arkins form colloidal suspensions. Because of the turbidity thus produced, an 

tals a for circulating the water must usually be provided when the under- 

ange rk is employed as a source for absorption spectrophotography. : 

ate! a the first to employ the continuous spectrum emitted under water as a 

peor’ the study of the fine structure of absorption bands were Henri and 
ure ob Two condensers, each of 2.3 X 10-8 microfarad capacity, were connected 
en and charged by a transformer supplied with a primary current of 20 

| para at 60 volts, interrupted 600 times a second. There was an auxiliary air 
mperes of 15-20 millimeters and an underwater spark between rods of aluminum 

ark a The spark was placed 5 centimeters below the surface and at a distance 

» a 5 millimeters from a quartz window. The frequency of the oscillatory dis- 

3 e was found to be of the order of one million per second. The spark was fairly 

mn An exposure of three to five minutes gave a continuous spectrum extend- 

«as far as 2100A. 

Chapter 9 

‘Sources of Continuous Ultraviolet Radiations fon 
Absorption Studies : 

In the measurement of ultraviolet absorption spectra, it is desirable that th 
source of illumination be continuous, or if that condition cannot be attained, th 
source should at least give a great number of closely spaced lines, so that there ». 
be radiations of practically all wave-lengths available for absorption in the regio 
studied. It is readily apparent that it would be futile to attempt to obtain the ¢, 
structure of an absorption band with the mercury arc as a source, since there ap 
wide gaps in which no observations could be made. > 4 

One method of attaining this object would be to utilize as electrodes a number 
metals, each of which emits many lines. The nature and amounts of the meta] 
should be so chosen that gaps in the spectrum of one are filled by lines from # 
others. Such a source has been developed for the visible region.1_ The lines ay 
not only closely spaced but are of very nearly equal intensity, so that the weak 
ones can be photographed without overexposing the stronger ones. The electrod, 
are of carbon coated over with a fused mixture of the oxides of vanadium, titaniy 
and molybdenum. , The method is not, however, available as yet in the ultraviol 

vt 

Vie 

Y Vi 
region. For measuring the broad fused systems of absorption bands of substance ° i C 
in condensed systems, that is, of liquids or of solutions, especially where a very hig ; i | 
degree of quantitative accuracy is not required, the source of the ultraviolet radj p | 
tions may be either the iron or the tungsten spark, both of which have many lines,” | ; 

Where it is desired to bring out the finer structure of the absorption bands, partie p 2 
larly in the case of gases, recourse is had to underwater sparks, to incandescet : 
filament lamps burned:at high voltage, to cathode-ray bombardment lamps, or to th - 
hydrogen discharge tube. | 

Underwater Sparks. It has long been known that an arc can be made t 
burn and that sparks can be passed under liquids. In 1851, Masson? found th 
under-liquid arc to emit chiefly a continuous spectrum, although in the case of many 
metals, it has since been shown that there is superposed upon the continuous spec 
trum a bright-line spectrum. The underwater sparks from a large induction cot 
between many metals, were studied by Wilsing,? who observed that some of th 
lines were reversed, that is, wholly dark, or bright but marked by a darkened cente 

The reversals are due to the absorption of emitted radiations by some of the meté 
vapor or by colloidal metal dispersed in the water. Being excited when disperse¢ 
the atoms are in a condition to absorb many lines. The study of these reversal 
has been an aid in the classification of the lines of various metals.4 Arcing 0 

FIGuRE 78. 

“Howe 6 and later Strachan 7 used brass electrodes, with 4 to 6 kw. in the primary 
of the transformer and secured a very satisfactory continuous spectrum extending 

2200A. Fulweiler and Barnes ® omitted the Tesla coil and employed the arrange- 

1Eppley, M., J. Frank. Inst., 201, 233 (1926). Some of the new fluorescent lamps discussed | ment shown in Figure 78. 
Chapter 8 may be of value as spectroscopic continuous sources for the visible and longer wave-lengt 
a wi ultraviolet. Servigne, M., and Vassy, E., Rev. optique, 16, 423 (1937); Chem. Abs., 32, 615 
1938). A 

2 Masson, M. A., Ann. chim. phys., 31, 295 (1851). 

8 Wilsing, J., Astrophys. J., 10, 113 (1899). 

4Baly, E. C. C., “Spectroscopy,” II, 128, London, Longmans, Green (1927). 
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“Henri, V., and de Laszlo, H. G., Proc. Roy. Soc., 105A, 668 (1924). 
‘Howe, H. E., Phys. Rev., 8, 674 (1916). 

ng, itachan, E. K., unpublished communication to Fulweiler, W. H., and Barnes, J., J. Frank. Inst., 

7% 84 (1922), | 
®Fulweiler, W. H., and Barnes, J., J. Frank. Inst., 194, 83 (1922). 
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The electrodes A consisted of tungsten rods 3.5 mm. in diameter. Thes | 

mounted in brass rods which screwed into solid rubber stoppers. The stopper! “t 
sealed with hard wax on the side tubes of a “Pyrex” glass bulb of about sont 
capacity. By means of the threads on the brass rods the position of the spall ee 
relative to the quartz window B, and also the length of the gap could be at 

adjusted. Fulweiler and Barnes found under the electrical conditions used thet’ 

y tts in the primary of the transformer, the tungsten electrodes disintegrated 

10M jowly compared with aluminum poles used under exactly the same conditions. 

ry is g0) illustrates the continuity of the spectrum thus obtained. The absorption 

ist are those of a 0.1-per cent solution of benzene in ethyl alcohol. The lengths of 

a {ution used are indicated on the side of the plate. This photograph was taken 

ne 4 Hilger quartz spectrograph. The top exposure with no absorption tube 

pit he uniformity of the irradiation. In the original negative the spectrum 

tends to 2050A. 7 

a Snyder 9 employed a Tesla spark maintained under water, and utilized especially 

| 2d holders for the electrodes. Allin 1° found the uranium spark under water 

q ie a perfectly continuous, intense spectrum with neither absorption nor emission 

| a McNicholas 11 employs spark terminals of tungsten (with about a 16 milli- 

T | a. gap) enclosed in an ebonite box through which a stream of distilled water is 

s d. The adjustment and centering of the spark is accomplished by external 

4 _ Lewis 12 has compared ductile uranium, tungsten-steel and aluminum as 

wld ; ectrode materials for the underwater spark.1* 7 : 

3 
| b. The theory of the continuous nature of the underwater spark in relation to black 

spark length of about 0.5 mm. was the most satisfactory. The quartz plate B, 16: pody radiation has awakened some interest. Wilson ** has calculated from the 

mm. diameter, was fixed by washers and screw cap to the end of a brass tube whi : position oe ee of the OF absorption b ands pe some spark 

_ slipped through the side tube C of the vessel and was held in position by a ube spectra et the effective temperature of the underwater spark is 115°. Wyneken 4 

tube. The spark gap was about 1 cm. from the window and about 2 cm. below i eee energy ‘distribution “ot the nidetwatet ‘spans between val determi nae 

surface of the water which flowed in through the tube D and out at E. For th electrodes by photographic-photometric comparison with the known energy distri- 

production of the spark, Fulweiler and Barnes employed a G.E. x-ray transformey 
jution of the carbon arc. A definite maximum occurs at 2850A, (with aluminum 

type K, using 15 amperes from the 110 volt a.c. mains on the primary coil. A ‘mel electrodes ) where the intensity is approximately three and one-half times as great 

cury interrupter which made and broke a d.c. current about 120 times a second wa as it is in the neighborhood of 4500A. The position of the tnieisenemnath would indicate, 

also employed. For capacity, two Leyden jars of about 0.001 mfd. each were ust if the radiation were purely thermal, a temperature of 10,000°K. The experimental 

A zinc spark gap upon which a blast of air was directed was placed in series with 
curve was, however, much steeper than the theoretical black-body radiation curve 

the tungsten spark. Figure 79 shows this electrical circuit where T is the trang 

Ficure 79, 

for this temperature. Substitution of copper electrodes gave no indication that the 

‘curve depends on the electrode material. The falling off of the curve in the extreme 

ultraviolet was not regarded as due to absorption by the water. Very similar 

results were reported by Wrede.16 An increase in the energy of the discharge 

displaces the maximum intensity towards shorter wave-lengths in conformity, in 

the case of zinc, with Wien’s law for temperature radiation. For smaller discharge 

energy, the temperature of the spark was calculated to be of the order of 7500°K. 

and for greater energy 10,000°K. In the case of aluminum and magnesium the 

‘shift with increasing energy of discharge was less marked than with zinc, cadmium, 

copper, lead or tin. The temperatures so determined refer to the inner part of the 

spark, while the much lower temperature found by Wilson probably refers to the 

mantle surrounding the spark, since his determination was made by calculation from 

the maximum absorption of a band spectrum. By this method, Stticklen 17 calcu- 

lated the temperature of the absorbing OH mantle around the underwater copper 

spark to be 3000° Abs. 

®Snyder, V. D., J. Am. Chem. Soc., 49, 2510 (1927). 
| W Allin, E. J., Trans. Roy. Soc. Canada, 21, Section 3, 231 (1927). 

Be cholas, H. J., Bureau Standards J. Research, 1, 939 (1928). Details of construction also 

Lewis, S. J., Chemistry and Industry, 464, 1933. 

- ®See also Tyndall, E. P. T., Bureau Standards Tech. Paper, 148 (1920), appendix, 

“Wilson, E. D., J. Opt. Soc. Am., 17, 37 (1928). 

. 1, Wyneken, I., Ann. Physik, 86, 1071 (1928) 
4 4 Wrede, B., Ann. Physik, 3, 823 (1929). © 
_ *Sticklen, H., Naturwiss., 18, 248 (1930). 

0 Ut @ B AB 6 7 BMMIRBHBKTAW 45.50 
Taataalontiailnotinlinodd cc tiiliunlinfial | le El a ] a. 

Ficure 80. 

former ; C, the capacity; S, the external spark gap and W, the tungsten spark. The 
choice of tungsten for the electrodes was made after a careful trial of alumimu n, 
brass, iron, nickel, carbon, tungsten and molybdenum. The tungsten gave more rays 
in the shorter wave-lengths and required very much less adjustment. Using 1 

) 
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pigh, the luminous portion of the tube was constricted. One of their tubes 
Incandescent Sources. Cohn and Andresen-Kraft 1% suggested as a coll cooled at the constriction. The tube (Figure 81) consisted of an ordi- 

tinuous source for absorption work, the light from cathode-ray bombardmen as es tube (L) 60 centimeters long and 5 millimeters in diameter X, two 

(either in a gas or high vacuum) of a thorium-layered anode. The SPectryp ary g te vessels (G), one of which has a tube (R) carrying a quartz or fluorite 
was said to extend from 2200 to 6000A, with a maximum intensity at A504 le a fad the other a 5-liter bulb (V). The apparatus was supported with the 
Weingeroff,19 however, did not believe this source to meet the requirement, | indo m . juminous tube in a bath with flowing water. The tube was filled with 
a truly continuous spectrum. De Kowalski?° and later Gelhoff 7! used tunggte, wer 
lamps at 20 to 30 per cent over-rating. (See Chapter 3.) This method Sives . 
continuous but somewhat expensive source, as the lamps burn out quickly 
In lamps intended for such use,** the filament may be put half as close as ygy, 
to the wall, a portion of the latter being of quartz. Weingeroff describe 1 
source in which a tungsten cylinder in vacuum, nitrogen or a noble gas is Mad. 
to glow by an electric current. The Osram Co. produce a tungsten lamp P 
Uviol glass which operates at 250 volts and 2 amperes, and transmits g cof 
tinuous spectrum to 2900A. | 

Hydrogen Discharge Tube. The continuous molecular hydrogen Spectrum, 
was first observed by Dove,?3 according to Chalonge and Zé.24 Freeman has trageg 
the history of work on this phenomenon.?® It was shown by Horton and Davies 2% 
that slow-moving electrons in hydrogen produce a continuous spectrum. Lemon,% 
using a discharge tube with a Wehnelt cathode, found that by varying the filamen 
temperature, he could get in succession, and almost pure, Balmer lines, the molecular 
spectrum of hydrogen and the continuous spectrum.?® Carst 2° concluded, as di 
Horton and Davies, that the hydrogen molecule is the carrier of the spectrum 
which is distinct from the continuous spectrum which is to be expected at the serie 
limit. The use of the hydrogen discharge tube as a source of continuous ultra 
violet radiation was introduced by Tingey and Gerke.2° Their source, howeve; 
lacked intensity, and exposures of at least an hour often were necessary. 

Gehrcke and Lau*! described the structureless nature of radiations emitte 
between 3300 and 1950A by pure hydrogen in an alternating current discharge in ay 
inside silvered tube. Bonhoeffer and Steiner 32 employed this source in the absorp 
tion spectrophotometry of hydrogen iodide. r 

A great impetus to the more general use of the hydrogen discharge came fron 
the work of Bay and Steiner,?? who increased the intensity by employing an end-or 
arrangement. Also the current density was made as high as possible by loading 
the tube heavily. They employed aluminum electrodes extending close to the walls 
the electrodes having areas of 300 square centimeters. It was stated that the elec 
trodes could carry as much as 500 milliamperes for a day. To get the curren! 

ow gen at 1-2 millimeters pressure and sealed. F ailures of these tubes led them 

ydroe lop a tube that would operate under loads up to 500 or even 700 milliam. 

9 deve which is important since the ultraviolet emission increases with the current 

ere ~The ratio of ultraviolet emission to the radiations in the visible range 

jensit¥- ith the hydrogen pressure. For the continuous. radiation from the 
amp, the ratio is 6:1, while that of the mercury lamp is only 0.6:1. Bay 
+35 also made use of an electrodeless oscillating discharge in well-dried 

i Bone 81. Hydrogen Discharge Tube of Bay and Steiner ( Zeitschrift fiir Physik). 

a Another development of the discharge tube was made by Lambrey and Cha- 

Jonge,2® who used only 15-30 milliamperes to operate the tube for five minutes. 

They 7 extended their work to include tubes with both interior electrodes and tubes 

with only exterior electrodes operating at 500,000 cycles. They found that as the 

pressure increases, the intensity of the continuous spectrum passes through a maxi- 

mum at a hydrogen pressure of 2-3 mm. For a given pressure, the intensity 

increases with the current, but the energy distribution is not modified. As com- 

pared with a carbon arc, the intensity is about 2.1 times as great at 4400A and 23 
times as great at 2200A.35 ; 

Considerably greater currents were carried in a tube devised by Lawrence and 

Edlefsen.29 The electrodes were aluminum cylinders 6 centimeters in diameter and 
40 centimeters long, open at the bottom and closed at the top, and attached to tung- 

sten leads passing through “Pyrex” containing tubes. The bottom edges of elec- 

iy 18 ae W. M., and Andresen-Kraft, C., Z. tech. Physik, 12, 428 (1931); J. Am. Ceram. Soc., 15, 
2 : ’ 

19 Weingeroff, M. A., Physik. Z. Sowj., 2, 278 (1932). 

20 de Kowalski, J., Arch. des Sciences, 37, 265 (1914). 

21 Gelhoff, G., Z. tech. Physik, 1, 224 (1920). 

22 British P. 359,712, October 29, 1931, to N. V. Philips’ Gloeilampenfabrieken. 

23 Dove, Pogg. Ann., 104, 186 (1858). 

24 Chalonge, D., and Zé, N. T., J. Phys. Radium (7), 1, 416 (1930). 

2% Freeman, I. M., Astrophys. J., 64, 122 (1926). 

26 Horton, F., and Davies, A. C., Phil. Mag., 46, 892 (1923). 

27 Lemon, H. B., Nature, 113, 127 (1924). 

*8 See also Richardson, O. W., and Tanaka, T., Proc. Roy. Soc., 106A, 640 (1924). 

29 Carst, A., Ann. Physik, 75, 665 (1924). 

80 Tingey, H: C., and Gerke, R. H., J. Am. Chem. Soc., 48, 1838 (1926); see also Bates, j. R 
and Taylor, H. S., Ibid., 49, 2441 (1927). . 

31 Gehrcke, E., and Lau, E., Ann. Physik, 76, 673 (1925). 
32 Bonhoeffer, K. F., and Steiner, W., Z. physik. Chem., 122, 287 (1926). 

33 Bay, Z., and Steiner, W., Z. Physik, 45, 337 (1927). 
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“Bay, Z., and Steiner, W., Z. Physik, 59, 48 (1929). 
_ *Bay, Z., and Steiner, W., Z. Elektrochem., 34, 657 (1928). 
-% Lambrey, M., and Chalonge, D., Compt. rend., 184, 1057 (1927). 
~Lambrey, M., and Chalonge, D., Compt. rend., 188, 1104 (1929). 

“ 7 also Chalonge, D., and Zé, N. T., Compt. rend., 190, 632 (1930); Chalonge, D., Z. Astrophys., 

ty, 1938). 

Dilowircnee E. O., and Edlefsen, N. E., Rev. Sci. Instruments, 1, 45 (1930). 
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trodes were rounded off and made close-fitting to the containing tubes for Colin 
by conduction. The two large “Pyrex” tubes containing the electrodes were joj " 
through a tube of quartz 7 millimeters in diameter and 60 centimeters long, Ing 

connecting tube was sealed to the confining tubes by a water-cooled wax joint. Ty 
tube was insealed into short quartz tubes of larger diameter at each end ang ; 

larger quartz tubes were waxed to “Pyrex” side tubes. Two inflow jets of was. 
flowed in the region between the small and large quartz tubes and kept the a 
joints cool despite the great generation of heat nearby. The whole tube a 
immersed in a tank of water to the dotted line (Figure 82). This cooling wo, 
adequate for 6.5 amperes at 3000 volts, but the tube was ordinarily run at 3 ampere 
There was some unsteadiness and bumping at the middle of the connecting ta 
unless additional water jets were provided along the quartz tube. The tube wa 
used end-on, through a quartz window W waxed on a “Pyrex” side tube throyet 
the tank wall. — . SI 

Aluminum Electrodes 

Ficure 82. Water-cooled Hydrogen Discharge Tube of Great Carrying Capacity 
(Lawrence and Edlefson, Review of Scientific Instruments). 7 | 

It was only necessary to evacuate the tube by an oil pump to 0.01 millimeter and 
flush it several times with commercial tank hydrogen. The pressure was not very 
critical, and the hydrogen pressure was merely reduced to allow a discharge o 

_ several amperes to pass at 3000 volts. Lines appeared at first but after several hours 
to a day of operation, the lines due to impurities disappeared and the region from 
3000 to 2000A became continuous. Two large flasks (R) served as hydrogen reser- 
voirs. The tube could be operated steadily over long periods. Data obtained by the 
aid of a monochromator and thermopile indicated that the intensity of the ultraviolet 
does not vary greatly from the near ultraviolet to 2000A. The intensity at 2536A 
seemed of the same order as that obtained from a Cooper-Hewitt lamp at ordinary 
currents. The tube yielded about ten times the intensity of the first Bay and Steiner 
tubes, and was much more intense than the usual ultraviolet available for spectros 
copy, exposures of 0.1 second being adequate. ] 

Other tubes were described by Kistiakowsky 4° and by Urey, Murphy ane 

40 Kistiakowsky, G. B.. Rev. Sci. Instruments, 2, 549 (1931). 
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41 The latter tube, of glass, was very compact and so well cooled that 

a is up to 2 amperes could be carried for long exposures without breakage. 

urren d only is indicated in Figure 83; the other is identical. The tube was com- 

)ne zg “Pyrex” with crystal quartz windows stuck on each end with de Khotinsky 

osed t The electrodes D were cylinders of sheet aluminum, the edges of which 

ement. ot welded. They were joined to the tungsten lead A by German silver wire. 

a fect odes were held by glass prongs.. A rapid stream of water flowed into B 

fhe Sex circulating around the inner tube flowed out again at the other end. Two 

K cooling jackets were placed near the windows to prevent the wax from 

arm, but they did not seem necessary. The inner tube through which the 

d was moistened with silver nitrate solution which was readily 

1c 
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Ficure 83. 

- Hydrogen Discharge Tube of Urey, Mur- ; 

phy, and Duncan ( Review of Scientific Instru- 

ments). . 

= 

b7nan 

85um- 

_ 

reduced to silver by the discharge. The tube was evacuated at C and in the same 

ition at the other end a palladium tube was connected by a soft glass-to-“Pyrex” 

graded seal. Hydrogen was admitted through the palladium by heating the latter 
with a small hydrogen flame. The discharge was run repeatedly with the addition 

of hydrogen and evacuation until the spectrum seemed satisfactory, as viewed with 

a direct-vision spectroscope. The tube was sealed off from the pumping system at 

C. As the hydrogen gradually cleaned up, more could easily be added at the pal- 
Tadium tube. A 5-kv. autoregulating transformer supplied the high potential. With 
110 volts and about 50 amperes on the primary, it gave 2500 volts on the secondary. 
An ammeter in series with the tube showed 2 amperes under the best operating 
Conditions. A fan was directed on the outside of the tube as a further aid to. 

“Urey, H. C., Murphy, G. M., and Duncan, J. A., Rev. Sci. Instruments, 3, 497 (1932) 
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cooling. Even after long exposures, the tube remained quite cool, and w 
factory after a year of use. Employed with the Hilger El spectrogra a 1 
possible to obtain certain bands of nitric oxide at 2050 and 2150A in ae ’ Was 
with exposures of one to five minutes, using Eastman U. V. Spectrosco ic Pe 
Dawson ** described a tube for discharge in hydrogen at 30 to 100 ae lates 
pressure. The tube could be viewed side-on through a constricted qua eee 
joining two hollow electrodes in glass supporting tubes.43 ; “— tube 

According to Henry, the hydrogen discharge tube has become the mos ; 
and probably also the most used continuous source.44 Most such tubes give int. 
sities which are too weak. Henry modified somewhat the disposition of if neg 
trodes and employed hydrogen at a pressure of 4 millimeters. He used 1200 clea 
at the electrodes and usually 2 amperes, although this could be raised to 3 5 aa 

uspended between a cathode shield of nickel and a nickel wire and coated 

4m and strontium carbonates. The cylindrical cathode shield, S, of 0.125 

Bcter nickel, 4.06 centimeters long and 1.25 centimeters in diameter, forms one 

ihim the cathode and is closed at the bottom by means of a porcelain disk through 

ae a the second cathode lead passes. The only opening in the shield is a 0.66 X 3 

ae eter slit cut in a piece of 0.25 millimeter sheet tungsten welded in the side. 

pila rrounding anode (A) is a 2.2 X 2.86 centimeter nickel cylinder with a hole 

4 i correspond to the slit in the cathode shield. The electrodes are mounted on 

Gyewite stem and sealed into a 10-centimeter “Pyrex” bulb. A thin window (W ) 

: made opposite the slits by blowing a bubble about 3.2 centimeters in diameter, 

elting it back to about half its height and sucking it in carefully. The palladium 

a e (P) is silver soldered to a copper tube (T) the end of which is flared and 

Bo ied on the outside of a piece of Nonex which is fused to the “Pyrex” from which 
2 pulb is made. The tube is evacuated and freed of all traces of moisture or carbon 

onoxide: The glass and metal parts are outgassed by passing a discharge through 
a tube and sweeping it out with a stream of hydrogen at 2-4 millimeters pressure. 

The hydrogen is admitted by holding a Bunsen burner under the palladium tube. 

when the spectrum becomes continuous below 3657A, the tube is sealed off. The 

aathode requires 9 amperes at about 3 volts, supplied by a step-down transformer and 

eonnected in series with a rheostat and ammeter. The anode circuit, also containing 

4 rheostat and ammeter, may be connected to any 110-volt circuit. In operation, 

‘he potential drop between anode and cathode is 30-35 volts. The whole discharge 

+4101) 4 

pari 
S Satis 

t suitable” 

amperes. 

cen the cathode and anode must pass through the small slit in the shield and is 

wed through the opening in the anode. It can operate continuously at a current 

1.5 ampere, the current density being 75 amperes per square centimeter. This 

may be increased considerably for short periods. In comparison with the intensity 

€ the mercury lines of a “Labarc,” both sources being run at 1 ampere, the con- 

uum was 25 per cent as intense as the 2483 and 2652A lines, 7 per cent as intense 

the 2894 and 3022A lines and 12 per cent as intense as the 3350A lines. 

Other descriptions of tubes for this purpose were made by Watson and Hurst," 

Almasy and Kortiim,*® Jacoby,*? and Smith.5° Hydrogen discharge tubes carrying 

up to 1 ampere have been prepared by the Hanovia Co. 

~ According to the Hilger Co., the distribution of radiation from hydrogen dis- 

ge tubes is so far from uniform that the tubes cannot be used for measurements 

of density with their “Spekker’” photometer. Furthermore, when run on alternating 

current, the intensity of radiation increases to a maximum and dies away to zero 

once in each half-phase of the applied alternating current, so that it cannot be 

assumed that for any speed at which the use of a sector fulfills the reciprocity law, 

‘the effective density of the sector can be derived from its aperture. To overcome 

this, a rocking quartz tube has been made available. Its speed of oscillation is such 

that the energy received by the apertures of the “Spekker” photometer is uniform 

over that area, in a vertical plane, for all exposures over twenty seconds. 

Smith and Fowler 5! have described a 220-volt d.c. discharge tube which can be 

“Operated with currents as high as 20 amperes to give an intense ultraviolet con- 

” tinuum. (Figure 85). The cathode of 25 cm. of 40 mil tungsten wire was attached 

Ficure 84. 

Hydrogen Discharge Tube of Munch (Jour- 

nal American Chemical Society). 

z 

Munch *° states that the hydrogen continuum may be excited at about 5 per ce 1 
of the voltage required by other discharge tubes and without water cooling, by medi 
of thermoelectrons from a hot cathode. For example, the low voltage arc a Duffe 1 
dack and Manley #6 may be utilized. This arc passed between a heated tungsten 
filament and a disk anode, in a tube containing a palladium tube to admit hydrogen 
and a quartz window sealed on with wax. Munch modified this tube by employing 

an oxide-coated cathode (C in Figure 84). This cathode is a 0.48 x 15.25 centimeter 

piece of nickel gauze bent into a corrugated form having a 0.48 centimeter cross- 
“Watson, W. H., and Hurst, D. G., Can. J. Research, 13A, 19 (1935). 
*Almasy, F., and Kortiim, G., Z. Elektrochem., 42, 607 (1936). 
“Jacoby, G., Z. tech. Physik, 17, 382 (1936); Physik. Z. 37, 808 (1936). 

© Smith, N. D., J. Opt. Soc. Am., 32, 2832 (1938). This tube uses a 5.3 cm, capillary of 

Tectangular cross-section 1.36 mm., with a gas pressure of 1-2 mm. 
_ "Smith, A. E., and Fowler, R. D., J. Opt. Soc. Am., 26, 79 (1936). 

42 Dawson, L. H., U. S. P. 1,922,281, Aug. 15, 1933; Chem. Abs., 27, 5006 (1933) 
43 See also Stevens, D. S., Rev. Sci. Instruments, 6, 40 (1935). 

44 Henry, L., J. chim. phys., 31, 665 (1934). 

45 Munch, R. H., J. Am. Chem. Soc., 57, 1863 (1935). 

46 Duffendack, O. S., and Manley, J. H., J. Opt. Soc. Am., 24, 222 (1934). 
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se eae gee cathode leads of copper tubing by set screws. The le 
ed to the “Pyrex” cathode section (C) b r-to-“ " y copper-to-“Pyrex” seal 

raiewon current (50-60 amperes) was supplied by a 220 to 30-volt fans 
scharge tube (A) was of 7 mm. inside diameter quartz tubing attached t 

quartz flask, which was sealed with picein to a water-cooled metal ring 
This metal ring in turn was sealed with picein to the cathode section (C) ), 

| on sealed with picein toa N. 
ca joint (E.), the anode chamber. The latter was attached to the quar 
charge tube by means of a water-cooled picein seal. A quartz window was neal 4 5. 

ed t 

anode consisted of a hollow copper male joint (D) 

pam 
ififr| 

220 Dic 

Ficure 85. Hydrogen Dischar ; 

. : ge Tube of Smith 
Optical Society of pe Mes: ee ee 

the far en } a a eae anode. E or a given potential across the tube, the pressure 
: sity of the continuum was not very critical, but it varied greatly 

Pressures of 0.20 to 0.27 mm. were usually employed with poten- with the voltage. 
tials of 220 volts. 

THEORY OF THE CoNnTINUOUS SPECTRA OF HYDROGEN 

ieee ee the many investigations directed toward an understanding of the 
i nine be ile pet pt spectrum which extends from the visible to 
as would lead us far beyond the scope of this b oh . ei? : ook. A thorough 

discussion of the origin of the continuous spectra of gases, with 323 references, fe 

ads a 

rmer, Ty 

02 100 cq 
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Beaiven. by Finkelnburg.52. Chalonge and Zé °° have reviewed in detail the work 

a? to the hydrogen spectrum. Beyond the Balmer lines there lies (as dis- 

Beed in Chapter 2) a continuous spectrum related to the excitation of the hydrogen 

use peyond its ionization potential, as explained by Bohr.54 In the discharge tube, 

ator almet lines are widened by the Stark effect and the related continuous spectrum 

4 displaced toward the red. Chalonge and Zé 55 have found evidence also for the 

Tagtence Of another continuous spectrum similarly related to the Paschen series of 

s and extending into the infrared. ty) Is Ba 

” These continuous spectra are not, however, very significant in the radiations 

mitted by the tubes described in the preceding section. The effective continuous ~ 

4 ectrum ‘5 related to the hydrogen molecule, which itself produces a “secondary,” 

Fined, or band, spectrum, regarding which there is a vast literature. One of 

’ hydrogen molecule to the continuous spectrum : 

din these sources assumed the spectrum to be due to dissociation of the 

i 

o Ld 4 

4 
14 
Be 

e earliest theories relating the 

pr ocdtice 
hydrogen molecules into atoms possessing various: kinetic energies, the radiations 

being emitted during their recombination.°® 
arg tt Y 

Discrepancies in regard to the relation between the heat of dissociation of the 

hydrogen molecule and the long wave-length limit of the continuum led to a number 

of suggestions ‘n which variously excited, rather than resting state, molecules were 

regarded as dissociating.°” 

More recently, efforts have been directed toward the examination of the poten- 

-] energy curves for the atoms of the hydrogen molecule from the standpoint of 

wave-mechanics, the general features of which in relation to photochemistry are 

scussed in Chapter 13. For the reader desiring to study the application of these 

retical developments to the hydrogen continuum a few significant papers are 

"Finkelnburg, W., Physik. Z., 31, 1 (1930). 

8 Chalonge, D., and Zé, N. T., J. Phys. Radium, (7) 1, 416 (1930). 

_& Bohr, N., Phil. Mag., 26, 17 (1913). 
. 

_ 55 Chalonge, D., and Zé, N. T., Compt. rend., 189, 243 (1929); 190, 425 (1930). 

66 Schiller, H., and Wolf, K. L., Z. Physik, 33, 42 (1925). | 

Takahashi, Y., Japan. J. Phys., 4, 103 (1927); Chem. Abs., 21, 3829 (1927). ‘Takahashi, Y.. and 

Fukumoto, Y., Sci. Repts. Tohdku Imp. Univ., 17, 675, 963 (1928); Chem. Abs., 23, 3834 (1929). 

man, I., Astrophys. J., 64, 122 (1926). Oldenberg, O.,:Z. Phystk,. 41, 1 (1927). Herzberg, G., 

sik. Z., 28, 727 (1927). Jezewski, H., Compt. rend. soc. polonaise phys., 3, 161 (1927); Chem. 

, 23, 5106 (1929). Newman, Phil. Mag., 6, 807 (1928). Kaplan, J., Proc. Nat. Acad. Sct., 13, 

(1927). Winans, J. G., and Stueckelberg, E. C.-G., Ibid., 14, 867 (1928); Franck, J., and 

an, P., “Anregung von Quantensprungen durch Stésse,” p. 261, Berlin, J. Springer, 1927. 

Heitler, W., and London, F., Z. Physik, 44, 455 (1927). Sugiura, Y., Z. Physik, 45, 484 (1927); 

hys. Radium, 8, 113 (1927). Birge, R., Proc. Nat. Acad. Sci., 13, 462 (1927). Condon, E. U., 

ys. Rev., 28, 1182 (1926); Proc. Nat. Acad. Sci., 13, 462 (1927). Franck, J., Trans. Faraday SOC 

» part 3, (1925). Epstein, P, S., and Muskat, M., Proc. Nat. Acad. Sci., 15, 405 (1929). Gold- 

1, L., Compt. rend., 193, 485 (1931). Smith, A. FE. and Fowler, R. D., J. Opt. Soc. Am., 26, 79 

4 6); McDonald, J. K. L., Proc. Roy. Soc., A 136, 528 (1932). Finkelnburg, W., and Weizel, W., 

‘Z. Physik, 68, 577 (1931). 
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; a colors of the spectrum, cutting off the invisible rays at each end, has still to be 

giscoveret 
ae 

a Luckiesh,* Gage® and Martin® have given data on the transmission of the 

B slier commercial protective glasses. The latter also have been studied at the 

q - reau of Standards.* 
. 

Chapter 10 , 4 pe A number of commercial glasses, including 82 examined by Gibson and 

7  McNicholas, were investigated. Crookes A, Corning O1B, American Optical Co. 

F, Nos. 57 and 58, and Noviol O were most efficient in protecting against ultraviolet 
. ys. The latter two, the most efficient, were not nearly so colorless as the other Protective Glasses, Ultraviolet-T ransmitting 

A combination of Noviol A and Corning 124] absorbs all the ultraviolet 
Glasses and Filters \ 

“ | Big most of the infrared and, although light green, still has a high visible trans- 

The ability of glasses of various compositions to absorb or transmit ultravicl.. a mission.” The Bureau developed a blue glass for furnace workers by replacing half 

or other radiations is of importance when viewed from either of t ae , - the lime in a soft soda-lime glass with cerium oxide to stop canes Wane Sea Shis wrlls singers be <esinell oni the ana hat ic Telco chat ie PPOSite é . adding sufficient cobalt oxide to produce the blue color desired by workmen. The 

the eyes of a worker from injurious radiations, or, on the other vit one pe : ass registered 20+ 8 on the Lovibond scale.2 The glass may contain SiO» 60-80, 

to produce a glass which transmits the solar ii peeeriales more oe letely h Cesingd ; ‘ (a0 ee? °-104,C00 Gilsdeg sand Nets Reentis 3 fs Ae et mpietely than ordiam , bs infrared and ultraviolet and to some extent visible rays, depending upon the » 
~ absor . : 
- density of the film.12 Inagaki reported Noviweld and certain Crookes glasses sutt- 

"able for specified uses in elass plants.13 Coblentz and Stair ** have published trans- 

mission curves of optical crown glass, and several commercial protective glasses. 

See Figure 86.14 Average samples of colorless, vitreous silica were much more 

opaque than was quartz to radiation shorter than 2400A. A formula for specifying 

the shade number of protective glasses, based upon experimental tests, was given, 

a together with a table of transmissions and tolerances, corresponding to shade num- 

pers, as proposed by a Federal specification committee. The specifications were 

somewhat revised in 1930.79, 
A glass advocated by the Corning Glass Works 1° for absorbing ultraviolet 

radiations is made by adding to an ordinary lime, barium, lead, or zinc glass batch: 

_ (A) at least 6 per cent of titanium dioxide, and oxidizing salt (nitre) in sufficient 

quantity to prevent the reduction of the titanium dioxide, with or without cerium 

oxide or vanadium oxide; or (B) at least 1 per cent of an oxide of vanadium higher 

nary window glass.1_ Mention of protective glasses is made here to remind the 
experimentalist not to disregard suitable protecti on ‘or «ee lvcairiolet save. Pp for the eyes when working with — 

PROTECTIVE GLASSES 

Exposure to rays emitted in electric welding and in the employment of the 4 
acetylene torch for cutting and welding steel has been the cause of many a . 
inflammation of the eyes. In arc welding, the eyes require protection from inte e : 
visible light or glare, from intense infrared or heat rays and from ultraviolet r ‘ia i 
tions. Andrews affirms that the ultraviolet rays are the most dangerous be tell 
they are not only invisible but also because we are unprovided by nature with al | 
organ or sense for detecting them. Furthermore, it should be noted that the har ft } 
effects are not immediately produced but become evident only some time after al 4 
exposure. Fortunately, the most deleterious of the ultravi ! ; ately, raviolet rays ar a 
a moderate thickness of ordinary glass. ys are abso: 7 

The symptom 1 wit oe : “- 

ymptoms of conjunctivitis caused by intense light or by ultraviolet rays] BEET uckiesh, M., Trans. Ill. Eng. Soc., 9, 472 (1914). 
are abnormal i : to li : “ , betas eee ee ms ee eXCessive secretion of tears, intense smarting of © «Gage, H. P., Ibid., 11, 1050 (1916); 25, 337 (1930). 

pupils, sometimes swelling of the lids, and more rarely, — _- 6Martin, L. C., Trans. Opt. Soc., 18, April (1917). ; 

_. Coblentz, W. W., and Emerson, W. B., Tech. Paper No. 93 (1917), Bureau of Standards ; 
small ulcers developing on the eyeball or cornea. Fortunately, the lesions are 
usually superficial, because the cornea absorbs all radiations halow 3000A and ‘fi . 
lens those below 3500A, thereby protecting the retina. However, unless properl 
treated by a physician, infection may occur, resulting in chronic Adatowinted of | 
the conjunctiva, cornea, iris or retina and possibly blindness. Under proper treat- — # 
ment, most cases recover in a few days. | 

In 1914, Crookes ® investigated over 300 specimens of glass in an endeavor to © 
find a colorless glass which would absorb all the ultraviolet and infrared rays. 
Although he did not find a colorless glass which met this specification, he develo ed | 
a blue-green glass which absorbed about 90 per cent of the radiant heat and which ) 
was opaque to ultraviolet rays. The glass was sufficiently free from color to be _ 
scarcely noticeable when used as spectacles. The ideal glass which will transmit all 

ok a Frank. Inst., 183, 629 (1917); Coblentz, W. W., Emerson, W. B., and Long, M. B., Bull. Bureau 

of Standards, 14, 663 (1918); J. Frank. Inst., 188, 255 (1919); Gibson, K. S., and MecNicholas, H. J., 

Bureau of Standards Tech. Paper No. 119 (1919); J. Frank. Inst., 187, 630 (1919). For data on the 

absorption of cobalt glasses, see Brode, W., J. Am. Chem. Soc., 55, 939 (1933). 

_ 8See also Wright, P., Brit. J. Radiology, 2, 434 (1929). 

®9Ind. Eng. Chem., News Ed., 3, No. 24, 6 (1925); Coblentz, W. W., U. S. P. 1,637,439, Aug. 2, 

1927; Chem. Abs., 21, 3114 (1927). 

7 a W. W., and Finn, A., J. Am. Ceram. Soc., 9, 423 (1926); Brit. Chem. Abs., B, 667 

Finely divided gold particles have also been proposed; Warde, F. M. British P. 341,187, Nov. 15, 

(1929; Chem. Abs., 27, 2272 (1933). 

-_ 2See Grondall, L. O., Science, 70, 179 (1929). For other metallic films obtained by cathodic 

sputtering, see Taylor, E. M., Stafford, G., and Rodwell, R. V., and Kapella, Ltd., British P. 479,238, 

Feb. 2, 1938; Chem. Abs., 32, 4938 (1938). 

13 Inagaki, T., Rept. Lab. Asahi Glass Co., 1921; Chem. Abs., 16, 3185 (1922). 

~™%Coblentz, W. W., and Stair, R., U. S. Bureau Standards Tech. Paper No. 369, 555 (1928). 

= 
a ata a transmissions of cerre nae es materials Ae mother-of-pearl, peta es pieoa 

: 
q lasses, heat-t iti ish- i t terials “ ” 

3111 Goer, seviswed cm leds bs 4 [Proc. Optical Convention, 1926, I, 24; Chem. Abs., 24, — a protectoid”™ ee dia ae. a 9 oe a ee eee 

ee oe Methods of thesontine geese ad “ We eter ete ee een rede a . ee Coblentz, W. W., and Stair, R., J. Opt. Soc. Am., 20, 624 (1930). 
apiro, C. V., Am. J. Physiol. 87, 396 (1928), and Schachtschabel, K., 4 a ei. ono (ee 8 British P i 

on : AN ee Pp ; ; ritish ‘P. 118,397 and 118,398, April 15, 1918, to Corning Glass Works; J. Soc. Chem. Ind., 

* Andrews, W. S., Gen. Electric Rev., 9, 303 (1917). nn. Physik, 81, 929 (1a areas 1918. For snow glasses, see also Degea, A.-G., British P. 466,262, May 25, 1937; Chem. Abs., 

3Crookes, W., Trans. Roy. Socz., 214, 1 (1914). ik 8144 (1937). 

164 



—_ 

ULTRAVIOLET-TRANSMITTING GLASSES 167 166 THE CHEMICAL ACTION OF ULTRAVIOLET RAYS 

| than V20s, with or without an oxidizing agent and a complementary but ab 
tively inert substance (manganese dioxide, cobalt, nickel or Cet ant ond a 
change the hue of the glass from green to amber. Titanium dioxide is about ad " 
effective as cerium oxide. A lime-soda glass containing 7.7 per cent tit alt as 
dioxide and 7.7 per cent cerium nitrate is a brilliant clear yellow, and in plat a 
mm. thick completely cuts off the 3650A line. A glass contunanes both 7 
nitrate and titanium dioxide has a more brilliant color and greater desirable a a 
aciiins a glass containing one of these substances superimposed on a glace al : 
aining the other. The addition of borax increases the refractive index of the o| 7 
containing titanium dioxide. A large percentage of borax in a glass contaall \ ne 

B.. oxide, in making a glass which transmits no ultraviolet, but 84 per cent 

ible, through 2 mm.2° To absorb both infrared and ultraviolet, not less 

pe per cent of cobalt and iron oxides, or 0.5 per cent of As,O3 and Sb,O3 

dded.2t Cadmium sulfide and ferrous oxide have also been advocated.?? 

i. said to be efficient in absorbing ultraviolet rays and practically colorless, is 

all Chance Bros.?* by using two or more ultraviolet-absorbing ingredients, 

1a 0€ tors of which neutralize each other. A glass containing approximately 3.3 

ne - of cerium and 0.7 per cent of didymium (added as oxides or hydroxides) 

4 4 to be practically colorless and efficient in absorbing ultraviolet rays. Another 

5 57 eransmitting 80 per cent of visible light with but little selective absorption and 

las off all waves shorter than 3800A, contains a small proportion of chromium 

° adium.24 E. A. Busch A.-G. Optische Ind.25 colored lenses, regulating the 

es 0.3 
nh meihe 2 

tg ay P 

| 

ad vat ; 

c 
# i. desired, by a suitable glaze, which might be applied only to the upper edge 

Soft-ite t=170mm fs, : ; | 4 the glasses, through which it was stated the dangerous rays usually enter the eye. 

Pate ts ; ) vookes A t=2.08mm. rhe frm of Zeiss 26 described a glass which greatly weakens rays between 7000 and 

Fe da mien aii ie CruxiteA f=/98mm,. “« 000 A and those below 3600A, while transmitting the visible range. Frank 27 

4. to the glass batch a small quantity (0.00256 part by weight) of a mixture of 

OE and Fe,Oz, 2 parts. A thickness of 1.5 mm. absorbs a large proportion of 

dtraviolet and infrared rays without appreciably reducing the visible. Also, it is 

ated that laminated glass, with intervening sheets of celluloid or the like, may be 

made to exclude ultraviolet.?® 

4 A simple means of evaluating eye-protective glasses was proposed by Bloch.?9 

tm the ultraviolet (isolated by a “black glass” filter of the Sendlinger Optischer 

swerke), the transmission of a standard quartz lamp light is estimated from the 

ree of fluorescence excited on a standard test paper. The results agree well with 

trographic determinations. 

btkyte Crown Viopake t= 199mm. 

Zo = 82 ome Y—~tiltray A t= 2.00 mm. 
Oftrazin t-2. 4IM mM. 

60 

Transmission in per cent 

S$ 

30 

 Starkie and Turner °° in transmission studies of sections cut from commercial 

20 
food containers and ground to 2 mm. thickness, demonstrated a rather definite 

ease in absorption with rise of the content of ferric oxide. Titanium dioxide 

10 
also absorbs ultraviolet light, but the amounts found in commercial glasses, usually 

below 0.02 per cent are too small to function greatly.?+ Translucent sheets of cellu- 

‘0 Z 4 Jose hydrate are rendered impermeable to ultraviolet rays by treatment with aqueous 

260 280 300 320 340 360 380: BuO . ten Onl fee: Sua Soham pine bark extract, according to Gerngross and Callo.?? 

: 2” French P. 760,998, March 7, 1934, to Pittsburgh Plate Glass Co.; Chem. Abs., 28, 4195 (1934). 

“German P. 550,782, May 6, 1927, to Deutsche Spiegelglas A.-G.; Chem. Abs., 26, 4929 (1932). 

 2French P. 752,615, Sept. 27, 1933, to Verreries de Goetzenbruck; Chem. Abs., 28, 1160 (1934). 

+ 8Gell, P. V. W., Gould, C. E., Hampton, W. M., and Martin, H. S., U. 5. P.« 1,634,182, June 28, 

1926, to Chance Bros. & Co., Ltd.; British P. 256,737, June 5, 1925; Brit. Chem. Abs., B, 878 (1926) ; 

Chem. Abs., 21, 2775 (1927). | 
Gould, C. E., British P. 316,464, Sept. 8, 1928, to Chance Bros. & Co., Ltd.; Brit. Chem. Abs., 

B, 816 (1929). . 

ay i P. 424,811, Jan. 10, 1925, to E. A. Busch, A.-G. Optische Ind.; Brit. Chem. Abs., B, 

rE 6). 

 +*%British P. 252,130, May 16, 1925, to Firm of C. Zeiss Co.; Chem. Abs., 21, 1528 (1927). 

oe Cats T., U. S. P. 1,615,448, Jan. 25, 1927; Brit. Chem. Abs., B, 365 (1927); Chem. Abs., 21, 

_ *Murray, G. H., U. S. P. 1,958,013, May 8, 1934; Chem. Abs., 28, 4196 (1934). 
4 Bloch, L., Gas und Weasserfach., 70, 1229 (1927); Chem. Abs., 22, 850 (1928); Brit. Chem. Abs., 

8B 231 (1928). See also Danckwortt, P., and Jurgens, E., Arch. Pharm., 272, 713 (1934). 

iss pettic, D., and Turner, W. E. S., J. Soc. Glass Tech., 12, 27 (1928); Chem. Abs., 22, 2821 

Ficure 86. Transmission Curves for Vari : as arious Protective Glasses 
Stair, “Bureau of Standards Technical Papers’). (Coblentz and 

nen st completely cuts off the ultraviolet 3650A line in plates of 4 mm 
ickness. per cent of vanadium oxide be used, t off j | rok Manas , the same cut-off is effected by 

Up to 10 per cent of rare earths is used b i | y Deutsche Spiegelglas A.-G.1 
Taylor 18 describes a glass for absorbing ultraviolet rays in sail, vee oxide 
is an essential constitutent. He also *9 obtains a flesh-colored glass of high ultra- 
violet absorption and good visible transmission by using 3 to 6 per cent cerium 
dioxide and 0.2 per cent manganese dioxide with silica, potash, soda and lime. In 
another instance it was proposed to use as the only coloring oxide, 0.2 to 1 per cent 4 

| - Lae P. 720,075, July 16, 1931, to Deutsche Spiegelglas, A.-G.; Chem. Abs., 26, 3892 (1932). 
a ae W. C., U. S. P. 1,292,147 and 1,292,148, Jan. 21, 1919; Chem. Abs., 13, 1005 (1919). 

aylor, W. C., U. S. P. 1,414,715, May 2, 1922; Chem. Abs., 16, 2206. (1922). 

7 Smith, A. W., and Sheard, C., LJ. Opt. Soc. Am., 2, 26 (1919)] gave earlier work on the 

absorption of ultraviolet light by glasses. 

 ®Gerngross, O., and Callo, A., U. S. P. 2,106,599, Jan. 25, 1938; Chem. Abs., 32, 2654 (1938). 
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ULTRA VIOLET-TRANSMITTING 
GLASSES 

GLASSES PERMEABLE TO ULTRAVIOLET RADIATIONS After the discovery of the antir 
i i i 

10r to lime hich, 

apter 38 
| with the silica content. Barium oxide is super Ww 

as f 

ee sncreases 

bs ( : i gl S manu acr 

of 

als : ‘ 
zinc oxide. 

achitic properties of the ultraviole is better than ; ible the com- ) development which made Poss lone beta 
urers sought to develop glasses capable of tral 1 a , of the . 2g aleniranel has been the jevger Laity nee d 

mittinge all the health-giving solar rays which reach the earth. For use in Optie s production a notably ferric and titanium saat mei Smear glasses. 

instruments, ultraviolet transmitting glasses had been, however, produced Tye a - raw . raviolet absorption of ordinary fs nsparent to light waves 

earlier (about 1907 ) and Schott and Co. eatly marketed Uvio] glasses, which Wer, t GpereasiDg the da glass (4 mm. plates of which aie ra ria 0.055 per cent (as 

unfortunately, expensive and unstable,33 “According to the historical summary , ss aden af OA) by reducing the iron impurities to less cent. The melting was 

Davidovitch,?4 Eder and Valenta ®5 pointed out that Phosphate crown: glass hag } o- rter than 3000 : m oxide to less than 0.050 per 
considerable transparency in the ultraviolet. Zschimmer 36 found that b no had similar arium OXid 

; | ferric O 
al Oxides , , 

1 S, ° g ° 

O d ive i 539. The cost of production ia ‘ty 2.64 and a refractive index 1. 43 The Corning: Co. makes is especially poor. F Titsch 3 roejA.) has a density but far below that of quartz. ¢ Standards 44 

found a generous Proportion of B,Oz to confer excellent transparency. A elaal 7 a * of ee es According to Gibson Sark PRE adie hae 

6 parts of calcium fluoride and 14 of B,Os3 was said to be transparent down 4 BD ceries of such 4s it 86 per cent of the radiations at Z - se S. agiictte tba 
I850A. Such glasses have been employed in spectrographic optical system F, iim sueets trarsin losses of approximately 8 per cent. a transmission, but not 

Lithium glasses are said to be very transparent to short wave-lengths, but ard vected for eae the latter having the same cannes ebay alter the teaaiee 

unstable. While developing certain blue glasses, Luckiesh 39 noticed that coh ‘polished eeepous Eke A change of thickness does not g 
glass appeared to be more transparent than clear glass in the region of 3000A. : a Sugie 4 after investigati id 3100A.4® The dele- affording the biologically important range between 2900 an 

mission 10 | : and Hiraoka,*® who f ferric oxide was also recognized by Sah siales Gondolas 
terious a t wave-length transmitted by 4.30 mm. transmitted by a much found the a the oxide to be 3021A. Only 3065A hee er cent iron oxide. 0,090 per cent a ots of a window glass containing 0. re He results on the ‘thinner plate, 2. : ve “concluded from an extrapolation o f iron oxide, that the “Siarkie and BP etasses containing from 0.005 to 1 per cent o transmission 

absorption of over fifty samples of 0 systematic relation between the absorption and the composition of the glass, Substituting sodium by potassium did not alter the trans. mission. Phosphorus pentoxide had no effect, but SbsO3, TiOs, F e003, MgO a d Al,Ox decreased the penetration. His most transparent glass had the COMPOSition: NasQsl} CaQsI4-and SiOb, 6 parts: this transmitted through 1.5 mm. wave-length as short as 2370A. The least transparent of his series had 1.5 parts of CaO transmitted down to 2790A. 8 Klumb 3 Id be 2230A.4 1d 
eS ee from iron oxide bib tia i ific work 

It must be noted, however, that the shortest vi ‘jimiting _ np ae thin (10,) glass windows jaan.” 

length which gets through is not as significant a criterion of the quality of a glas and Hasse" prop 
as are the fractions of the ; ncident radiation of various transmitted. This is true because the drop in the tr sharp, but extends over several hundred Angstré found also that up to a certain point, nickel mak ultraviolet. When potash ra 
although it transmits 

oi . aon ” the first ultra- in the er Sid apndnsed on the market “Vitaglass, Sere Dhisiiiaeetav as 

ee cnitting glass manufactured in site ara 51 and was claimed to _ yiolet-tran Trinity College, Ca A 0A. Com- 
: lough, of I'rinity .; 130 to 2900A. 

es glass more transparent to the developed by ae sat of all incident energy in the See & Co. and was later 
at Be cGon hezan in 1924 in the works of Chance 

mercial pro i glass diminishes the ultra ; | 
glasses, ferric iron lowered 

Chromium in small quantities had ect of manganese is slight up to, but great above, 1 per cent,41. roportion of alumina and avoided alkalies, In general, perme- 
53 Riittenauer, A., Sprechsaal, 61, 449,453 (1928); Chem, Abs., 23, 2543 (1929), ) 
8 Davidovitch, fs Jt. OF Sec. Am., 20, 627 (1930). 35 ra J. M., and Valenta, E., Denkschriften, Wiener Akad. Wissenschaften 

61 (1894), 
F 

23, 360 (1903). 
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) 
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-4, Nov. bs., 22, 148 (1928). - U. S. P. 1,830,902-4, "to Corning Glass Works; Chem. cf 11926); Chem. Abs., 20, 3788 Cie Y ee zine: Lhe petceery 
a 48 Hood, H. P., eerte, Se be eliminated by ca a6 ee a Aeatios and the ratio of SiOz 

p, . low color : the total perc M1931. The yel hould be 10 to 22 times 1936.] 
: ee ics fon 5, *[German hime i getinrs ie i itation from 
Be citcon K: S., J. Opt. Soc. Am., ene. wideht be to obtain the SEA da eee containing 

eet’ he raw material the impurities wi 4; Chem. Abs., 
45 way of purifying t hing it free from 29, Feb. 20, 1934; | isis eos Ae gate carts industrielles, ae Aire aan J s D107 nae eb, 8 

pybydtogen peroxide. e of other reagents, see aa Hiiniger, M., U. S..P.. 2,107,299; Mt ios1) Chem Abs., 28 3549 (1934); Enss, J., a 
_ March 1, 1934; Chem. Abs., 20; ., 32, 2703 (1938). Shea Abs, ake ie to General Elec. Co.; i es See "Flipae. Ceram. Assoc., 34, 504 (1926); C fac 

4Fuwa, K., and Hiraoka, 1., J. 
- Chem. Abs., 23, 3 

oe ’ 
9, 324 €1928); 

(1928), E. S., J. Soc. Glass Tech., 12, 26, 3635 (1932). 
| ss pote ae zat. Va Lee 15, -365 (1931); ee: eee a manufacture of po rag ety aon mneee); see also J. i “ * covering in more it. J. Radiol., 4, Bea sumber of general cat ae Sate available: a eat eo "6, 591 (1932); le eae h 
| Pelet transmitting and_absor 38 (1931); Hoffmann, J., en 391, (1932); Salmony-Karsten, A., Wolf, J., Ceram. et ee 12 (1932); Grant, J., or ? 

| Chees Zt Vo, 369 (1928) J. Chem. Ind., 47, on ee) ; 
© Kiumt, i. and Hasse, T., Z. Physik, ae Chem, Age (London), June 19, 545 eh (1929). 8 Lamplough, F. E., Pottery Gazette, 54, 

the penetrability more than 
little effect. The eff 
Locke used a high p 

Math. Nat. Kl, 
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87 Zschimmer, E., Physik. Z., 8, 611 (1907). 
retacn, C., Physikal. Z., 8, 518 (1907). 89 Luckiesh, M., J. Frank. Inst., 186, 111 (1918). #0 Sugie, S., Rept. Osaka Ind. Research Lab., 5, No. 11; 1-26 (1924); No. 15, 1-19; 6, No. 4, 1-26; 

Chem. Abs., 20, 3218 (1926). 

M., Glass Ind., 7, 136 (1926); Chem. Abs., 21, 3435 
(1927); Weidert, F., Sprechsaal, 64, 992 (1932); J G.,° 2. »» &. tech. Physik, 7, 301 (1926); Chem. ~ ; d, P., Swings, P., and Hautot, A., Rev. belg. ind. verrieres, 2, 2, 26, 50, 
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sunlight of Chicago during the 

glass exposed to the north sky, 

from the entire sky.55 

(1928). 

64 Clark, J., Science, 68, 165 (1928). 

Long, B., Science ind., 12, 13 (1928). 
08 Lai, C., and Silverman, A., J. 
(1928) ; Chem. Abs., 22, 3271 (1928). 

extended to the works of Pilkington Bros., Ltd. The absorp 
shown in Figure 87. Tisdall and Brown ®2 found “Vitaglass” t 
mately one-fourth of the antirachitic rays of December sunlight. 

LIMIT OF THE SUN's 
ULTRAVIOLET RAYS 

WAVE LENGTH IN mu 
Ficure 87. Transmission Curves for Vitaglass and Aldur (R. H. Crist, Industria ) and Engineering Chemistry). ¥ 

It must be remembered in connection with the use of ultraviolet-transmitti glasses that their effectiveness in the prevention of rickets is limited by the intensi of the incident radiation. If seasonal and atmospheric conditions, or ditt upon t 
glass, preclude the incidence of more than small quantities of energy in the desir wave-length band upon the glass surface, it is obvious that helpful results cann be expected from its use. Dust and dirt may reduce the transmission at 3020A 1 30 to 40 per cent. There is comparatively little of the valuable ultraviolet in tl 

would receive as much ultraviolet radiation in two minutes in direct sunlight ; noon, as in an entire day at 5 meters behind a window of ultraviolet-transmitti 

an ordinary-sized window represents such a small part of that which is availa 

Others have attempted to make ultraviolet-transmitting glasses by increasing th 
silica content of an ordinary glass, e.g., the Quartzlite. Lai and Silverman 56 foun 
the ultraviolet transmission of certain beryllium glasses to be greater than that ¢ 
ordinary glass, but less than that of magnesium glass. Transmission decreases wit 

52 Tisdall, F. F., and Brown, A.; Proc. Soc. Exptl. Biol. Med., 24, 449 (1927). 
58 Bundesen, H. N., Lemon, H. B., 

55 See also Eisenberg, K. B., Gesundheit Ing., 51, 465 (1928); Chem. Abs., 22, 3477 (1928, 

Am. Ceram. Soc., 11, 535 (1928); Brit. Chem. Abs. B; 89 
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; ampton and Martin 57 suggested the use of 

sing end lass nate anicetls free from dissolved gaseous oxides. 
Ba givine : mprise silica, borax and a powdered metal such as zinc, aluminum 

patch ey bmines readily with oxygen and acts as a reducing agent. 

p which description of the experimental glasses which led to the devel- 
a1 g — Not off was the effect of iron considered, but it was stated 
ont of Ho Be tier soda, potash or boric oxide with silica seriously reduces 
a Me the latter. The best results were obtained with a soda-boron-silica 

mission Py n between silica content and transparency being found. Alkali 
g, 10 tc proved better than when added as the sulfate or nitrate. suds 
ed as carbo facturers were concerned with the valence state of the iron oxide in 
Other manu i 59 converted nearly all the iron in the glass to the ferric form by 

© transmit appr 

LIMIT OF ORDINARY 
WINDOW GLASS 

| stass. Phelp “4s . ; itrate. This is at glass. nad ‘introducing a nitrate. : 
kh —\a a gia the glass under oxidizing conditions or by in “es g iis Fahd for etebaes ’ Mi — = “ing ©, i ny others, as Turner °? who to 

9 of: = sg ith the conclusions of many D . ‘scion limits of about 
ne -G/4=+t == face ai er cent of iron oxide a difference in transmission limits 0 : 

ane in ases containing the oxide in the ferrous and ferric states, the 

ue 0! emitting the better. Rose & found triavalent iron to cause the absorp- i rous tra 
4 ¢ 100 times more ultraviolet than ferrous iron, the limits of transmission 

1 0 | : nm tively. to at 3200 and 2200A, respec | 
ng “ us reducing agents have been employed, as charcoal, which tends ne 

i lass, zinc chloride 6? which makes the glass hazy, stannous oxide ®* or 
muddy Be cunds such as urea.64 Aluminum or magnesium powders have ne 

gant 503 The addition of manganese oxide has been suggested on the tne 

BR cdergoes oxidation in preference to the iron. peel 66 pee és g eee at it Oe ra | : ini least 10 per cent BaO an a, + ncy to ultraviolet rays containing at 
¥ 10 ver cent of B,O3 and not more. than 3.5 moles of acid per iia i ore a glass contains no arsenous oxide and practically no ferric oxide. a 

= Philips’ Gloeilampenfabrieken 67 describes a glass substantially free from alkali 
ia tine of at least 60 per cent of silica together with B,Osg and Sei 

| Dass softens above 600°. One proposed composition is SiO, 77.2, Al,Os ee 
. 4 and B.Oz 7.0 per cent. Smelt 68 however, uses SiO, 65, B2Oz 2, Na,O 95 
: 9.5, BaO 15 and ZnO about 3 per cent; iron (in traces) and a fluoride about 

cent were incorporated in the mixture. 

Beryllium fluoride glasses have been said to transmit to 2200A °° and Ziegler ‘Be 

280 290 300 310 320 330 340 350 360 370 380 

winter months.53 Clark 54 estimated that a perso 

Gould C. E., Hampton, W. M., and Martin, H. S., British P. 312,728, March 19, 1928; 
“hem, Abs., 24, 937 (1930). 

aglish S, Glass, 5, 338 (1928); 8, 52 (1931); Chem. Abs., 23, 252 (1929). gah vge Tt 1. i th British P. 320,904, July 25, 1928, to Pilkington Bros.; Chem. S., 24s 
Pill 
\4- 

because the amount of ultraviolet which can ent 

2 
29); Chem. Abs., 23, 3063 (1929); Brit. 

ae B 358" (1929); Rete ee aetna E, Cheese Ber., 9, 577 (1931). 
“Rose, G., Sprechsaal, 62, 314, 333, 352, 375 (1929); Chem. Abs., 23, 4544 LEE toll 
“®German P. 493,857, Dec. 30, 1925, to Deutsche Spiegelglas A.-G.; Chem. dbs., 27; ; 

"German P. 528,394, July 9, 1929, to gate sea ee ae 
oO P, 524,374, May 10, 1927, to Deutsche Spiegelglas A.-G. ‘kolai 6 c V. V., Keram i Steklo, 7, No. 1, 4 (1931); Wollner, F., enter ok ees pel 

‘British P. 339,903, March 12, 1929; Austrian P. 120,674, Oct. 15, 1929; French P. pees 
930. 
aeckel, G., German P. 583,001, Aug. 26, 1933, to Sendlinger optische Glaswerke; Chem. Abs., 

B 277 (1934). 
uate 1so, Elenbaas, W., Briti 6, to N. V. Philips’ Gloeilampenfabrieken; see also, Ele > Wey 

gf 2778 Jan. aL Coaltias P. 373,786, May 17, 1938; Chem. Abs., 32, 5316 (1938). 
8 Smelt J. A. M., U. S. P. 2,056,627, Oct. 6, 1936; Chem. Abs., 30, 8550 (1936). Cee 
soHeyne, G., Angew. Chem., 46, 473 (1933); Salmony-Karsten, A., Sklarske Rozhledy, 11, 3 
1934); Chem. Abs., 29, 6713 (1935). | 

Falk, I. S., and Coade, E. N., J. Am. Med. Assn., 89, 18 



172 THE CHEMICAL ACTION OF ULTRAVIOLET RAYS ee ey nh Se Cee 173 

and Wellmann 7° have suggested alkali-beryllium-borate glasses as subst 
quartz in optical work. Such a glass, containing 15 to 25 parts of boric 4 
of beryllium carbonate and an alkali carbonate equivalent to 3 to 6 parts 
carbonate, is reported to be applicable for lenses, prisms and mercury-vq 
Draisbach and Draisbach ™ fuse beryllium ortho- or meta-phosphate, a 
corresponding salts of calcium, magnesium or sodium. 

4 It has been proposed to make a fabric of threads formed of a core of 
a ue to light, such as cotton, carrying a coating such as regenerated 
jal opad ple of transmitting ultraviolet.2? The Vitalite Co. produces a fine 
gse, CAP ae with a cellulose acetate composition, yielding a flexible wire 

c’ oth Bing the advantages of weather resistance and transmitting the ultra- 
ict, fee Ramstetter 88 suggested the use of transparent condensation products Bange- 

ituteg 

Cid, ]. 
of lig 

PD Or lad 

nd adg 
: ivatives wi le of yielding formaldehyde 

Another trend is the development of lithium-beryllium-borate ‘ ‘Getan” , rbamide ia a ee Eien lersolet aie which is not hygroscopic and does not decompose in the air, but is transparen, isabel een : mctit Coik oH an wieavebecatenaten! Mee 

ee ee cone mm. of the glass transmits 80 per cent of the ene Bem ate 100, triphenyl phosphate 10-20 and dibutyl tartrate 10 to 20 parts. @) ve- ' a 
) e instances 85 “Vitaglass” or quartz glass may be made into a laminated 
n She aid of acetylcellulose applied in the form of thin sheets. Zimmerli 5° 
q 4g an ultraviolet-transmitting material by evaporation of a cellulose ester 
. sticizer, such as diethyl phthalate. Polymerized vinyl compounds, includ- 

" , acetate, chloroacetate and styrene, may be used in single or laminated 
viny making reénforced glass substitutes permeable to ultraviolet light.8* 

“ 4 on the Transmission of Various Ultraviolet-permeable Materials. 
tie and Turner °$ determined the transmissions of 2 mm. thicknesses of eight 
w cial glasses over the range 7000 to 2000A. Corex A was found to transmit 89 

a in the therapeutic region (2950-3150A). The remaining glasses showed : 
palux,” 73 per cent, “Sun Ray” 62, “Holvi” 61, “Viat” a Helio? 73, ["Uipol “Ouattz-Lite,” 4 per cent. Ordinary window glass transmits only 1 per cent of 
Bays. Corex had the lowest iron content, 0.012 per cent, that of the remaining 

sles ranging from 0.021 to 0.054 per cent. After a 12 weeks exposure to sun- 
Corex became stained with a white film. But on being cleaned, it showed 

jnished transmission. When artificially aged under the carbon arc, the 
est change occurred in the first two hours, the fall in transmission coinciding 

4, a decrease in the proportion of ferrous oxide to total iron oxide in the glass. 

ener 8? finds this change can be reversed by heating the glass to 600-7 00°C.9° 
‘man 91 believes the solarization to incolve the formation of ferrites. 

scording to Bundesen, Lemon, Falk and Coade,*? incandescent 300-watt lamps 
th ordinary glass bulbs emitted radiations comparable to Chicago sunlight in 

inter months and Vitaglass bulbs emitted radiations as far as the region 2800 
JOA 

The results of the physical transmission of Corex received confirmation in 

The Philips Lamp Co.” suggest for bulbs for transmitting ultraviolet 4 4 
transparent glass containing a fluoride and practically free from lead, antimony 
titanium. Locke and Locke‘ melt a fluorine-containing batch ( SiO, 35.5 
HgBOg3 16.5-32.5, AlpOg 21-27 and CaO 11-17 per cent with calcium fluoride) ’ 
carboniferous container. Fuwa and Suzuki? use 1 to 5 per cent sodium a... 
and 1 to 5 per cent ammonium oxalate or tartrate. 

A glass of high resistance to water and permeable to the ultraviolet may be 
posed for the greater part of barium metaphosphate, along with metaphosphates « 
calcium and magnesium.76 Grimm and Huppert 7 replace the silica normally y 
in making glass wholly or in part by AlPOy, in the proportion of one molecule. 
every two of silica replaced. Ammonium salts, particularly phosphates, may 
added to the frits of phosphate glass.78 j 

Other Ultraviolet-Transmitting Materials. In the preparation of Windoy 
glass substitutes, materials quite unlike glass have at times been employed. Thy 
urea-formaldehyde condensation product was introduced for this purpose by 
Luco Products Corporation under the name of Aldur. Crist 79 gave a curve 
its transmission and compared it with “Vitaglass.” (Figure 87 .) He found also ¢ 
when exposed at 65°C. at 8 inches from a 220-volt mercury lamp, no change 
transmission of the 3020A region was apparent after 41 hours, a fairly severe t 
The transmission of the 2540A line was decreased from 48 to 40 per cent in 
hours. Data for “Plexiglas” (Acryloid) have been given by Jakobson.8 

A filter suitable for glazing windows which transmits to 2900A is a polymeriz 
vinyl acetate, reénforced with a reticulated material as a wire mesh or won 

b 

=a 

fluor 
D at 

7 Ziegler, W., and Wellmann, M., Z. tech. Physik, 14, 288 (1933); Chem. Abs., 27, 4366 (193 Wellmann, M., German P. 585,816 (1933); Chem. Abs., 28, 1492 (1934). a ™ Draisbach, H., and Draishach, F., British P. 436,426, Oct. 10, 1935; French P. 783,966, At 
Zs ~ LOO. 

 Hertsriken, S. D., Tech. ‘Phys. UiS:S.R., 3, 336 (1936); Chem. Abs., 31, 4782 (1937). 
78 cid P. 373,378, May 29, 1930, to N. V. ‘Philips’ Gloeilampenfabrieken; Chem. Abs., 27, 3: 3). : 

reider, C. E., U. S. P. 1,786,205, Dec. 23, 1930, to National Carbon Co. Note also British P. 
7, June 29, 1929. 

illen, J., U. S. P. 1,910,850, May 25, 1933; Chem. Abs._ 27, 4101 (1933). 

amstetter, H., German P. 416,753, Jan. 31, 1923, to Badische Anilin und Soda Fabrik. e 

men, J. F., U. S. P. 1,931,518, Oct. 24, 1933, to Celluloid Corp.; Chem. Abs., 28, 637 (1934). 

i > British ‘P. $23;671; Kunstoffe, June, 139 (1930). Dreyfus, “C., U.S. P: 
Me 50. i033, Chem. Abs, 21, 5503 (1933); U. S. P. 2,002,082, May 21, 1935; Chem. 

9, 4539 (1935); Canadian P. 330,842; Chem. Abs., 27, 3375 (1933); British P. 306,397, Feb. 18, 
© British Celanese, Ltd.; Chem. Abs., 23, 5021 (1929). 
immerli, A., U. S. P. 1,842,640, Jan. 26, 1932, to Acetol Products; Chem. Abs., 26, 1781 

(193 
™ Locke, F. M., and Locke, F. J., U. S. P. 1,886,280, Nov. 1, 1932, to Corning Glass ( 

Chem. Abs., 27, 1470 (1933). 

® Fuwa, K., and Suzuki, S.. Japanese P. 101,817, July 1, 1933; Chem. Abs., 28, 5617 (193 
Fuwa, K., U. S. P. 1,971,309, Aug. 21, 1934, to General Electric Co.; Chem. Abs., 28, 6542 (1934). © 

76 French P. 751,524, Sept. 5, 1933, to I. G. Farbenindustrie A.-G.; Chem. Abs., 28, 1159 (193% Kaufmann, W., and Bungartz, E., U. S. P. 2,031,958; German 'P. 634,698-9 and 636,035; Chem. Al 
31, 828 (1937). Aluminum may also be added to increase the water resistance. 
é ae H. G., and Huppert, P., German P., 580,295, July 8, 1933; Chem. Abs., 27, 388, 4 

ws Erench P. 775,451, Dec. 28, 1934, to I. G. Farbenindustrie A.-G.; Chem. Abs., 29, 2680 (193. British P. 424,366, Feb. 20, 1935. For other patents on ultraviolet glasses, see German P. 527,0 
Dec. 16, 1928, to Deutsche Gasglihlicht Auer-Ges.; Gericke, I., German P. 527,404, Jan. 17s ; 00°C. for ea Weld, H. W., U. S. P. 1,845,376, Feb. 16, 1932: Chem. Abs., 26, 2294 (1932). fis es or to i . ee hare ae Fpeeys. Chen? Abas te ases Tees, 

% Crist, R. H., Ind. Eng. Chem., 20, 1367 (1928); see also Katowaki, H., and Kasai, E., Re 3 mann, J., Glastech. Ber., 12, i 4g si oi _ TE: OF Salsas ceed dSeah eset Imp. Ind. Research Inst., Osaka, 13, No. 3 (1932); Chem. Abs., 27, 1719 (1933). 4 998 undesen, H. N., Lemon, H. B., Falk, I. S., an oade, E. N., J. Z . +» O75 
80 Jakobson, T., Tek, Tid., 67, Uppl. A-C, Kemi, 15 (1937); Chem. Abs., 31, 4210 (1937). 28), 

titish P. 366,077, July 29, 1929, to Celluloid Corp.; Chem. Abs., 27, 3047 (1933). 
tarkie, D. Turner, W. E. S., J. Soc. Glass Tech., 12, 306 (1928); J. Soc. Chem. Ind. 
ent, Bet S9, 245 (4929). Other data have been given by Winther, C., Z. wiss. Phot., 25, 
928), and by Harris, D. T., J. Sct. Instruments, 6, 2 (1929). 
Urner, W. E. S., J. Soc. Chem. Ind., 48, 65 (1929). rye 

om H H. P., U. S. P. 1,889,067, Nov. 29, 1932; Chem. Abs., 27, 1470 (1933). ritish 
908, Nov. 14, 1928, to Corning Glass Co.; Chem. Abs., 23, 3066 (1929). Hood heats to 550 
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prophylactic animal tests against rickets, using Uviare irradiati on thr samples.9% Growth curves, calcium and phosphorus determinations in me 
serum, x-rays of the tibiae and femurs, bone ash and pathological studies “ 
showing that irradiation through Corex was as effective as direct i 
glass” was less effective and animals irradiated through ordinary window elac 
results very similar to those found in non-irradiated animals. Wyman 94 
ducted therapeutic tests on rachitic children with similar results. 

tradiation « 
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FIcurE eis Transmission Curves of sari at atueraltk ng Glasses. 
(Coblentz and Stair, Journal Research, Bureau of S ities. 

Durability of Ultraviolet-transmitting Materials. The question of sola 
tion, or the effect of prolonged exposure to the sun or other sources of ultraviole | 
of importance since ultraviolet transmitting materials are intended for use over k 
periods. The discoloration of glass in the globes surrounding street arc light 
familiar to everyone. 

ultraviolet rays, the glass becoming fluorescent and phosphorescent. 
color fades irreversibly on heating. 

In 1927 the Bureau of Standards had found that nearly all of the glassell 

The bre 

in use undergo a photochemical action, the glass decreasing greatly in transparen 
in the region 2900 to 3100A when hap grat to ultraviolet radiations.°* The mai 

% Wyman, E. T., Holmes, A. D., Sm W., Stockbarger, D. C. ,and Piggott, M. G., An 
Diseases of Children, 37, 473 (1929); ont tbe 33, 3064 (1929), 

% Wyman, E. T., Boston Med. & Surg. J., 197, 376 (1927). 

% Eckert, F., Z. ‘tech. Physik, 7, is. (1926); Eckert, F., and Schmidt, K., Glastech. Ber., 10. 
(1932); Chem. ” Abs., 27, 1468 (1933 

96 Bureau of Standards, K Frank. Inst., 
J. Research Bur. Standards, 
23, 1121 (1928); Chem. abe 

666 (1927); Letter Circular No. 
» 629 (1929); Coblentz, W.oW.; and Staizy gy 
a 944 (1929). 

235, 3rd Revs 
Trans. I ium. Eng. ; 

alg f 

The Window Glass ig _ 

a 
=2.01 mn 

Eckert 9° noted that glasses containing a small percentage 
cerium rapidly assume a brown color in day or artificial light due to the action 
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| lasses (Figure 88): (1) Fused quartz, Corex and Locke glass, 

‘tial transmission of the 3020A line of over 85 per cent and show 

pean in e in solarization; (2) “Vitaglass” and Helioglass, with initial 

on of 45-5 per cent, decreasing to about half on exposure; (3) Quartz- 

; dow glass, with initial transmissions of 0 to 1.5 per cent and no 

sure. Cel-O-glass becomes opaque to this line after 25 hours’ 

uartz mercury arc, but a sample that had been exposed to the sun 

a 3 tit ng the months of April to October decreased but little in trans- 

ron . other hand, samples that had transmitted 30 per cent when new, 

oO" ly 5 to 10 per cent after having been exposed on the side of a building 

ited x ppm April to December, showing that the change in transparency 

pee” on weather conditions. This product has been eniployedis in poultry 

ee Beating leg weakness in chicks.97 Russell and Howard °° found that 

o Cel-O-glass for this purpose was not diminished after exposure for 13.5 
alue 

into three : 

no d 

3i0n O 

1 e recent work, Coblentz °°? reported improvement in the quality of certain 

1 on sses. He summarized data (based on samples secured prior to May 1, 

a ead on exposure of the glasses for ten hours at 15 cm. from a 110-volt, 

Dal Uviare and of duplicate samples exposed to the sun for five to twelve 

a ee an average thickness of 2.3 mm. (Table 15.) 
| 

iJ 

a Table 15.—Transmission of Ultraviolet Rays by Glass. 

r-——-Average Per Cent Transmission——, 

: 4 Trade Name Number of Samples New After Uviare After Sun 

a Quartz glass 1 rie 92 92 

~ Corex D 2, 61 59 60 

 Newglas 3 63 50 57 

 Uyiol-Jena 3 67 48 53 
 Helioglass g 64 45 53 
 Sunlit 3 71% 42% 51 
 ‘Vitaglass 20 58 33 42 
j Common window 3 0 0 0 

f proved material later examined averaged 72 per cent when new and 47 per cent after exposure 
mercury lamp. 

Se 100 found the foreign products Osram UV, Ultraviol, Brephos, Bios, | 
a and Schott’s UV to show only small ageing. He has also considered the effect 

t on the rate of ageing, a matter of importance when such glasses are used in 
bulbs. Nitchie and Schmutz 1°! found in some cases an increase in short-wave 
mission at 450°C. 

‘Coblentz and Stair 192 studied the effects of various filtered ultraviolet wave- 
agths in producing changes in the ultraviolet transmission of soda-lime-silica glass. 

work was done in’the hope of accelerating stabilization of the transmission. 
his s effort proved impracticable because of alitagonistic effects about 3650A which 

i 7 

mc Ochran, R. L., and Bittenbender, H. A., Bull. 246, Iowa State College, Agr. Expt. Sta., 1928. 
® Russell, W. C., and Howard, C. H., Pitelies Sci., 8, 290 (1929). 
® Coblentz, W. W., Trans. Iilum. End. Soc., 26, 610 (1931). 

‘a Ruttenauer, A., Sprechsaal, 61, 449 (1928). 

it. N itchie, C. C., and Schmutz, x4 C., Science, 71, 590 (1930). 

, voblentz, W. W., and Stair, J. Research Bur. Standards, 13, 773 (1934); Proc. Nat. Acad. 
a 630 (1934); Chen Abs., a9 1597 (1935). 

MN. 
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reversed the action of shorter wave-lengths. No wave-length shorter than 2, | 
was found to have the exclusive property of increasing or decreasing the ‘ 
transmission of these glasses. A phosphate-lime glass has its transmission low 
by wave-lengths shorter than 2900A, and this could not be retarded by EXPogy, 
the region 2970-3650A, in contrast to the soda-lime-silica glasses. Stockbare. 3 pahagin | | 
is of the opinion that solarization, at least so far as it relates to the applicat. perties of these and other filters are due to the ability ot the sub- 

ultraviolet glasses in photochemical. apparatus, is not serious. Solarization : ng: loyed to absorb radiations of definite frequencies selectively. Substances 
place within a short length of time, after which the characteristic Properties o¢ ie y absorbing even when present in extremely dilute solutions are the 
glass are retained for a considerable time. It has been said that when kept i, y materials for filters since, when taken in higher concentrations, 
dark, glass, previously solarized by the mercury arc, does not regain any of ite harp cut-off of radiations transmitted. This means that the wave- 
ultraviolet transparency, but that it does regain transparency when exposed to. ween nearly complete transmission and nearly complete absorption 
light directly or through window glass or when exposed to the mercury are thr comprising only a few Angstrom units. Since but few substances 
a thick layer of window glass. It is also pointed out 194 that the use of the mere filters are best used with discontinuous line sources of radia- 
vapor lamp to predict the loss of transparency of glass when exposed to sunlight 
give misleading results. J 

The tendency of an ultraviolet-permeable glass to lose transparency mal 

FILTERS 
Ultra, : filters have b red for ‘ple region, a great number of scr eens or ters have een prepa 

nite wave-length regions; certain of these find wide employment 

raphy especially in color photography. Others are of importance in stage 

eatisfactor
 

2X ibit as 

» range bet 

ny narrow, 

rf jg require
ment, 

: as the merc
ury arc. 

f the application of glass filters to the measurement of the intensity of ; fe) 
— mitted by a source has been discussed in detail by Stockbarger and 

counteracted by the incorporation of a small proportion (0.05-0.5 per cent) of ps Be ees ee, arise because of failure to take into account the fact that the trans- 
ganese oxide.t°° The I. G. Farbenindustrie 196 describes an ultraviolet-perme . = of filters are not rectangular but sloping; if the cut-off be taken as the 
phosphate glass (stable to irradiation) which was said to have the following 2 encth at which the transmission becomes zero, the results will be greatly in ae 
position: potassium carbonate 13.77, potassium nitrate 6.71, calcium carbonate § ce authors recommend that the yi cae cH Be copsideted (fa. ‘ § ne tie ae 
barium carbonate 3.22, magnesium carbonate 18.53, ByO3 31.04, alumina 28 99, }, the energy transmitted by the filter below the “cut-on” equ 

i é : | ? bove it. In order to locate this point there needs to be known, besides | 
secondary oh pan phosphate 48.70 parts. Huppert and Wolff vik state that Mon, characteristics of the filter, the energy distribution of the source in the 
important phosphatic glasses may be rendered more stable to radiations by incly¢ on which the filter transmits poorly. 
an ammonium salt (phosphate, carbonate or nitrate). The formation of blist 

on 1 . 5 

Particular attention has been devoted to the theory relating the slope of the absorption 
may be avoided by the addition of an oxidizing agent. | . 

Lasse 198 finds irradiation of ordinary and Uviol plate glass with wave-leng 

e of a filter material to the effectiveness with which it will separate a given line from 

it the Shavers Hee le ives cbsorition date for over 3000 to 4000A from a Hanau silica burner diminishes the transparency for ¢ ble Beanie ound aide a at a Nena casio qaanted tortie theotetieal 
rays to 34 and 19 per cent respectively. The coloration of manganese-contair 
glass by ultraviolet rays is said by Cross 1°9 to be due to light of a wave-length ¢ 
slightly greater than 2900A, the absorption limit of the glass. The tinting te ability is another quality desired in a filter material. The absorbed radiations 

place only near the surface, and is hastened by heating. Decolorization is acce produce or initiate only very slow photochemical changes. Otherwise, the 

‘of the filtering material will change during its use, and the products formed 

vy absorb quite differently, resulting in a change in the filtering properties with 

. In the colored filters employed in the visible region, these changes are usually 

nough so that the filters are stable for considerable periods. Liquid filters 

sed of solutions of colored salts or dyes in cells with parallel glass sides, or 

filters of glass or stained films of collodion or more usually gelatin, are com- 
employed. Simple inorganic salts when available are usually more stable 
ore readily prepared in definite concentrations than are the organic dyes, 

108 Stockbarger, D. C., Science, 70, 73 (1929). ‘may be of less definite purity and which are frequently subject to fading. 

ou halved = ae rec bald air eed a ee des. Glaces etiam | qn the ultraviolet region, the energies associated with the various wave-lengths 
Chimiques de Saint-Gobain, Chauny, et Cirey; Chem. Abs., 23, 1235 (1929); Brit. Chem. Abs., bsorbed by the filters are far ereater than in the visible region. Tn this region, 

ee é ah a aia] 5 saat Atesttatsi a een af relents Abs.. B, 406 (19% erefore, it is necessary to check the filtering characteristics of filters at frequent 

| nd ) 077, ce tervals or else to use solutions which flow slowly through the filter cells. ey Huppert ee oe were Ray Le Ht Va EEY as a tga A le 3 2,077,481; see 
oftmann, J., Sprechsaal, 70, 517, 529 (1937); em. Seg S25, 5592, 8717: -€1938): ns A eae tral bands or individual lines 
108 Lasse, R., Helv. Phys. Acta, 5, 92 (1932); Chem. Abs., 26, 6086 (1932). ‘Filters capable of transmitting only narrow spec or : ee 
109 Cross, C. L., Phys. Rev., 27, 108 (1926). i €tare. It is usually necessary to use filters to supply radiations from whic 
110 Lester, W. R., Glass Ind., 12, 83 (1931). q N more or less broad spectral regions have been excluded. In the visible 

Je es pee G., and Smith, H. D., Trans. Roy. Soc. Canada, 22, (3), 433 (1% , there is a filter arrangement which transmits only the green line of the em. Abs., 23, ‘ : : : : : : ‘ 
42 For further discussion of the theory of_solarization processes, see Klemm, A., and Berger, tury arc. This filter is didymium glass, which has a sharp absorption band Glastech. Ber., 13, 349 (1935); Hoffmann, J., Ibid., 12, 53 (1934); Chem. Abs., 28, 4554 (19 a 

Glastech. Ber., 13, 47 (1935); Brit. Chem. Abs., B, 1093 (1936); Glastech. Ber., 14, 281 (1% 
Glass, 13, 419, 433 (1936). 

tment. s 

ated by heat or visible light. : q 
The fluorescent effects produced by ultraviolet on various glasses are sufficier 

different to afford indications of the nature of their coloring materials Shr 
Patten and Smith 1™ found heat treatment at 300°C. to remove the ability of ult 
violet light or even x-ray solarized glasses to luminesce before the quartz mere 
arc. The transmission in the ultraviolet was restored as the thermoluminesce 
disappeared.112 ; 

™ Stockbarger, D. C., and Burns, L., Phys. Rev., 34, 1265 (1929). “Dahm, T. M., J. Opt. Soc. Am., 15, 266 (1927). 
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psorption spectra for the aniline derivative and for methyl violet have 

d by Pospelov and Yampolskii.'°* me 

ed Mynster 7° suggested a filter which transmits a range of 4050 to 
nther 4 ximum at 3750A. It consists of a one centimeter cell containing a 

-_ fon of copper sulfate with six times the quantity of ammonia neces- 

p cent s® ‘ e the precipitate which first forms. This is combined with a one 

0 - 4 a 0.045 per cent solution of fuchsine in water. In another filter,. 

faced by a 0.1215 per cent solution ot potassium chromate, the 

sion in this case being at 3130A. With an increasing excess of 

{fate solution becomes more transparent, especially in the ultra- 

178 LIHE CHEMICAL ACTION OF ULTRAVIOLET RAYs 

between 5500 and 5800A. Used with a strong yellow filter, the filter vie] di 

1 . st opine 
light. Glasses to emphasize color contrasts may contain neodymium oxide ail te 

discussion of filters in the infrared and visible regions lies beyond the scope F 
book.146 Many photographic filters have the drawback of fluorescing and 3d a 

a loss of contrast.147 | 

Filters for Black Light. Among the earliest ultraviolet filters Were th 
designed to exclude the visible rays and transmit only the invisible ultraviolet 
filters have recently acquired new importance with the development of metho ; 

is Beep : 

m transmis 
; . ‘ eile ; l a er Su A : : aaa ee baer ee ce ea By their use, fluorescent effe nia, Be num transparency is attained when the ammonia present is four 

great variety are easily secured. In a darkened room irradiated only by y Bethe necessary to redissolve the precipitated copper hydroxide, and 
“the quantity

 

extends fr
om 

amps im Corex 

violet transm
iss 

violet rays, the teeth, eyes and even the fingernails glow with a weird velloy 
fluorescence. Artificial teeth do not become fluorescent but appear black " 
beautiful fluorescent effects characteristic of various minerals have been 2 1 
quently exhibited in museums as to be familiar to almost everyone. Uranium idl 
shines when exposed to ultraviolet rays, and vapors of mercury may be seen 4 
from a body of mercury even at room temperature when photographed by 4 
violet rays. | 

4500 to 3000A. ; 7 

are made impermeable to visible rays, while retaining their 

ion, by dipping in an alcoholic suspension of P2O; 68, CaO 27, 

5 per cent, with cobalt oxide to color, or of SiO, 68.5, B2O3 23, Na,O 6.5 

4 4 2 per cent. The lamps are then heated in a furnace.!?* An envelope to 

4 his same purpose has been suggested by Gillard and West.175 It comprises 

4 with nickel oxide and a little copper oxide. The maximum transparency 1s at 

4A falling rapidly on either side of this wave-length. Another means of 

Sing ultraviolet radiation with but one per cent of the visible is by operation 

‘gmall mercury arc at 5 amperes and 15 volts.° | 
Filters Excluding Various Ultraviolet Regions. Some of the glasses whose 

mission characteristics have been discussed in the preceding section, have been 

sJoyed as filters for various wave-lengths in the ultraviolet region. Their useful- 

< for this purpose is somewhat limited by the lack of sharpness of their transmis- 

n curves.177 e ire | 
Corning glass filters 128 are most satisfactory where their thickness and conse- 

sat bulk are not objectionable, and where appreciable heat must be dealt with. As 

pparent from Figure 89, they generally have rather broad but high transmission 

tacteristics and hence are used in combination to secure the desired effects. A 

oxide glass (Corning) transmits 3660A. Further data on the filtering 

erties of various glasses by Taylor and Holladay are recorded in Figure 90.129 

Tn order to prepare a ray filter which will allow only waves of a definite length 

pass, Peskov 1° states that it is necessary to calculate the coefficient of absorption 

substance and then determine the density and thickness of the solution so that 

e desired quantity of energy of a definite wave-length will pass the filter. 
Gases have been widely used as filters in the ultraviolet. The coefficients of 

bsorption of a number of gases for light after passage through quartz windows 
as been measured by Varley.131 It is the filtering characteristic of oxygen (aside 

122 Pospelov, A., and Yampolskii, B., J. Phys. Chem. (U.S.S.R.), 3, 514 (1932); Chem. <Abs., 
, 1826 (1933). | 
2 Winther, C., and Mynster, E. H., Z. wiss. Phot., 24, 90 (1926); Chem. Abs., 20, 3249 (1926). 

“French P. 762,053, April 3, 1934, to Compagnie des lampes. See also Eidinow, A., and 
wittic Electric Co., Ltd., British P. 307,961, Dec. 13, 1927; Chem. Abs., 24, 29 (1930). 
Gillard, F. W., and West, D. L., British P. 294,949, Apr. 1, 1929; Chem. Abs., 23, 1827 (1929). 

also Sugie, J., J. Japan. Ceram. Assoc., 34, 24 (1926); Chem. Abs., 22, 487 (1928). © 

*Zahour, R. L., Elec. J., 30, 453 (1933). 
wannich, C., Chem. Zig., 33, 1167 (1909). 
a aibson, K. S., and McNicholas, H. J., Bureau of Standards Tech. Papers, 119 (1919); 148 
mY); Sci. Paper 325 (1918). 
» wor, A. H., and Holladay, L. L., Trans, Illumin. Eng. Soc., 26,.711 (1931). 
ekov, N. P., J. Phys. Chem., 21, 381 (1917); Z. wiss. Phot., 18, 235 (1919). 
_ Yarley, W. M., Proc. Camb. Phil. Soc., 12, 510 (1904). | 

A filter for this purpose consisting of quartz coated with silver was emplo 
by R. W. Wood in 1911 in a demonstration at the Royal Institution of the fluotedl 
effects produced by ultraviolet radiations. Among the striking effects there dem 
strated was the fact that white zinc oxide comes out black. Photographs of flow 
taken through a quartz lens were also exhibited. A number of flowers which, wh 
photographed by visible light, came out in widely different shades, when whitl 
colored, left a black or dark gray image when photographed by ultraviolet li 
Another group of flowers to which Michaud and Tristan 18 gave the name of uf 
violet flowers, were reproduced by ultraviolet much as by ordinary light, 
flowers were yellow under ordinary light. These authors prepared a lens wi 
excludes light other than ultraviolet by precipitating on a quartz lens a layer 
silver from an alkaline silver solution by means of a 10 per cent solution of 7 
sugar. | y 

Silver, either in the form of plates or in the colloidal state, is not entirely sal 
factory since its absorbing capacity ends at about 4000A 119 and with high cone 
trations of silver, absorption in the short ultraviolet region is noted. Brock 
prepared a silver filter by exposing a lantern slide, developing it to a brown co 
and then stripping off the emulsion and supporting the latter between two plates 
of Uviol or “Vitaglass.” The resulting filtering action is believed superior to that 
either sputtered or chemically deposited films, maximum transmission occurring 
about 3000A. 

Wood 171 suggested the use of nitroso-dimethylaniline in making filters trat 
parent only to ultraviolet rays. This compound, however, transmits only the lont 

5 Weidert, F., British P. 338,334, Dec. 15, 1928; Chem. AbSs., 25; 2259: (19315. 
116 See Mees, C. E. K., in Glazebrook’s Dictionary of Applied Physi IV; Pot enko; 

J. Russian Phys. Chem. Soc., 48, 790 (1916); Brit. J. Phot., 68, 507, (1921), Sasi es 7 
17 Backstrém, H., and Joh R., Z. wiss. Ph oe 93 32, 2837 (1938). Johansson, R., Z. wiss. Phot., 36, 194 (1937); Chem. Abs., 31, 6123 (a 

418 Michaud, G., and Tristan, F., Scientific American, 111, 301 (1914). 
sige? also Goos, F., Z. Physik, 100, 95 (1936); for gold films, see Goos, F., Z. Physik, 100, 

120 Brock, G. C., Sci. Proc. Roy. Dubli . ; . 193 
Chem. Abs., 27, 5262’ (1933). Hy, Deblin Soc, 2, 863,.(1938); Brit, J. Phot: St 
71 Wood, R. W., Phil. Mag., 5, 257 (1903); see also Lehmann, H. Physik. Z., 11, 1039 (1%! 
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of the output of the source employed) which sets the short 

hotochemical work, since it begins to absorb strongly at 1860A, ~ 

“itroge” is transparent even at 1250A. According to Peskov, chlorine is 

sot useful, since its maximum absorption is in the region 3800-3000A. 

Bc yapor cuts out the visible part of the spectrum to 3800A and its absorption 

ends slightly beyond the point where chlorine absorption begins. In 

ch. orption characteristics of these two elements change because - 
 goltttions, the abs 

e formation of complex molecules of halogen and water. 

- {imitations 

remit 2 most P 

a 

PER CENT TRANSMISSION 

me — — 
ae =. 7 L 

+ —— 

ia es x S te 
a 

Es Es EE i TIA 
auceZe,.neeeee 
2400 ) 

WAVELENGTH 4° 

Glass Filters (Taylor and Holladay, 
a 90. Spectral Transmission Curves of 

| A, red-purple Corex A, 4.21 mm. 
sactions Illumination Engineering S ociety). 

thick; B, microscope glass, 0.18 mm.; C, microscope slide, 0.96 mm.; D, “Pyréx,” 

105 mm.; E, 2 layers of microscope glass, 0.36 mm. total; F, 3 layers of microscope 

elass, 0.55 mm. total; G, “Pyrex,” 2.99 mm.; H, Quartzlite, 2.02 mm.; J, Helioglass, 

2mm. ; K, “Vitaglass,” 2.77 mm. 
eS 

Tse has been made of chlorine and bromine filters in the work of Svedberg and 

thols 123 on the determination of the molecular weight of egg albumin by ultra- 

In this work, it was necessary to determine the concentration 

various parts of a quartz cell by a photographic method 

n to absorb in the ultraviolet. In order 

by means of the density of a photograph 

arc through the solution, it is necessary 

lat a strong absorption band of the protein be used. Since the protein does not 

‘g bh much light of wave-lengths longer than about 2950A, it is necessary that such 

pen be removed by a filter to prevent the light from affecting the photographic 

te. A combination of chlorine and bromine filters absorbs most rays longer than 

WA and passes those shorter. Although the filter does not remove the yellow 

mcury line, this does not affect the photographic plate. 

ag obtain the 2537A line alone by methods other than the use of special reso- 

POldenberg, O., Z. Physik, 29, 328 (1924). 
"®vedberg, T., and Nichols, J. B., J. Am. Chem. Soc., 48, 3085 (1926). 

ntrifugal methods. 
‘the protein solution at 
ending upon the property of the protei 

asure the concentration of the protein 
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es, they apply only to a specified source (H-3 capillary high-pressure mer- 

Sc) and specified receivers. 

4 pen it ‘s desired to remove infrared rays to prevent their possible effects on 

"erature of solutions undergoing photochemical reactions, water is employed 

er in a quartz cell. A l-cm. thickness transmits 58 per cent at 9450A and 

nance lamps, it has been proposed to use the halogens at higher concentp. 

Peskov 184 calculated from their extinction coefficients that the bromine shi 

about 0.0046 molar and the chlorine 0.176 molar or about 4 atmospheres 7 

berg 185 proposed to avoid any absorption of the 2537A line by bromine J 

omitting the latter and employing chlorine at a pressure of 6.5 atmospheres 

i, 

high-pressure filter cells have been constructed of quartz. The absorption , ey cenit at 11,900A.159 Coblentz has suggested filters to absorb the infrared 

chlorine filter has been measured by Villars.137 Calculations showed the .  vetely. Sodium, potassium, ammonium and thallium chlorides act as selective 

filter would be the more nearly monochromatic and would transmit about 27 ,.. e in the region 40-140u.152. A filter solution which transmits the visible rays 

of the light incident at 2537A. ‘Taylor 138 states that filters (not at high pra | absorbs ultraviolet rays shorter than about 4000A may be made from quinine 

of chlorine gas or of chlorine in carbon tetrachloride show a decreasing abs. Bee te.15 Clarke 154 describes a light filter for absorbing blue-violet and ultraviolet 

per unit with increasing thickness and that the decrease is not exponentig] — e It is formed of gelatin or other light-transmitting material containing a salt 

last small per cent of actinic light is difficult to remove. 4 J yucose-phenylosazone-p,p’-dicarboxylic acid. An acid which in 0.01 per .cent 

tion (2-Cm. layer) absorbs ultraviolet and passes most of the visible rays is made 

“cyzuki and Sakurai 155 by condensing dextrose or invert sugar with phenylhy- 

. -ne-p-sulfonic acid in the presence of sodium or potassium acetate at 100°C. 

sed if 2 gelatin filter, 2 gms. per sq. meter, this filter completely absorbs the ultra- 

ey It is claimed that the insoluble basic lead salt of the acid provides an ultra- 

njet-tay proof paint. A colorless pyrene compound, such as pyrene-3,5,8,10- 

srasulfonic acid, with steep absorption curve at about 4100A, has been proposed 

' filter ingredient for removing ultraviolet rays by Wiegand, Merkel and 

vote, Wilmanns, Dieterle and Weichmann 157 suggest for this purpose cyanines 

ontaining two benzoxazole rings, or one such ring and one benzothiazole ring, or 

‘enzoxazole and a thiazoline ring, or a benzothiazole and thiazoline ring, bound in 

1e 2,2'-positions to the nitrogen atom by a carbon atom. 

" Bakelite panels 0.5 mm. thick transmit 30 per cent at 3126A, 3 per cent at 2800A, | 

and none at 2750A, the resin turning yellow.8 Zernik 5° proposes hydroxylquino- 

ulfonic acids and their alkyl or aryl ethers as colorless light filters for ultra- 

olet rays. 

As a filter for altering the intensity of the 2537A line, Melville and Wa 

propose sulfur-free carbon tetrachloride mixed with purified hexane or prefe., 

cyclohexane. Such filters show decomposition after 15 minutes. _ q 

The mercury arc has another strong line at 3650A. Filters for isolation 

line have been proposed by Hartmann,**° Luther and Forbes,14! Winth 

Andrich and Le Blanc,142 and Buttolph.44 Absorption data regarding the Ly 

Forbes filter (0.78 cm. of a solution containing 0.0785 g. fuchsine S, 0.04¢ 

methylene blue, 0.0410 g. p-nitrosodimethylaniline per liter) and the Winthe 

(1 cm. of 0.03-per cent aqueous Diamant Fuchsine) have been given by Gr 

The former gave in a l-cm. layer a maximum transmission of 8 per cent at 3¢ 

In one-fifth strength, 2 cm. transmitted 30 per cent. Acids and alkalies alter abs 

tion by the Luther-Forbes filter, as well as that of the Winther filter. It j 

opinion of Potapenko 146 that the most suitable form of light filter for Uviol ] 

is a stained gelatin film, which may be prepared by coating glass with a g 

solution containing the desired dye, and after drying, stripping the film so fo 

A list of dyes for various wave-lengths was given by Miethe and Stenger 

by Mannich.148 Staats 14° has discussed the problem of making monochror 

glass filters for the wave-lengths 1014, 578, 546, 436, 405, and 365 mu of the me 

arc. In each, two components are used, (a) a glass which absorbs with § 

cut-off, all radiations of wave-length shorter than the one it is desired to trat 

and (b) one witha similar absorption for longer wave-lengths. The ratio d 

thicknesses of the two components is specified for each filter. Graphs give the y. 

tion in transmission and purity of the transmitted light for each of 15 combinat 

In some, auxiliary filters are required. Since the characteristics of such f 

depend upon the spectral distribution of the source and the sensitivities of 

— 

‘A filter for wave-lengths between 2900 and 3200A may comprise a film of trihy- 

iroxytriethylamine salicylate or o-cresotate or other compound of the formula 
sae 
Cee 

1( _ R—COONH(C,H,OH)s, where R is a benzene or naphthalene ring and the 

ydroxyl group of the nucleus and the carboxyl group are in ortho-relation.1© 

“A series of long-wave-pass filters has been described by Schneider and Sperti.161 

fhe shortest mercury arc line which appears on a photospectrogram through 2 cm. 

ch filter solution following an exposure of 5 seconds (Gaertner quartz spectro- 

h) is given in Table 16. The line of next shorter wave-length in each case 

3s not appear with an exposure of 60 seconds. The figures given in the second 

134 . P., Z. wiss. Phot., 18, 235 (1919 ; J. Russ. Phys.-Chem. Soc., 47, 918 (1915) z 

Desk MC Raieales. Keep th Bes 0) : : DNichols, E. F., Phys. Rev, 1, 13 (1893). 
185 Oldenberg, O., Z. Physik, 29, 328 (1924). 

. a Pea ey. eS ULGU AED 

186 Coehn, A., and Stuckardt, K., Z. physik. Chem, 91, 722 (1916). 2, W. W., Bur. Standards Ours 19 655 (1911); 9, 110 (1913). 

j 
ey %2Hirsekorn, H. G., Ann. Physik, 6, 985 (1930). 

187 Villars, D. S., J. Am. Chem. Soc., 48, 1874 (1926). a yh ee Ist 

188 Taylor, W., Nature, 118, 697 (1926). 
oe Th.,.. “Die Methoden der Organischen Chemie,” Vol. 1, p. 313, Leipzig, G. Thieme, 

139 Melville, H. W., and Walls, H. J., Trans. Faraday Soc., 29, 1255 (1933). 1 Clarke. H. T.. U. §. P. 1,293,039, Feb. 4, 1919 | 

0 Hartmann, J., Z. wiss. Phot., 1, 259 (1903). | : MSSuruki T. agd Sakurai, S. U. S P. 1,684,562, Sept. 18, 1932, to Zaidan Hojin Rikagak 

141 Luther, R., and Forbes, G. S., J. Am. Chem. Soc., 31, 770 (1909). y Kenkyujo: Chem. Abs., 22, 4735 (1928). British P. 242,721, Aus. 18, 1924, ele Mama ats 

142 Winther, C., Z. Elektrochem., 19, 389 (1913); for filters for other lines, (5790, 5460, 4360, “0 Wiegand, C., Merkel, E., and Tietze, E., U. S. P. 2,122,828 iv-73!| 1O38* Che 2. 

and 31304), see Winther, C., Ibid., 43, 691 (1937). | (1938). 7 igi lag Ppa ee ; Chem. Abs., 32, 6509 

143 Andrich, K., and Le Blanc, M., Z. wiss. Phot., 15, 187 (1915). y.. Wilmanns, G., Dieterle, W.,; and Weichmann, H. K., German P. 654,900, Jan. 4, 1938; Chem. 

4 Buttolph, L. J., J. Opt. Soc. Am., 6, 1066 (1922). 4bs., 32, 3268 (1938). 

15 Gray, L. T. M., J. Phys. Chem., 31, 1732 (1927). +> Risler, J., Compt. rend., 181, 782 (1925). 

146 Potapenko, G., Z. wiss. Phot., 18, 238; Chem. Abs., 14, 699 (1920). 89 Zernik, F., U. S. P. 1,688,259, Oct. 16, 1928; Brit. Chem. Abs., B, 528 (1929). 

147 Miethe, A., and Stenger, E., Z. wiss. Phot., 19, 57 (1919); J. Soc. Chem. Ind., 39, 313A (17 MStockelbach, F. E., U. S. P. 2,128,334, Aug. 30, 1938; Chem. Abs., 32, 8274 (1938). 

148 Mannich, C., Chem. Zig., 33, 1167 (1909). 3 ee cer, H., and Sperti, G., Bull. Basic Sci. Research, 1, 9 (1926); Goode, G. P., Ibid., 5, 

149 Staats, E. M., J. Opt. Soc. Am., 28, 112 (19338). 
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column are the number of cubic centimeters of water in which one gram 
e ° Of Oy, 

stance is dissolved. | : 

Table 16.—Transmission of Ultraviolet Rays by Filters. 

Salt _ Dilution Wave-length Lisa 7 

Ammonium Sulfate Concentrated 2030 
Strontium Chloride Concentrated 2120 
Calcium Chloride Z 2220 
Acetic Acid 500 2250 

50 2300 
20 2370 

Lead Acetate (0.28 g. per 1.) 2380 
| 1000 2450 

600 2480 
200 2570 

Copper Sulfate 100 2570 
Lead Acetate (15;.g. per 1.) 2650 

40 2680 
20 2750 

Copper Sulfate 40 2880 
25 2960 
3 3130 

Cupric Chloride 20 3340 

In the preparation of these filters, no attention was paid to the purity or hydratig, 
of the materials. Instead, after preparation, the filters were tested spectrograph 
ically and adjusted by the addition of water or concentrated salt solution. A sem 
commercial scale apparatus in which these filters may be employed for the irradia 
tion of large areas of solutions or liquids of various kinds has been describec 
(Figure 97,162 : 

Two Hanovia 500-watt quartz mercury arc burners, operated at 135-145 volts 3 
are housed in two separate square metal shields equipped with air-cooling louvres. ( 
the housing of each burner are mounted three filter cells, the frames of which are of 
chromium-plated brass, 10 by 17:5 cm., equipped with large quartz filter plates 2 cr 
apart. The quartz plates are sealed to the cell frames with picein wax. The joints o 
the side next to the lamp are cooled by water which flows through the hollow section C 
the filter frame. The filter solutions are kept in five-gallon glass storage bottles in th 
top of the unit. All piping and valves in the filter feed and drain lines are either coppet 
brass, or chromium-plated brass. The filter solutions are forced through the lines by di 
pressure, maintained at ten pounds by a regulator. The flow is made visible by a dri 
cup in the drain line mounted on the front of the unit; its rate is adjusted to change th 
solution in each cell every fifteen minutes. Six different filter solutions and dist et 
water are available for each lamp at any time by opening the proper line valves on the 
front panel. Nitrogen and ice water outlets are mounted on the unit so that a nitroger 
atmosphere and cooling may be applied continuously to the material irradiated. Motor: 
driven rotating and stirring devices are built into each lamp housing. It is possible te 
irradiate oils in thin films in large rotating cylinders, solutions in rotating test tubes; 
and liquids in various types of cells equipped with stirrers. The distance from the 
burners to the cells is approximately 15 cm. Three experiments, utilizing different 
filters, may be carried on simultaneously with each lamp, or six with the complete unit 

{ FIGURE 91. Ultraviolet Irradiation Unit. (Goode, Bulletin Basic Science Research). 

F three solutions used, the solvent is one liter of water and 125 cc. of glycerin to 

‘prevent cracking. No. 1 contains 80 gm. of sodium benzoate, No. 2, 40 gm. of 

“potassium acid phthalate 16¢ and No. 3, 30 gm. of cinnamic acid and 10 gm. of 

potassium hydroxide. Sheets of the desired size of No. 600 Du Pont Cellophane 

“ate soaked in the desired solution for 12 hours and allowed to dry. In making 

‘gelatin filters, powdered gelatin in unspecified quantity is dissolved in the filter . 

‘solution and the liquid spread on sheets of glass or quartz. The transmission curves 

Of these three filters are given in Figure 92, in which Corex D and Quartz-lite are 

added for comparison. On intense irradiation, particularly with the shorter wave- 

lengths, these filters deteriorate, the absorption limit shifting toward longer wave- 

lengths. For this reason, it is advisable to use these filters in conjunction with a 

‘filter of Corex D which absorbs much of the energy in the shorter wave-lengths, 

Withrow 7% describes filters for the region 2900 to 3200A, made of solutions 
of organic acids adsorbed on regenerated cellulose or impregnated in gelatin sheets 
the latter being the stronger and having the smoother surfaces. In each of the 

162 Goode, G. P., Bull. Basic Sci. Research, 5, 39 (1933); U. S. P. 1,966,546-7, July 17, 1934, t 
General Development Laboratories, Inc. a 
a. er Rs, Boe ee ene cererch 3, 82 (1931); U. S. P. 1,938,734, Dec. 12, 193¢mm i. 

evelopment Laboratories, Inc. i ] ee ee a Suggested by Saunders, F., J. Opt. Soc. Am., 16, 362 (1928). 
h 
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the gelatin filters serving to sharpen the absorption limits. Under suc 
two sheets of No. 1, absorb practically all radiations shorter than the 
two sheets of No. 2 all beyond the 3130A line and three sheets of } 
the 3340A line. 

F IGURE 92, 

Jones 16 described a set of eight filters, only two of which were intended 4 
the ultraviolet region, the others covering the visible and infrared. One ultravio 
filter was made by combining 2 cm. of 10 per cent copper sulfate solution with 3 
mm. of Corning glass G 586. This filter transmits between 3300 and 4300A with 
maximum of 69 per cent at 3800A. At all wave-lengths between 4300 and 12,000 
transmission is less than 0.1 per cent. The other ultraviolet filter combined a 1 em 
layer of a 50 per cent aqueous solution of NiSO4.7H.O with 3.2 mm. of Cornit 
glass G 986A. ..It transmits between 2600 and 3600A, with a maximum of 50 9p 
cent at 3100A. By adding 1 cm. of 2 per cent CuSO,4.5H,0, all wave-lengths shor 
than 3100A can be absorbed. Bhagwat 166 has determined the transmission of sol 

(1 

166 Bhagwat, W. V., J. Indian Chem. Soc., 11, 5 (1934); Bull. Acad. Sci. United Provinces Agra Ou 
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% Pucel salts. Combinations of these salts with cobalt salts transmit only in 

ft Piet q mixture of 366M cobalt chloride and 2.08M nickel nitrate trans- 

fave co8A, The cobalt salt alone transmits the 2618-4063 and 7100-7600A 48 307-359 
nS. Bey list of ultraviolet filters for the mercury lamp, most: of which also 

ne he infrared, has been proposed by Bowen,!®? who employs the filters in 

. ks which serve as condensers, increasing the light intensity. One flask. 

a E rieters from the lamp gives approximately parallel light. Two flasks 

Ww " . contact and with one nearly touching the burner, give more intense 
st ‘@ erging to an image about 5 cm. beyond the second flask. For the regions 

: alow and green lines and (b) blue, violet and 3665A lines, the first 

©: 10-12 cm. diameter) contains distilled water and the second, a double- 

ee sat flask, has the inner part filled with water and the 1-cm. space filled 

a solution of 60 gm. CuSO45H.O, 2 gm. K,Cr2O,, 55 cc. of concentrated 
” acid and made up to one liter with water. With this arrangement, 3.4 

a orning 344 transmits only the 5790 and 5770A lines, and 5 mm. Corning 
- the green line 5460A. For the region (b), the solution for the outer 

+ of the Dewar flask is 20 gm. CuSO45H,O and 300 cc. aqueous ammonia 

42 to one liter with water. With this solution, 2.5.mm. Corning Noviol A 

<¢ transmits only the blue line 4360A, 2 mm. of Corning Noviol 0 and 1 cm. 

carbon tetrachloride solution of iodine (7.5 gm. per liter) transmits only the 

40A line and 2 to 2.5 mm. of Chance’s black ultraviolet glass transmits only the 

» 3665A. 
ee ultraviolet region, 10 cm. spherical quartz flasks are used. For the 

poion 3340-2800A, the first flask has a solution of 70 gm. NiCl.-6H,O and 30 cc. 

~ entrated hydrochloric acid per liter. For the region 2800-2480A, a solution 

‘one-fifth that concentration is employed. These solutions remove the infrared 

@ 4060A lines and greatly reduce the 3665A line. For the 3340A line, the 

cond flask contains uric acid in water saturated at 15°C. For the 3135A line, 

his fask has a potassium chromate solution made by diluting 5 cc. of a stock 

olution (3.0 gm. per liter) with 5 cc. of 2N sodium hydroxide and 490 cc. of 

mater. The filter is used with a l-cm. plane quartz cell containing circulated 

stassium hydrogen phthalate (13 gm. per liter) in water. For the 3135, 3030 

970A lines, the second flask contains 60 cc. of a stock solution of Auramine 

25 gem. per liter) in 440 cc. of water, and is used with 1 cm. of circulating 

turated benzoic acid in water. For the 3030 lines (and all shorter. ones), the 

econd flask contains water. For the 3030A line, there is used 1 cm. of benzene 

irculating at the rate of 4 liters per hour; for 2650A, chlorine gas at 760 mm. 

3em. layer) and a circulating solution of pure benzene in water (1 cm.) (82 cc. 

of the saturated solution at 15°C. diluted to 100cc.). For the 2750-2480A lines, 

3m. of chlorine gas at atmospheric pressure is used. For the 2540A line, there 

is employed in addition to the chlorine filter, 1 cm. of a solution made by diluting 

6 cc. of a solution of 12.7 gm. iodine and 18 gm. of potassium iodide per liter, 

0 one liter. Transmission data for these filter arrangements are given. Some 
hanges in the list were made subsequently.16® : 
‘Slightly different filters, employing also cobalt sulfate in sodium cinnamate, 

lave been recommended by Backstrom? for the medium ultraviolet region. 

‘nother series, using cobalt, chromium, copper, manganese and nickel: salts has 

™™ Bowen, E. J., J. Chem. Soc., 2236 (1932). 
pa 

Bowen, E. J., J. Chem. Soc., 76 (1935). a 

. - Backstrém, H., Naturwiss., 21, 251 (1933). 
4 
h 
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L d wool to have on the whole a higher transmissive power than the 

puev’ tested. Any kind of dyeing decreases the ultraviolet transmission. 
fabri suggested tracing cloth as a substitute for the more expensive 

ut Jasses for use in country cottages, chicken farms, etc. This could 

poet © at the Bureau of Standards. The total ultraviolet of wave- 
% med ; 
e confit diffusely transmitted through a new sample of tracing cloth 
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been described by Maddock 1° for isolating nine of the principal bands .. 
mercury spectrum from 2652 to 5780A, giving transmissions of 7 to 36 Of 
Still others are due to Vaidya,!™ who describes 33 such systems and vives iil C 
mate measurements of the energy transmitted by eight of them. “Pere 

For isolating for Raman studies the mercury triplet at 4358A, Sannié ; 

and Poremski1" use a filter solution containing 5 per cent nitrobenzene andi 500-3100 
per cent rhodamine 5G Extra in ethanol. A thickness of 1 cm. gives teal \ gd ; to about 26 per cent before wetting and 14 per cent after removing the 

sion of 0.001 for the lines 4046 and 4916 and of 0.95 for the desired triplet 1 in F d drying the cloth. Balloon fabric transmits 21, batiste 16, and nain- 

filters for other lines for Raman work have also been described by Amy,i73 q mn fer cent. 
In Raman work, the 4046A line is better absorbed by Noviol A th 

sodium nitrite solution, which is subject to change.17%4 7 
According to Bhagwat and Dhar 1% the ammonia complex of cupric chi : 

is a good filter for the region 4000 to 4590A. Cupric chloride with cobain 
chloride is satisfactory for the lines 2961 and 3248-74A. al 

Mica 16 has occasionally been used as a filter material. Ruby mica ab ; 
the least; in a 0.03 mm. layer the transparency limit is 2900A. In 0.75 mm 4 
3500A. Green species absorb more strongly, as only traces pass through 0.5 7 
layers. Deep-brown Madagascar mica absorbs totally in 0.1 mm. layers.17 ‘7 

Transmission by Clothing. It is of interest to consider the degree to wit 
our clothing prevents access of the ultraviolet to the body. Dozier and Morea ; 
were unable to produce vitamin D in oils by irradiating them through baby fla ‘1 

pongee and crepe de Chine, although artificial silk and meadow lane mater} 
transmitted the active rays. The mean interspace between threads and 4 
weight are the important factors.17? Trotman,18° who used a light sensi 
dyestuff as an indicator of the permeability of the fabric to ultraviolet, was wa 
to detect any transmission even through viscose, cuprammonium, chardonnet - . | a 
celanese rayons. Coblentz, Stair and Schoffstall 181 have made physical measy : : ee Ps ments of the transmission of ultraviolet radiation through various fabrics, Co aS | eel ! 
paring materials having the same weight, practically no difference was found 
the amount transmitted through bleached samples of cotton, linen, viscose sil 
and cellulose acetate silk. Fresh, white natural silk is almost as translucent 

bleached cotton, but wool is only half as transparent. In all cases when ¢ 
fabric is dyed, or slightly yellow with age, the ultraviolet transmission throu 
the thread is greatly decreased. Hence, in comparing dyed fabrics, the one wi 
the largest openings between the threads transmits the most ultraviolet radiatio 

Hirst, King and Lambert 18? found every one of over a hundred fabrics to ¢ 
off a large proportion of the ultraviolet radiation, the weave and texture Dei 
more important than the material of the fiber. For equal thicknesses of materi 

a puystcaAL METHODS FOR IsoLATING LINES oR Wave-LENGTH BANDS 

ong filters employing physical principles is that of Christiansen, 

184 the principle that a suspension of a finely divided solid in a 

only radiations of the wave-length at which the refractive index 

he same as that of the liquid. While such filters have frequently 

_ sed in the visible region, the principle has only recently been extended to 

; ttraviolet.1®° A solution of 56 per cent benzene and 44 per cent ethanol 

taining amorphous silica at 20°C. transmits at 3600A. Such filters are very 

sitive to temperature changes. — Andrews said furnishes details of an apparatus 

separating visible from ultraviolet light, which depends upon the fact that the 

‘thle rays are less refracted by a lens than is the ultraviolet radiation. Figure 

diagrammatically shows the design of the apparatus. A is a source of visible 

Inique am 
h acts on 
id transmits 
re solid is t 

| 
ae YOU " 

Ficure 93. Diagram Showing Principle of Andrew’s Separator. 

ht, also producing ultraviolet rays. B is a quartz lens. D is a thin sheet of 
pierced with a pinhole at C, the diaphragm being so placed that the pinhole 

the exact mean focus of the visible rays. F is a small metal disk and G is a 
en. A front view of the screen is shown at H. The operation of this instru- 
t is based on the fact that the mean focus of the visible light is located at a 
surable distance beyond the mean focus of the invisible rays owing to the 

170 Maddock, A. J., J. Sci. Instruments, 12, 218 (1935). ter refrangibility of the latter over that of the former. If, therefore, the 

os are ty in eo het et ts ; Seaireeeh Assn soi (1935). ; : hragm D is carefully adjusted so as to bring the pinhole C into the exact 

13 Amy, i, ee Sct., 4, 97 (1935) ; Chem. Zone, II, 2848 (1935). 4 on focus of the ultraviolet ae ES Gt the: lattes Ay il fers through the 
1% Biquard, D., Documentat. Sci., 5, 81 (1936); Chem. Abs., 31, 7758 (1937). See, howev pinhole and spread out again on the other side of the diaphragm. The mean 

Bee res ar NR ed Ae Wie)» — locus of the visible light being some distance beyond the pinhole, its rays will 
Bhagwat, W. V., and Dhar, N. R., J. Phys. Chem., 35, 2383, 2391, 2401 (1931). ‘a e largely intercepted by the diaphragm, and through the pinhole only a few of 

he nearly parallel rays of visible light will pass. In operation, if the screen H 
tinge tone W., and Krumpell, O., Strahlentherapie, 35, 387 (1930); Takagi, T., Ibid., 40, 1 

Smade of non-fluorescent material, there will appear on it only the small illumi- 177 Finkelnburg, W., Naturwiss, 14, 919 (1926). 

178 Dozier, C. C., and Morgan, H., Am. J. Physiol., 84, 603 (1928). 5 

17 Morgan, H., Am. J. Physiol., 86, 32 (1928). a “Young, C. H., Nature, 123, 47 (1929). 
180 Trotman, S. R., Textile Recorder, 47, 63 (1929); Chem. Abs., 23, 2297 (1929). a ™See Holst, G., Z. wiss. Phot., 36, 145 (1937); Brit. Chem. Abs., B, 479 (1937). 
181 Coblentz, W. W., Stair, R., and Schoffstall, C. W., Bur. Standards.J. Research, 1, 105 (194 Kohn, H., and v. Fragstein, K., Physik. Z., 33, 929 (1932); Ahier, G., Compt. rend., 205, 37 
182 Hirst, H. R., King, P. E., and Lambert, P. N., J. Soc. Dyers Colourists, 44, 109 (192 fo). 

Chem. Abs., 22, 2061 (1928); Eccles, J., Silk J., 7, 37 (1931). 7 kg ™ Andrews, W. S., Gen. Electric Review, 817 (1917). 
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nated spot K, but if it be coated with a fluorescent substance, such as 
willemite, this small luminous spot will be surrounded by a disk of bright , 
light produced by the fluorescence of the willemite excited by the circular fi ‘ 
invisible ultraviolet rays. Should it be found desirable to cut out the i. 

visible light, the small metal disk F can be set up in such a position as : " 
its shadow over the spot K and so transform it from a bright spot to a da > ¢ 
leaving the disk of green fluorescent light otherwise unchanged. eg 

The method has been extended by Terenin1®" to the separation of va 
ultraviolet regions. Forbes, Heidt and Spooner 188 prefer it to the moni 
mator for the aluminum lines around 1940A and the zinc lines near 2030-2914 

Another way of getting a monochromatic radiation is to employ the i 
' given out by cold mercury vapor when transversely illuminated by a me q 
vapor arc. ‘This radiation is about one-fortieth as intense as the 2537, La 

the original source, but offers some possibilities for photochemical work,189 vy 
low voltage arcs also deliver monochromatic radiation in the resonance lines 
this radiation is of low intensity.19° 4 

By far the most generally used optical method employs a prism monochrom y 
Light from the source passes through a slit to a prism (a collimating lens m 4 
added). and after passing a lens emerges through an exit slit, which is na 
enough to exclude all but the desired wave-length region. This slit is also \ 
able so that any desired wave-length range may be isolated. Any such instry 4 
must, however, represent a compromise between monochromatic purity and 1, 
of intensity. For greater intensities, monochromators are best employed. a 
the constricted mercury arc as source. Details are to be found in the catala 
of instrument makers or in textbooks on optical instruments. Many photoche i 
design and build their own monochromators; valuable suggestions regarding a 
instruments and the optical losses they involve have been given by Forbes 
Details have been given by Heidt and Daniels 19? regarding laboratory-built ingil 
ments and by Kurtz 19 regarding’ a commercial type. Reflection losses in 
Hilger monochromator have been studied by Ridyard and Style.19 Granath: 
calculates that in the Hilger E 31 quartz spectrograph, the absorption at 186( 
by the quartz is 50 per cent and by the air 17 per cent. At 1900A, the values a 
31 per cent and 3 per cent, at 2000A, 23 per cent and 1 per cent and at 2100 
16 per cent and 0.5 per cent, respectively. Forsythe and Barnes 19% have describ 
a quartz monochromator especially intended for studying the intensity of 
radiation in the ultraviolet spectrum from various sources.197 

le 
a 

5 

Chapter 11 

‘he Sun as a Source of Ultraviolet Radiations 
f 
i 

on of filters in the preceding chapter paves the way for a con- 
1€ ¢ the amount and quality of the ultraviolet energy available on the 
ation " ce, since a large portion of the energy emitted by the sun is absorbed 

me . atmosphere. Only about 70 to 78 per cent of the sun’s total radiant 
e rr all wave-lengths which strikes the upper atmosphere gets through to 

5) Perien the sun is at the zenith and the air is free from dust and clouds.? 

physical evidence indicates that the past billion years is only a small 

ge a period since the sun began to shine. In the past billion years, 

Be itted 1.20 X 10®9 ergs of energy (3.79 x 1083 ergs per second times 10" 

Eds per year * 109 years). This is more than three billion billion billion 

ss kilowatt-hours. Expressed per gram of the sun’s mass (1.983 x 1088 grams ), 

‘“adiation per year is 6.05 x 10% ergs (1.44 calories) ; in a billion years at this 

Bie radiation has amounted to 6.05 x 1016 ergs per gram, a lower limit. ; 

7 is believed that the whole ball of the sun is composed of hot gases, increasing 

rd in temperature and density. We see only the surface layer of gases— 

. down to where the density is a thousandth part of an atmosphere. ‘This 

le skin—-photosphere—contains only as much mass as would a layer of a 

w feet of atmospheric air around the sun, far too little to produce the intense 

ergy radiation. This must, therefore, be produced below the photosphere and 

yw toward the surface, which itself has a temperature of about 6000°K. 

M any suggestions have been made as to the nature of the processes producing 

is energy; most of those based upon processes experimentally familiar have 

een found quantitatively inadequate. Recently, astronomers such as Eddington, 

e adopted the principle of Einstein that mass is in some way equivalent to 

and have built upon this models to describe the solar, or more generally, 

radiation processes. ; . eat kan 
“This principle states that a loss of m units of mass corresponds to the libera- 

187 Terenin, A., Z. Physik, 31, 33 (1925). tion of mc? units of energy, where c is the velocity of light. This constitutional 

188 Forbes, G. S., Heidt, L. J., and Spooner, L. W., Rev. Sci. Instruments, 5, 253 (1934). nergy is 8.991020 ergs per gram, about 15,000 times the estimated radiation 
ne Wood, R. W., Physik. Z., 13, 353 (1912); Cario, G., and Franck, J., Z..Physik, 17, 205 (1923 gram. of the sun’s mass during the past billion years. The Einstein principle 

Foote, P. D., and Meggers, W. F., Bur. Standards Bull., 16, 317 (1920). _ ._ ae . 4 ; : 
11 Forbes, G. S., J. Phys. Chem., 32, 496 (1928). a le equivalence of energy and mass would imply that the sun is losing 4,660,000 

>a Heidt, L. Jo and Daniels, F, J. Am. Chem. Soc 54, 2384 (1932); see also Benton as energy per second, the earth receiving four pounds and three ounces as 
. Opt. Soc. Am., 26, | a nergy per second. | 198 Kurtz, H. F., J. Opt. Soc. Am., 13, 495 (1926); see also Villars, D. S., J. Am. Chem. So Be Gddineton’s theory, the. material throughout the sun is in the state of a 

early perfect gas, the density increasing toward the center at such a rate that 
49, 326 (1927). 

it the center it is about 54 times the mean density (1.41 grams per cubic centi- | 

; § discuss! 
rit 

2 . 

: iD 

194 Ridyard, H. N., and Style, D. W. G., J. Phys. Chem., 32, 861 (1928). 

19 Granath, L. P., Phys. Rev., 34, 1045 (1929). 

196 Forsythe, W. E., and Barnes, B. T., Rev. Sci. Instruments, 1, 569 (1930). , . 
197 See also Fortrat, R., Rev. optique, 16, 386 (1937); Pelton, M. O., J. Sci ts, 15, 1 

(1938) ; Perry, J. W., Proc. Phys. Soc. (London), 50> "265 (1938). fe eae. inn 
_ 1 Stewart, J. Q., LJ. Frank. Inst., 204, 438 (1927)] has given an interesting general account of ‘the 
heories of the origin of stellar energy, from which much of the information in these paragraphs 
as been derived. *Discussion by Eddington, A. S., Nature, 117, Supplement to May 1 (1926); see, however, 

ir J., Nature, 117, 689 (1926); Menzel, D. H., Science, 65, 431 (1927); Nernst, W., J. Frank. 206,135 (1928). ‘See also, Landau, L., Compt. rend. acad. sci. U.R.S.S., 17, 305 (1937); 
um. Abs., 32, 2426 (1938). 

; 191 



. 

i 5 
192. | LHE CHEMICAL ACTION OF ULTRAVIOLET RAYS a g SUN AS A SOURCE OF ULTRAVIOLET RADIATIONS 193 

ie 

E + is only one part in a thousand.8 During the stratosphere flight of 

of . II to 72,395 feet, the total ultraviolet increased not over 4 per cent. 

xplorer tandpoint of the biologist, the absorption of radiations of the shorter 

om the 2 by the atmosphere is of the greatest importance. It is shown in 
Be chat ultraviolet rays shorter than about 2950A are lethal to bacteria 

ter 3 tive to living cells. Life, as we know it, could not exist on the earth 

4 : tion of these shorter rays ‘in the atmosphere did not occur. 

es crefore, interesting to determine which component of the atmosphere 

Both oxygen and nitrogen absorb strongly only rays of very — 

- chorter wave-length (1850A and less than 1250A, respectively). Accurate 

. bie absorption by oxygen in the region 1850 to 2300A have been deter- 

# Granath.° Earlier important observations were due to Fabry and 

“31 Ladenburg and Lehmann,!? and Hallwachs.’* That the absorbing 

i + bactericidal radiations is ozone has been known for many years, 

ey having been credited with first suggesting it1* The origin of ozone in 

upper atmosphere is still, however, an unsolved problem, despite a consider- 

~. amount of work.15 According to Fabry,!® a thickness of ozone of about 

4m. at normal temperature and pressure would account for the observed 

sorption. This was calculated from absorption measurements of known con- 

atrations Of ozone and of varying thicknesses of the absorbing layer of the 

4h’s atmosphere. Subsequently, a number of papers have been devoted to the 

stribution of ozone in the atmosphere. 

Probably the best opportunity for accurate studies was afforded by the strato- 

nere flights of the Explorers I and II. These indicated little ozone up to 

7000 feet. Above this, the concentration of ozone increased rather rapidly and 

72,000 feet nearly 25 per cent of the total quantity of ozone lay below the level 

£ the balloon. In the summer flight of 1934, the ozone was equivalent to 2.5 mm. 

4 

meter). This would make the central density more than three times t a 
that of platinum. .The gas at the center of the model sun is assumed to hot t 
a pressure of more than a billion atmospheres and at a temperature “a 
million degrees K. At such temperatures, it is believed that the shells 
are torn off from the atoms, leaving them stripped so that the ke 
remain are small enough for the gas to behave as such despite its 

Although considerations such as these are highly speculative, th 
to afford some conception of the nature of the problems involved. 

In the spectra of the sun about 60 elements have been identified3 Ris 
has surveyed and discussed the evidence regarding the relative abundane "SSE 
elements in the sun’s atmosphere. Sodium, magnesium, silicon, potassium ‘ om 
and iron form 95 per cent of the whole mass. Elements of even atomic. Calej 
are ten times as abundant as those of odd atomic numbers. The met La 
sodium to zinc are far more common than any others. Compounds i fr 

only in small amounts, cyanogen being rarer than scandium. The presences 
boron and phosphorus has been much discussed. The estimated tempesailil 
the reversing layer is 5600° and the pressure at its base is 0.005 atmosphall 
appears to contain 60 parts of hydrogen (by volume), two of helium i. | 

oxygen, one part of metallic vapor and 0.8 of free electrons. The temper a 
the sun spots is close to 4900° absolute.5 _ 

Effects of the Earth’s Atmosphere on Solar Radiation. Most of the ls 
which have been studied in deriving information on solar radiation haw . 
located in the infrared and visible regions. Only a small part of the ultra a 
adjacent to the visible has been included. This is because the earth’s atmoeil 

absorbs the shorter ultraviolet radiations; according to Lyman, the physicist a 4 
found the spectrum of the sun to terminate quite abruptly at about 3000A a 
knowledge of the actual ultraviolet output of the sun, or of the amount of ‘ull 
violet energy: which reaches the outer layers of the earth’s atmosphere is therefi 
limited because of absorption of ultraviolet within the atmosphere. Tt has Be 
necessary to depend upon indirect methods, such as a consideration of the nagi 
of the absorbing substance or substances and their distribution in the atmosp d 
in drawing conclusions as to the probable amounts of ultraviolet reaching t 
outer atmosphere. The most extensive estimates of the energy distribution outs) 
the atmosphere have been made by Abbot ® for the region 4000A, and by ‘Faby 
and Buisson for shorter wave-lengths.?7 The way in which this energy distribu 
tion is computed is about as follows: A series of observations is made of th 
normal incident energy ‘at various times throughout the day. At these different 
times the Tays pass through different lengths (or masses) of atmosphere. 4 
vertical path gives an “air mass” of one. For variations from the vertical, th 
“air mass” varies as the secant of the angle. By graphical methods, it is possibl 
to obtain from a series of intensity observations with different “air masses” a 
extrapolated value for an “air mass” of zero which represents the sun’s energy} 
before it is filtered by the atmosphere. Thus at 3100A the transmission for ai 
mass” of 1 is 0.1, and for “air mass” of 2, 0.01 (8 A.M, or 4 P.M.) and at “ai 

of nearly 
OF elects 
Tels wh 

high deng: 

“Y may a 

-f ‘ ye ) 

; Pres »ponent fo 

J 

ed in the November flight of 1935 to 1.9 mm.!7 
Nitric acid occurs in the atmosphere, more at high than at low altitudes.1§ 

+ has been suggested that the nitrates and nitrites present in the atmosphere are 

ferived from the photochemical oxidation of ammonia.1® Vorlander and Gohdes *° 

fnd moist air to contain oxides of nitrogen to the extent of 15-30 x 10-© gm. per 

8 Gordon, N. T., and Benford, F., Gen. Electric Review, 33, 283 (1930). 

“9Tecle, R. P., National Geographic Society, Stratosphere Series, No. 2, 133 (1936). 

10 Granath, L. P., Phys. Rev., 34, 1045 (1929). 

_ “Fabry; C., and Buisson, H., Compt. rend., 156, 782 (1913). 
-2QLadenburg, E., and Lehmann, E., Ber. deutsche phystk. Ges., 4, 125 (1906). 

_ #Hallwachs, W., Ann. Physik, 30, 602 (1909). | 
“Hartley, W. N., J. Chem. Phys., 111 (1881), cited by O’Brien, B., National Geographic Society, 
Stratosphere Series, No. 2, 49 (1936). For recent observations, Dejardin, G., and Arnulf, A., Compt. 
vend., 205, 1000 (1937); Vassy, E., Ann. phys., 8, 679 (1937). 

Rayleigh, Lord, Science, 70, 83 (1929); Rosseland, S., Nature, 123, 761 (1929); Angstrém, A,, 
Gerland’s Beitr. z. Geophysik, 21, 2, 145 (1929); Dobson, G. M. B., Harrison, D. N., and Law- 
tence, J., Proc. Roy. Soc., 114A, 521 (1927); Dauvillier, A., Compt. rend. 197, 1339 (1933); Barbier, D., 
Chalonge, D., and Vassy, E., Compt. rend., 201, 787 (1935); Fowle, F. E., J. Terrestrial Magnetism 
and Atm. Elec., 33, 151 (1928); Dobson, G. M. B., Kimball, H., and Kidson, E., Proc. Roy. Soc., 129A, 
Au (1930); Wulf, O. R., Phil. Mag., 17, 251 (1934); J. Opt. Soc. Am., 25, 231 (1935); Harteck, P.. 
Naturwiss., 19, 858 (1931); Mecke, R., Z. physik. Chem. Bodenstein Festschrift, 329. (1931); Saha, 

ot ee MN, Proc. Roy. Soc. A160, 155 (1937). 
t. John, C. E., Proc. Nat. Acad. Sci., 15, 789 (1929); - Di i Meewabry, C., J. ; } : ‘ tg oe } - shapicie “Sunt neinesdapedin Britleniaa Wc fi 29); Astrophys. J., 70, 160 (1930); Dingle, j (1926), ry, C., J. Math. Physics, 4, 1 (1925); Cabannes, J., and Dufay, J., J. Phys. Radium, 7, 257 

“Russell, H. N., Astrophys. J., 70, 11 (1929). 4 
5 Richardson, R. S., Astrophys. J., 73, 216 (1931). . 
‘6 Abbot, C. Ges pecinaniey Miscellaneous Collections, 74, 15 (1923); Annals Astrophysical Obsé 

; "O’Brien, B., National Geographic Society, Stratosphere Series, No. 2 (1936). Compare Regener, 
" t1., Z. Physik, 109, 642 (1938). A recent theoretical calculation of the vertical distribution of 
ne is due to Wulf, O. R., and Deming, L. S., Terr. Mag., 41, 299 (1936). 

_*Rao, G. G., and Dhar, N. R., Z. anorg. allgem. Chem., 199, 422 (1931). 
4b, 2% G. G., Bull, Acad. Sci., United Provinces Agra Oudh Allahabad, India, 1, 82 (1931); Chem. 
495,, 26, 5849 (1932). 

—*Vorlander, D., and -Gohdes, W., Ber., 64B, 1776 (1931). 

vatory, 2, 112 (190 
7 Fabry, C., and Buisson, H., Compt. rend., 175, 156 (1922); Astrophys. J., 54, 297 (1921). 
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cubic meter of NoQOs. 

hundred times. Ammonia may be decomposed into nitrogen and hydr ) 
ciesap hanes sommaldehyde may also be present in air since it may te dl : a ay ith seasonal, 

eet) : me e amount therein is not increased by lightning, but js ‘ee Be sieved that radiations less 

en the rainfall has been preceded by some sunny days. Dhar and Ra _ 4 yg , gorper cent igtiee enerety “ao m2. ; cent ( rated the limit as 2900A or 2845A. 
gest that formaldehyde may be produced from carbon dioxide and water 

er 
radiation of wave-length 2550A, at altitude -e thi iati , s where this radiati 
absorbed by the ozone layer. | on has not aly b Alps has 

Suspended ultramicroscopi i ne q emb 
pic particles, partly consisting of ammoni : @ 

: . lum it I Buisson 
and nitrate and sodium chloride and perchlorate, cause a scattering of radial d . earth’s suria 

10) hes 

ioe at altitudes above those where rain exerts a cleansing effect. Duca. 
elieves that this may play some part in causing the disappearance of a 

spectrum beyond the ozone bands, and that absorption by oxygen in ia “" 
¥ Sn 

wave region may not wholly account for it. 

3100 

PG as 

PEPER EEE EEE EEE EEE Iepblentz and Kabler ® 
lee STAN Tel tr Va ae eh fr inc 3 

; 
mia'A valar incidence vari 

at isin aN lo laa ee Fee pote Tanuary at Washington to 1.5 in May and September. 

°¢ \ 

1 ii 

= dod dord abiia [eb tain ie blishod ensity for t 

SS ERIER Wd osipammnoembhary cor sti inute 
S i g ntimeter per mint. 

HEE EE ANH Poa cl es el ceib | ‘ yaries from 0.77 gram calories per 

See Tina HERR IKEEE EE EEE ouds nearly in line with the sun, but not 

te Ess ie aiisueiabee im Fed y about 0.15 gram calories. 

Aa Dee UNC A ee ive received normal to » 
He - veter22 Of the total radiation, 

yo ae PEC 
ith wave-lengths less than 388 

Jan. Feb. Mor April May June July BEARURS YU: el ind 
} € in the case of the qu 

Fricure 94. Prof. Winchester’s Limit of Bla i : ( ckening on Photographi Not 
awe . che Brunswick (N. J.) _for Different Seasons of this Vicar (ora 

istison, General. Electric Review). The vertical line above each conti deno' 
xX = Points plotted from data in pag its beginning. O = Winchester’s valu . mk es, 

of Forsythe and Christison. © = Two calculated points. 

Limits of the S olar Spectrum. Comparatively few workers have been in 

ested in determining the long wave region at which solar radiation first ent 
to the earth. Adel, Slipher and Barker ?* place it at 13.5u and attrib a 
to vibration spectra of carbon dioxide and to a lesser extent to ozone cl 
17 there is also absorption by water vapor, the effect of which is aid observe 

10-12y, have high transparency. This radiation in the aa Low 
insignificant in amount; Coblentz and Kahler 26 have stated that but jittte radial 

of wave-lengths greater than 2m is transmitted by the earth’s atmosphere ( 
some days the infrared energy component from about 2 to 3u to the limit a { 

in the red region of the visible, according to Beletskii.25 

visible may be larger than the visible component. 

21 Matignon, C., Chimie et Industrie, Special No. 328, September, 1925 

Irradiation with ultraviolet increases this from 4, 
en t 

Beyo: 

On clear days the two cof 
ponents may be about equal or the visible one may exceed the infrared. 

vz 

Zs 
e 
‘sg 

' 

e have b een many determinations of i ' 

ims 

1€: 

ps been widely quo 

ae value the intensity is small. 

q e 94) showing the wave 

the blackening © 

ir. i 
. he yea 

u, but his value of 3000A holds fairly well. 

altitudinal and other influences. © Coblentz ‘and 

than 3000A, if present, amount to less .than 
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the short-wave length limit since 

The exact value 

of the total ultraviolet component. 

Its variation at Davos in the 

ors ted.27 From December to February, it was 3120A, 

4 to November, 3080A, March to May, 3010A, June to August, 2962A.78 

. 29 showed that the amount of energy of wave-length 2900A that 

ce is only one-millionth that for 3140A, and even for the 

Winchester has given an experimental curve 

-length limit at New Brunswick, N. J., as detected 

f photographic plates exposed to the north sky at various times 

he shortest wave-length found was 2968A on June 1.°° 

¥ | 

a AMOUNTS AND DISTRIBUTION OF SOLAR ULTRAVIOLET 

83 found that the upper limit of the total 
4 

icrowatts per square centimeter, with a 

_ *Cited by Price, W. A., Ind. Eng. Chem., 18, 679 

_ ® Cited by Forsythe, W. E., and Christison, F., Ge 

8 Curve reproduced by Forsythe, 
& 

 ®Gordon, N. T., and Benford, F., Gen. Elec. Rev., 

state that the maximum normal solar radiation at perpen- 

es from 1.37 gram calories per minute per square centimeter 

The average seasonal 

hree hours at noon may be taken as 1.2 gram calories per square 

The total radiation on a horizontal surface, with a clear 

minute in December to 1.55 in June. 

obscuring it, increase the radiation 

Otherwise expressed, the maximum radiation that 

he incident energy is 106 milliwatts per square centi- 

only one or two per cent is in the ultraviolet 

9A and more usually may be about half this, 

artz mercury arc it may be 30 per cent. Coblentz and 

ultraviolet radiation of wave-lengths 

<¢ than 3100A is less than 0.004 gram calories per square centimeter per minute 

d 0.3 per cent of the total incident radiation or approxi- 

Recently, Coblentz believed this 

microwatts per square centimeter.*4 

kiesh 25 concludes that the best midsummer sunlight supplies not less than 

probable value of 40 microwatts per 

square centimeter, of ultraviolet energy shorter than 3100A. | 

_ With the growing appreciation of the rickets-preventing value of the radia- 

tions between about 3150 and 2900A, there have appeared a great number. of 

studies of the intensity of the available energy in this region and its seasonal, 

meteorological, altitudinal and other variations.26 Especial attention has beén 

a % Coblentz, W. W., and Kahler, H., Sci. Papers Bur. Standards, No. 378 (1920). . 

ey’ Dorno, C., Strahlentherapie, 31, 341 (1929); Kiepenhauer, K. O., Naturwiss., 25, 669 (1937). 

(1926). 

n. Elec. Rev., 32, 664 (1929). 

W. E., and Christison, F., Gen. Elec. Rev., 32, 667 (1929). 

_™Coblentz, W. W., and Kahler, H., Sci. Paper 378, U. S. Bureau of Standards, 1920. 

33, 283 (1930). 

\ %Coblentz, W. W., and Stair, R., Bureau Standards J. Res., 3, 629 (1929). 

_ *Coblentz, W. W., Trans. Illum. Eng. S0C.5 26, 574 (1931). 

ee N. R., and Ram, A., Nature, 132, 819 (1933). 

Spas J., J. phys. Radium, 4, 625 (1933). 

oe. i le V. M., and Barker, E. F., Phys. Rev., 47, 251, 580 (1935). 

eletskii, F. A., Zhur. Geofiz., 6, 64 (1936); Chem. <Abs., 31, 3383 (1937). 

_ ®Luckiesh, M., d, 1920, cited by Coblentz, W. W.; see also 
7 “Artificial Sunlight,” Van_Nostran 

Forsythe, W. E., and Christison, F., J. Opt. Soc. Am., 20, 396 (1930). 

P Hill, G. L., Proc. Roy. Soc., 102B, 119 (1927). 
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devoted to the effects of dust _and smoke in lowering the biologically . : 
rays.27 Ashworth 38 considers the effects of winds from towns. alua 

Forsythe and Christison 39 calculated from Abbot’s data on the distribyy } 
energy in solar radiations, curves of the transmission of the atmospheres 
several wave-length regions, giving the per cents of total radia and ii 
amounts in milliwatts per square centimeter at Cleveland, Ohio for a horigal 

: 4000 ; 

WAVELENGTH (ANGSTROMS) 

it 
i 

suriace, i.e., corrected for the sun’s distance from the zenith (Table 17 es ae uw : CHAE 

Table 17.—Transmission of Ultraviolet Rays by Atmosphere, S SN 4+ 
1.07 Atmosphere 1.5 Atmosphere 2.37 Atmo q a | RP een aes 1 Atmosphere June 21 Feb. 15 Phere : Bases Region oa. Mbiiliqratts » Mill * Milli De: 2 2 ASR eeee g % | %  Milliwatts %o Milliwatts % Milliwar .-; Cassese 

0.31-0.29% = = 0.022 0.024 0.019 0.020 0.0063 0.0061 0.00051 0.0004 meee | i /L Ssh porue iy te Gt te Ga gu a a PCA elow 0. ; , F : : : i 0.22 — 0.2 Ba /i_{.. Below 0.40 3.9 4.22 3.8 3.97 2.8 Zs | rong eee) dye gee aes (ie 3c EEE EEE 
Total 107.0 104.5 96.1 802 ey, PCE 

7 , ee 2. Pimms tee ee. s 7 be noted that these are calculated values, rather than the direct results of acti 
measurements. The values are in fair agreement with similar calculations } 
Holladay #° based upon the assumption that the sun radiates as a black body g 
6000°K. The paper of Forsythe and Christison also contains theoretical cyrye 
showing the variation of energy below 3250 and below 3100A per square cent 
meter at Cleveland at various times of day during the winter and summer of 

® & 8 9° ° 

Transmission Factors of Earth’s Atmosphere (Forsythe 

Boone 96. and Christison, General Electric Review). 

oths in the ultraviolet requires expensive equipment and skill, and compara- 
le 3000A, the data stices and the spring and fall equinoxes. There is also given a curve for th ively few BE ee orscr Sia a Sri cee tee AE nee | ; are of somewhat low : bot are combined in one : a... ta of Fabry and Buisson and of Abbot a 

és ee etee ie oe alee ahaa ans Fr 95 ee the cession of ae atmosphere. (Figure 96.) For this reason more " . IGURE 95, an *ati desirable. 
CCC AH Ultraviolet Energy Below 3100A direct — = from the Sun Falling upon | 
eee Square Centimeter of the Eart 's > Seeeeeeeens : Surface per Second for the L ti 
ogee fie nS ONY SS /Ser | SEP ide be Cleveland, Ohio, at Differ sj BERET eL 2 Ce ae ee ie ent Times of the Year for 12 Noon - (lel cl Dee wee V4 gs kd AS a Dc ns cs aed a The vertical line above each month 00 onal ee ey a He Ape tp te eae ates denotes its beginning (Forsythe and © 8 a0 hee] of Le] th z Oi Ae ie Sea wie Christison, General Electric Re- i oe ttt ttt 00 

VIEW). | S a 

wits ese | Seen eee 
LT aos YW 

variation of intensity of wave-lengths less than 3100A at noon throughout the N Pitty "D year at Cleveland (Figure 95). They concluded it doubtful if any energy in this ao3 EDGES AG V4 region is received from the sun in winter at or near a city where the dust and bs tea Dae, 4 ues smoke are quite thick. The making of intensity measurements at various wave- 00) rebel 0 
oon H. N., Lemon, H. B., Falk, I. S., and Coade, E. N., J. Am. Med. Assn., 89, 187 Lo $60 30 7 a 

= 8 Ashworth, J. R., Dept. Sci. Ind. Research, 20th Rept. Investigations of Air Pollution (England), WAVELENGTH (ANGSTRO 5) 

59 (1935); Chem. Abs., 29, 5560 (1935). 
desi W. F., and Christison, F., Gen. Elec. Rev., 32, 664 (1929); J. Opt. Soc. Am., 20, 401 

Ficure 97. Transmission of Atmosphere for Erythema Radiation at Noon, Latitude 
40 Holladay, L. L., J. Opt. Soc. Am., 17, 329 (1928). 5 

of Schenectady, N. Y. (Gordon and Benford, General Electric Review). 
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Gordon and Benford 41 give calculated curves (Figure 97) for the atm Table 18—Transmission of Ultraviolet Rays. 

transmission of radiations of wave-lengths 2900 to 3130A for the “gi; 
corresponding to various times of the year. The data of Fabry and Buy; 

_ ' . 

t 
4 

Osph. 
% Noon sunshine intensities (watts 10-7 per sq. mm.) 

S sor Non-penetrating Penetrating 
j vie 4 ces | ; ed and Non- trating 

air mass of 1 were employed, and the transmissions were calculated for the | Antirachitic ultraviolet and red and near ineeared 

tude of Schenectady. It is evident that the transmission of the biologically eft 4 2900-3100A 3100-6500A 6500-14,000A 14,000-120, 

tive rays becomes almost negligible in December as compared with the values Bid Lake,, Bie D204 : 3660 1760 

June. These values are also based upon the assumption of cloudless skies, 56 4 er, 19 1929 23 3404 3786 1834 

the actual values are much smaller in winter months when dark days oral ae 1929 0.49 2440 3720 | 1615 

These values neglect radiation reflected by clouds and scattered by the blue g a Ee eo ict 1360 
and radiation received from the sky, which has been estimated to be from 4 vember, 1928 Ee ae AGRG r11 

‘ ¢ Be 030 14 3300 4565 1915 

Pee See fewlight"* = 1 op ab pa 
SPECTIRAL ENERGY DISTRIBUTION CURVE 

2 Noo 
x SUMMER | 

cr ay 
“ie jg the preferred heliotherapy dosage in these institutions corresponding to 

- Pring and late afternoon in summer and noon in winter. 

a 

scattering. He found on a clear day at Pasadena that the intensity 

-e ultraviolet radiation from the sky was 11 units as compared with 22 units 
* sun plus the sky or 50 per cent of the total. But at Mt. Wilson, the sky 
Minted only 30 per cent of the total (7 units out of 7 a 
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Ficure 98. Energy Distribution Curve, Sunlight at Cragmor and Springfield Lake. . 

(Greider and Downes, Transactions Illuminating Engineering Society). J 
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quarter to three-quarters of the amount of direct radiation received from the su 
Regarding this, however, definite statements can scarcely be made. Coblentz,’ 
by using a thermocouple and diaphragms subtending an angle of 45 degrees ¢ 
the sky, found in winter at Washington (low humidity) less than 7 per cent ¢ 

ultraviolet sky radiation in the total directly incident ultraviolet measured. On 

hazy day with high humidity, the ultraviolet sky radiation was 10 per cent of th 

total incident ultraviolet radiation from the sun. Pettit *® studied the effect 0 

: 
= 
a 

Ose 
“Ee 

Le) 
Q 

e 
: B 5 
Z 41 Gordon, N. T., and Piston, F., Gen. Elec. Rev., 33, 283 (1930). For a recent theoretice 

treatment of data from the Smithsonian observatory at Montezuma, see Kiu, T., J. phys. radium, = 

297 (1938). ; 

42 Coblentz, W. W., Trans. Illum. Eng. Soc., 26, 576 (1931). 

43\Pettit, E., Trans. Nat. Tuberculosis Assn. 24th Ann. Meeting, 110 (1928), cited by Cob: 

lentz, W. W. \ 

Ficurr 99. Solar Radiation and Altitude of the Sun, Springfield Lake, Ohio. 

_ (Greider and Downes, Transactions Illuminating Engineering S ociety). 
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It is well known
 that the north sky is richer in ultraviolet than is g 

§ 

‘ : : ; ase : irec¢ locati d time desired and the intensity 
light, but 4 the intensity of light falling in winter at noon on a north a Te ee eee hdl ceil wen: of the su 

. Windg : from the curves. At the spring and fall equinox the altitude 
only about 300 foot-candles as compared with 1100 on a south wind NO © te read iro : of ; . 

= Ow, Cli 4 . 

Greider and Downes * reported direct energy measurements at Spri - at noon is a acs energies He a pandas a 

Lake’ Sanatorium in Ohio (representative of low altitude locations in thig loal e4 or decreased by oak -uNbTa ane : 

and at Cragmoor Sanitorium in Colorado (“mountain sun’). Figure 08 Bon, the altitude 1s g y q 

the noonday values for winter and summer at these locations. The daa sin h=sin ¢ sin 5+.cos ¢ cos 6 cos ¢ 

summarized in Table 18. Here it is apparent that the variation between a 

and winter is less than one to five in the region 2900 to 3100A, which jg ‘a 

than. might be expected from the calculated curves of Gordon and Benforg 

tude of the sun, ¢ its declination, $ the latitude of the place of A, ° 

, pis the alti ch : ° 
| he hour angle, which is approximately 15° for each hour before 

‘ation, andi 
t 

er moot. | aati nh results can of course be only approximations, as they take no account of 

Me. atmospheric pollution with dust or smoke, or the cleansing effect of 

S Coblentz 46 mentions the pronounced effect of dense low-lying strata of 
- Bed particles from automobile exhausts. The influence of a peak in 

jobile traffic can be detected in the amount of ultraviolet reaching the earth. 

entz made photoelectric cell measurements, using a standard screen of barium 

slass. The component of radiation 3130 to 4000A relative to the total ultra- 
+ 2900 to AQOOA measured in June sunlight at sea-level was as follows: direct 
cht, 75 per cent; overcast sky during a light rain (the diaphragmed opening 

Bent of the photoelectric. cell subtended 18 degrees), 60 per cent; light over- 

sky, 50 per cent; blue sky, 55 per cent; dark cloud, 64 per cent; within the 

ratory, 4.9 meters from an open window, light from dark clouds through trees, 

65 per cent. The difference between these values and 100 per cent is a measure 

he component 2900 to 3130A. 

The Rentschler ultraviolet meter was employed by Meller, Hibben and Warga 

1 series of observations on the roof of a nine-story building in Pittsburgh. 

= cathode was mechanically rotated so as to be normal to the sun’s rays. A 

5 inghouse watthour demand meter recorded the results; each line on the 

+ of the meter, representing the number of impulses in five minutes, is pro- 

6: 
Tr 

=* 5 46 

5 Intensity of Ultraviolet Radiation o 
22 r December 30, 1930. A. Sun and é 

Z B. Sky (Kunerth and Miller, ke 
2 ran sactions Illuminating Engineer- & 

= 9g Society). | # 

Ficure 100. Solar Radiation and Altitude of Sun, Cragmor, Colorado. (Greid : : ——— 
6 70 e 

and Downes, Transactions Illuminating Engineering Society). ) viel Dep 

q . 

Greider and Downes have also plotted (Figures 99 and 100), for the | 

locations, curves of the intensities within the wave-length regions of the t 

as affected by the altitude of the sun at various hours of the day. These cul 

can be used to determine the average intensity of the sun at any location at W: 

the transmission of the air is similar to that at either of the locations studied. 

rtional in length to the amount of ultraviolet received at the photo-cell in that 
tod. Records showing the comparative amounts of ultraviolet for an entire 
J were obtained in this manner. The intermittent obscuring effects of clouds 
es noke were readily apparent. Slightly more ultraviolet was recorded on a 

| y having scattered clouds than on a relatively clear day with slightly lower 
ett Kimbal | H. H.-and. Hand, I. ¥.,. Monthly Weather. Revs-30, 1615 . (1922, an by Y. Even on a clear day there was a 100 per cent change in ultraviolet 

i 

45 Greider, C. E., and Downes, A. C., Trans. Illum. Eng. Soc., 25, 378 (1930); 26, 561 (1931) “Coblentz, W. W., Trans. Illum. Eng. Soc., 26, 572 (1931). 
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received in a period of 15 or 20 minutes. For comparison, the zinc sulfa 

oxalic acid methods were also employed, but exact comparisons could not he 
as the amounts of sky exposure and the sensitivity curves differed in the ." 
as employed. Meller and Warga 4” studied the effects of air contaminants , 
natural light of cities. Similar data were obtained by Kunerth and Milley 4g. 
the Rentschler meter without the aid of a graphical recorder at Ames | 
Again the units are arbitrary, merely the number of impulses per. second, _ 
curves, Figures 101 and 102, show the ultraviolet in the sun and sky lioht : 

Ficure 102. | . 4, 

& Intensity of Ultraviolet Raa 
AR) ad) 

S for June 23, 1931. A. Sun ang 
ae B. Sky (Kunerth and Miller, T 
a actions Illuminating Engineer, a 

- ciety). 4 
. 

+ 6 8 so 2 2 $ 6 8 a 
77me oF Da ry. 

i 

the latter alone during the course of days in December and June. The g 
from the north half of the sky at noon is approximately equal to one-fifth € 
total from sun and sky combined. The variation of sky and sun ultraviolet 
altitude of the sun and with month of the year are given in tables. The pre 
of snow on the ground increases the ultraviolet from sun and sky by abo, 
per cent. From the data obtained by the meter exposed to sources other 
calibrated, it appeared that each impulse of the meter was equal to about 3 
ergs or 3000 ergs per square centimeter. These authors also presented curve 
the visible region from the sun and sky and from the latter alone. The total 
on a horizontal plane throughout the year at latitude 42°N if all days are cle 
16,820,000 lumen-hours per square foot, of which 11,870,000 are receive 
spring and summer and 4,950,000 in autumn and winter. At noon at the w 
solstice, the light from the sky is approximately 16 per cent of the total; a 
summer solstice, it is 10 per cent. | 7 

At New Orleans, the average daily amount of direct solar radiation of w 
lengths less than 3130A is less than 0.001 calorie per square centimeter : 
April to October and between 0.001 and 0.002 during the rest of the year. 
the prevention of leg weakness in chickens, the amount required is about 0.00 
calorie per square centimeter daily.49 >  - 

47 Meller, H. B., and Warga, M. E., Am. J. Public Health, 23, 217 (1933). 
48 Kunerth, W., and Miller, R. D., Trans. Illum. Eng. Soc., 27, 88 (1932). 

-49 Mayerson, H. S., and Laurens, H., Am. J. Physiol., 102, 422 (1932). 
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the latter alone during the course of days in December and June. The « en 
from the north half of the sky at noon is approximately equal to one-fifth 0 
total from sun and sky combined. The variation of sky and sun ultraviolet 
altitude of the sun and with month of the year are given in tables. The pres 
of snow on the ground increases the ultraviolet from sun and sky by abou 
per cent. From the data obtained by the meter exposed to sources othe 

calibrated, it appeared that each impulse of the meter was equal to about 3 
ergs or 3000 ergs per square centimeter. These authors also presented | curves 
the visible region from the sun and sky and from the latter alone. The total 
on a horizontal plane throughout the year at latitude 42°N if all days are clea 
16,820,000 lumen-hours per square foot, of which 11,870,000 are. received 
spring and summer and 4,950,000 in autumn and winter. At noon at them ‘ 
solstice, the light from the ae is approximately 16 per cent of the total; 
summer solstice, it is 10 per cent. : 

At New Orleans, the average daily amount of direct solar radiation of v 
lengths less than 3130A is less than 0.001 calorie per square centimetenll f 
April to October and between 0.001 and 0.002 during the rest of the year. 
the prevention of leg weakness in chickens, the amount required is about 0.00 
calorie per square centimeter daily.*® 

47 Meller, H. B., and Warga, M. E., Am. J. Public Health, 23, 217 (1933). 
48 Kunerth, W., and Miller, R. D., Trans. Illum. Eng. Soc., 27, 88 (1932). 

-49 Mayerson, H. S., and Laurens, H., Am. J. Physiol., 102, 422 (1932). 
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Chapter 12 

Introduction to the Mechanism of 

- Photochemical Processes 

the earliest photochemical phenomena observed were the influence of 

pleaching of linen, and the fading of certain natural dyes and pigments. 

f light in developing the green color of plants, and the ability of green 

- in some way to utilize the energy of the sun in converting carbon dioxide and 

i carbohydrates and oxygen were recognized shortly after chemical knowl- 

4 ad progressed to a stage at which the nature of combustion had become clear. 

amber of phosphorescent substances eatly attracted much attention. The photo- 

wivity of silver salts played an important part in the discovery of the existence 

ieaviolet light. (Chapter 1.). The effect of light in accelerating the combina- 

hydrogen and chlorine, the decomposition of chlorine water, and the reduc- 

of mercuric chloride solutions containing oxalic acid were the subject of a 

her of early papers.t es 3 

rotthuss, in 1817, in studying the fading of alcoholic solutions of ferric chloride 

er iron salts, concluded that only light which is absorbed can act chemically. 

ther obvious statement, now frequently called the first law of photochemistry, 

attracted little attention, as interest in the energy relations of chemical 

es was not yet general. The Grotthuss law was independently rediscovered 

per in 1843 in the course of investigations on the photochemical combina- 

hydrogen and chlorine.” : | 
first extensive kinetic studies of a photochemical reaction were those of 

and Roscoe (1855-1862) upon the hydrogen-chlorine combination. (See 
r 18.) The choice of this reaction was unfortunate, since it is very sus- 

to the influence of traces of impurities, the presence of which gives rise 
tent period between the beginning of illumination and the start of the 

The observation of an induction period in a reaction so apparently simple 
nsen and Roscoe and subsequent workers to attach undue importance to 
on periods as a feature peculiar to photochemical changes. They did, how- 

‘succeed in showing that in general the amount of material transformed in 

tochemical change is proportional to the product of the light intensity and 
e of illumination. (Bunsen-Roscoe Law.) | 
sequently, a few other reactions were studied, including the oxidation of 

ic acid,? the drying of oils, the decomposition of amyl nitrite,* the polymeriza- 

m of anthracene,® and of vinyl halides. About 1900 the Italian investigator 
amician began with Silber a series of researches in which the substances pro- 

nong 

ot the 

or details of the history of early photochemical work, see Plotnikow, “Allgemeine Photochemie,”’ 
83-105, 1936, de Gruyter, Berlin. él 

er, J., London, Edinburgh and Dublin Phil. Mag., 23, 401 (1843). 

t, F., and Wittstein, G., Phot. Arch., 430, 1864. — 
dall, Jahresb. Chem., 108, 1868. 
che, J., J. prakt. Chem., 101, 337 (1866); 106, 274 (1869). 

mann, E., Ann. Chem., 163, 317 (1872). 
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duced by the prolonged action of sunlight upon a wide variet 
pounds were identified. 

During the first two decades of the present century, the development q 
subject of the kinetics of chemical reactions led Bodenstein, Nernst and "a 
to attempt the interpretation of the data on the rates of photochemical] ral t 
in terms of the law of mass action. The difference between the rates of a a 
reaction occurring in light and in darkness was at first attributed merely al 
effect of the light in increasing the velocity constant in the simple 4 

f psorbing layer and £ is a number characteristic of the absorbing 

<g of the oe d its absorption coefficient. Its value varies with the wave- 

Beend cal isti he substance ace nner characteristic of the substance. eae ee 

_ ; found that in the case of solutions, B is proportional to the 

852, eT, the absorbing component. B may therefore be replaced by ate 

ti pe, © tion coefficient of the absorbing component of the solution. (In 

ahe absorP he solute is modified by or reacts with the solvent, Beer’s law 

jn which nt this time, Stokes made extensive studies of the phenomenon 

y Of organic | 

; er Mass : not hold.) . uted 3 issi ioht of certain wave-lengths by expression, no consideration being given to the possibility of a difference Be cznice, which consists 1n i ea ae es re pe areearpiner Eee 
mechanism in the two cases. Attempts were made, although unsuccessfyl] : Dance during the time in w e 1S se Ne ate Eas Ha ore 
Wildermann’” to treat the function of the light energy in a fashion analogor, | wave-lengths. He found that the wa g 
the manner in which Faraday treated electrical energy in the study of e 

In the case of a few reactions the attempt was made to introduce th 
of the incident light Ip in the expressions formulated for the reaction 
for example, rate=k’ I, [A]™[B]". Van’t Hoff in 1904 introduced 
tion that the amount of substance transformed in a reaction is proportional] ton 
amount of the light energy absorbed, rather than merely to the incident inteng: 
and thereby gave quantitative significance to the Grotthuss-Draper law. Attem 

lectro}y hose of the exciting rays. (Stokes’s Law.) 

. inte 1s 

the assut 

5 i 

Tue EINSTEIN PHOTOCHEMICAL EQUIVALENCE Law 

ay utmost importance to the subsequent development of photochemistry 

Pe i rivation by Einstein ?® of the photoequivalent law which states that 

w Bled quantum should cause one light-absorbing molecule to react. The 

1 abs ai ’s radiation law by thermodynamic : ‘ , a: his law, obtained from Planck’s radiation | i 
to determine whether or not all of the absorbed energy is effective photochemics jyation : : beyond the scope of this book. It implies that the number otf 
were made, notably by Luther and Weigert® for the anthracene-dianthraca soning; A have absorbed monochromatic radiant energy may be obtained 
equilibrium, by Goldberg 1° for the photo-oxidation of quinine by chromic ap Jecules wile 

dividing the total absorbed energy in ergs (measured eee see 4 en bay ts 
e ingle quantum of light of the frequency employed. o facili ‘ 

of 1 c of the quanta of various frequencies commonly employed in Pp oto- 
Juation Bodenstein and Wagner !4 proposed to employ the term einstein for 

of N (the Avogadro number, 6.06 x 1078) light quanta, this being the 

Be pcorbed when each molecule of a gram-molecular weight of a substance 
rey 4 quantum of radiant energy. They suggested that ve intensity of 

Beched light be expressed in einsteins absorbed per liter per second. age 

“The idea that the rate of a photochemical reaction may be aca: y 

wmber of light quanta absorbed per second had been expressed by Star ch nea y 

190815 preceding the derivation of the photochemical equivalent law by 

‘astein, Stark believed the primary effect of the light absorbed to be a loosening 

valence electrons, rendering the molecule chemically active. He also dis- 

ished between the primary process of the absorption ot light by a molecule 

nd the subsequent secondary processes initiated by the light-changed molecule. 

The value of the einstein is commonly expressed in kilocalories for photo- 

hemical work. It may be calculated by multiplying the frequency by Planck's 

onstant h (6.54 10-27 erg-seconds) and by N (6.06 x 1023) and dividing the 

result by 4.182 1019 to convert ergs into kilocalories. I the wave-length in 

Anestrom units is first converted into the wave-number by the aid of the graph 

it the right of Figure 103 it may easily be converted into kilocalories by multi- 

lication by the factor 0.00285. Even this calculation may be avoided by the use 

Mf the curve (A vs. kcal.) in the same figure. by 
An appreciation of the magnitude of the einstein at various wave-lengths is 

. f value in enabling one to predict the possibility of effecting a reaction of known 
C186 pee and Roscoe in the hydrogen chlorine reaction and Gros, O., Z. physik. Chem., 31, dl ctivation energy by the use of a given wave-length known to be absorbed by the 

® Luther, R., and Weigert, F., Z. physik. Chem., 53, 385 (1905). 4 facting system. 
10 Goldberg, E., Z. wiss. Phot., 4, 61 (1906). 
11 Lasareff, P., Ann. Phys., 24, 661 (1907); 37, 812 (1912). . 
2 Tian, A., Compt. rend., 156, 1601 (1913); Henri, V., Soc. Franc. d. Phys., 12, 2 (1911 

Berthelot, D., and Gaudechon, H., Compt. rend., 154, 1597 (1912); 156, 889 (1913); 160, 519 (1915 

and by Lasareff for the bleaching of dyes.11 
During this period there were also a number of theoretical studies of pho 

chemical reactions, some dealing with mechanism and others with thermodynag 
considerations.1* Real progress had, however, to await the contributions of 4 
physicist. In the first place, on the practical side, the development of the qua: 
mercury-vapor arc (Chapter 6) greatly stimulated the study of reactions follow 
the absorption of ultraviolet rays, studies of the wave-length dependence of F 
yield soon appearing in great number. On the theoretical side, the developme 
of the quantum theory (Chapters 1 and 2) for the first’ time permitted a beginni 
to be made in the approach to a satisfactory comprehension of the mechanism 
which radiant energy may be absorbed by molecules. Before considering the 
mechanisms (Chapter 13) it is necessary to discuss the general physical laws 
absorption. pa eee ‘ 

The loss in radiant energy of a beam of light which occurs during its passa 
through a cell containing a liquid or a gas is ascribed to three processes; ( 
reflection at the surfaces, (b) scattering by any dust particles in the gas or | 
colloidal particles in the liquid and (c) absorption by the molecules of the g 
or liquid. The last of these is the only one of importance photochemically. 1 
homogeneous pure liquids, scattering may usually be neglected. ~~ 

Lambert showed that the absorption of approximately ‘monochromatic ligt 
varies exponentially with the thickness of the absorbing layer, or I, =I, ea | 
which'/, and Z, denote the incident and transmitted light intensities, x is # 

7Wildermann, M., Z. physik. Chem., 42, 257 (1902); Smits, A., and Aten, A., Z. Elektrochen 
16, 264 (1910); Chem. Abs., 4, 1842 (1910). 

3 Einstein, A., Ann. Physik, 37, 832 (1912); 38, 881 (1913). 
4 Bodenstein, M., and Wagner, C., Z. physik. Chem., 3B, 456 (1929). 

®Stark, J., Physik. Z., 9, 898 (1908). | | 
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It is convenient to remember that 10,000A, where the wave-ny | | 
10,000, corresponds to 28.47 kcal. Then at 5000A the wave-number 
as great since it is the reciprocal of the wave-length which is half 

ton of the radiation plays a role subordinate to the effects of 
mber . - : ; : 

alee enormous energies of the x-rays make it possible for one will be 
| of 10 9 peron’- ‘zing a molecule to endow the resulting photoelectron with great 

the heat value will, therefore, be twice 28.47 or 56.94 kcal. The ae 0 m on 100 He energy. Subsequent effects bear some resemblance to the 

4000A corresponds to 71 kcal., 3000A to 94.6 kcal. and 2000A to 1424 i Bor kine : Mt hombardment of a substrate with a stream ok 

the x-ray region the values become enormous, but in the far infrared they des nS ins? 

wt y elec om to Risse,2° and Fricke and Brownscombe pure, oxygen-free 
cording composed by x-rays. Comparatively few inorganic reactions have 

Stotewortty among these are the hydrogen-chlorine combination,” 

on of hydrogen peroxide and of potassium persulfate,?* and certain 

duced in ferrous sulfate,*4 chromic acid,° iodine 26 and on photographic 

., . Among organic compounds, chloroform and iodoform have been the 
§ rensively studied; hydrogen halides are liberated along with other less 

Koated products.** : : rr : h 

yea] reviews of the chemical effects of X-rays, which in the main are muc 

r o ive than those produced by ultraviolet rays, have been given by 

o> *Giinther,2° Clark and Pickett,31 and by Fricke.32 Fricke states that a 

-. -ray action is that it frequently involves the production of molecules 

high energy states, such as water molecules with at least 91 kcal. 

to such small values as 0.285 kcal. at 100. 

o 

WAVE-LENGTH IN ANGSTROM UNITS 
Oo 2000 4000 6000 8000 udied. zh 

compositi 

“f 

WAVE-LENGTH IN ANGSTROM UNITS 

jarity of x 

, unusually 
oram molecule. 4 | 

i W3 f certain explosions, which may - ared Region. With the possible exception of c 7 

Tee by infrared radiations,* no established case of a chemical reaction brought 
A these radiations could be cited by Daniels in 1928. Many attempts were, 

had made to find such reactions because of the stimulus’ of the radiation theory of 

in of the activation energy for chemical reactions, now nearly universally aban- 

This theory which was first suggested by Trautz,® -and eleporaied es nes 
‘ ivati the and others,* held that the necessary activation energy calculated trom 

la, i by the Arrhenius equation, is obtained by absorption by the b sperature coefficient by ; 
Most photochemic i ene eo: et ae p : a sero follow upon a process of absorption in Ww. i Dauvillier, A., Compt. rend., 171, 627 (1920). | | 

! coniguration of the valence electrons has been in some manner altered, and For a further discussion of this topic, see Simons, L., Brit. J. Radiology Oe sie ORs a it will be shown in Chapter 13 that visible or ultraviolet radiation is “usu: 124 Be at eo of Faila, G., in Duggar, “The Biological Effects of Radiations. at ° J - i ou u aw-Hill, 3 i 

required to pt anes such an electron shift. In the infrared region, the absor' :, a Z. physik. Chem., 140, 133 (1929). 
energy is usually insufficient to produce such effects and instead ser ah Fricke, H., and Brownscombe, E. R., Strahlentherapie, 26, 319 (1929); 24, 749, 757 (1927); 
alter the rotational motion of ae Taecd h ee OG” and Washburn, M., Phys. Rev., 40, 1033 (1932); Fricke, H., and Brownscombe, E. R., 
Peg motion or the molecule as a whole or the vibrational mo 4, 240 (1933); Fricke, H., J. Chem. Phys., 2, 349 (1934). : 
of its component atomic nuclei with respect to each other.16 There is no fun eblanc, M., and Volmer, M., Z. Elektrochem., 20, 494 (1914); Gétzky, S., and Ginther, P., 
mental distinction between the reactions due to visible or ultraviolet light ;  . c age Physik, 48, 845 (1928) | ° ° ° ne ve a ockier, °9 ’ °9 ° 5) ’ 2 

it is not feasible to discuss their effects separately. In order adequately to dise hishacow, W., Phil. Mag., 14, 198 (1932); Fricke, H., loc. cit. 
the effects produced by ultraviolet light it will frequently be necessary to disreg: % Fricke, H., and Washburn, M., loc. cit. 
the limitation set by the title of this book and to discuss man i due ®Bordier, H., Compt. rend., 163, 291 (1916). | y reactions due aye"? ; : u ‘aie : aoe ; a t, J., and Noddack, W., Ber. deutsche physik. Ges., 23 (1924); Ginther, P., and Tittel, H., 
the ga of aes light. , ie 647 (1933) : o wea Gs A Compt. rend., 184, 284 (1927); Villard, P., Compt. 

ittle 1s known of reaction hi : : ial 84, 131, 309, 352 (1927); 186, 1669 (1928). 4 

Sch d th 1 ade _ sees en up the eae 7 wa ; Bi. R., Z. tech. Physik., 7, 571 (1926); Z. Physik, 43, 827 (1927); 46, 764 (1928); chumann anc the usual x-ray regions. Palmer 17 has noted that radiations ir r, P.. Angew. Chem., 46, 627 (1933); Hill, D., J. Am. Chem. Soc., 54, 32 (1932). 
a hydrogen discharge tube passing through a fluorite window into air cause ocker, R., Z. tech. Physik, 9, 201 (1928). | « feck 
formation on the outside of the window of a film with metallic luster (soluble 
alcohol) which probably is calcium oxyfluoride, and upon the latter a white pow 
insoluble in water and soluble in dilute hydrochloric acid. Both deposits impé 
the passage of rays of wave-lengths between 1250 and 1500A. a 

Reactions Produced by X-Rays. These reactions have received far less stt 

%Ginther, P., Angew. Chem., 41, 1357 (1928); Ergebnisse tech. Réntgenkunde, 4, 100 (1934). 

than those produced in the visible and ultraviolet regions. The direct pho 

16 Mecke, R., Trans. Faraday Soc., 27, 359 (1931). } | 

ark, G. L., and Pickett, L. W., J. Am. Chem. Soc., 52, 465 (1930); Clark, G. L., and Coe, 

17 Palmer, F., Jr., J. Chem. Physics, 2, 296 (1934). 
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FIGURE 103. Graphs for Conversion of Wave-lengths and Wave-numbers into Kj calories per Mole and for Conversion of Angstrom Units into Wave-numbers. 
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»8., J. Chem. Phys., 5, 97 (1937). " wie 
"Fricke, H., Cold Spring Harbor Symposia Quant. Biol., 3, 55 (1935). 
“David, W. T., Proc. Roy. Soc., 108A, 617 (1925). 
“Daniels, F., Chem. Rev., 5, 56 (1928). | 
*Trautz, M., Z. wiss. Phot., 4, 160 (1906); Z. anorg. Chem., 102, 81 (1917). 
*Lewis, W. C. M., J. Chem. Soc., 113, 471 (1918); Phil. Mag., 39, 26 (1920). 
a J., Ann. Phys., 11, 5 (1919); Trans. Faraday Soc., 17, 546 (1922); Compt. rend., 187, 

8 Baly, E. C. C., Phil. Mag., 40, 1, 15 (1920); Rec. trav. chim., 41, 516 (1922). 
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reacting molecules of the black-body radiation from the surrounding molecule 
the walls of the vessel. Were this the case it would obviously be possible to ail 
from the activation energy, the frequencies at which the radiation should phe aa 
by equating the energy in ergs to Nhvp. Sg 

The hypothesis was soon opposed on theoretical grounds largely concerneg 
calculations of the inability of activation by. this method to supply energy fasidl >. 
to account for the observed rates of reactions.®® Modifications and elaboratio en 
repeatedly proposed to meet these objections.“ Experimentally, it was found thael substances failed to exhibit absorption bands in the regions corresponding to the = 
lengths calculated from the theory. In the case of nitrogen pentoxide, the ene 
activation, 24.7 kcal., corresponds to a wave-length of 1.164, but this radiation a 
produce any decomposition since it is not absorbed.*. It was also found that ri 
wave-lengths were also ineffective in accelerating this reaction.” Similar Negative pa. 
have also been reported for the racemization of pinene.* res 

A few workers have, however, reported instances of reactions which aDDeare, 
favor the theory. Dhar and Bhattacharya * claimed some forty reactions which - in darkness may be slightly accelerated by radiation of wave-length 7304A, They inte 
the wave-length corresponding to the activation energy (derived from tempera 
coefficients) as a threshold wave-length for photochemical action. Rao and Dr have extended this point of view and attempted to support it by extrapolating the yi 
of four photochemical reactions observed at various wave-lengths to determine the 1 
wave limit at which the yield is zero. This threshold was believed to coincide with - calculated from the activation energies. “7 

THE APPLICABILITY OF THE EINSTEIN LAW P 

Not until the radiation theory had risen and begun to fall did any large num 
of workers turn to an experimental study of the validity of the Einstein equiva) 
law. A few, however, notably Bodenstein and Warburg, were early interestec 

correlating the absorbed energy with the amounts of materials entering ; 
reaction. Very shortly after the appearance of the Einstein theory, Winthe 
and Bodenstein 48 assembled the available data from the literature and made roy 

calculations to test the applicability of the Einstein law. The quantum yield 
be defined as the number of molecules which react for each quantum of ]j 
absorbed. The data available in the literature were inadequate for an accur 
estimation of the quantum yields, since in most cases the absorbed energy val 
could be estimated only from the absorption coefficients of the sttbstances stud 
and from the distances of the reaction mixtures from the sources. These r 
approximations nevertheless served to indicate that the quantum yields may ran 
from values as low as 0.05 in the case of the oxidation of quinine to 10° in ¢ 
combination of hydrogen and chlorine. In but two of twenty reactions for wh: 
these admittedly rough calculations could be made was the quantum yield found 

89 Langmuir, I., J. Am. Chem. Soc., 42, 2190 (1920); Lindemann, F. A., Phil. Mag., 40, 671 (1921 Tolman, R. C., J. Am. Chem. Soc., 42, 2506 (1920); 43, 269 (1921); 47, 1542 (1925) a 
40 Lewis, W. C., and McKeown, A., J. Am. Chem. Soc., 43, 1288 (1921); Garner, W. E. 

Mag., 49, 463 (1925); Lewis, G. N., and Smith, D. F., J. Am. Chem. Soc., 47, 1508 (1925); R 

Faraday Soc., 21, 512 (1926) ; 
41 Daniels, F., and Johnston, E. H., J. Am. Chem. Soc., 43, 72 (1921). 
42 Kassel, L. S., J. Am. Chem. Soc., 51, 54 (1929); Rice, F. O., Urey, H. C., and Was 
N., Ibid., 50, 2402 (1928). a 
= Ure, W., and .Tolman, R. C.; J, Am. Chem. Soc., 51, 974. (1929), 
44 Audubert, R., Compt. rend., 184, 881 (1927); Rideal, E. K., and Hawkins, J. A., J. Chem. So 

117, 1288 (1920). 
t 

hbur: 
a 

45 Dhar, fF R., and Bhattacharya, A. K., Trans. Faraday Socs, 26, 1 (1930): J. Indian Chem. So 
ae Gi 

| _ 
6, 143, 45 929). 

4“ Rao, G. G., and Dhar, N.' R., ‘J. Phys. Chem., 36, 646 (1932). ‘ 
47 Winther, C., Z. wiss. Phot., 11, 92 (1913). a 
8 Bodenstein, M., Z. physik. Chem., 85, 329 (1913). The most recent tabulation of the quant 

yields (120 reactions) is due to Daniels, F., J. Phys. Chem., 42, 713 (1938). He has also summath 
advances in technique, Ibid., 42, 701 (1938). a 

ice, 
Trans. Faraday Soc., 21, bi (1926); Ornstein, Z. physik. Chem., 120, 98 (1926) :. Roy, S: C., Trai 

Fe 

MECHANISM OF PHOTOCHEMICAL PROCESSES 211 

a d equired by the Einstein law. Bodenstein suggested 
oach unity, - Be ac, ‘ean neti of light, should be called the 

pearst 4 that it is to this only that the Einstein law properly pertains. 

proces 7 rimary process is characterized by the fact that each molecule 

jeved ail é a (or a small number of quanta) and is altered thereby, this 
5 one qual Be enced by temperature 488 or the presence of foreign sub- 

s being subsequent secondary processes, which follow the law of mass action, 

rhe complex and may cause the quantum yield of the overall reaction to 
e quite | 
4 

aed “conception of the nature of the change provoked in a primary 
ydenste 

hat it consisted (in analogy with the photoelectric effect) in the 
ip was ¢ ns from the absorbing molecules leading to the formation of 
, >Jectro ihe 
- ae took part in the secondary processes. This is now known to be 

c whit few if any photochemical reactions: Bodenstein himself later discarded 

pse 10” nceptions of the nature of the primary process. He also suggested 

mere Boe’ for the substance which reacts in a secondary process with 
. a product formed by the absorption of light by a molecule. If the 

pemary Bee to test the validity of the Einstein law for the primary process, 
ie ecessary to find an acceptor that would react with the primary product 

Be cauivalent to that of the primary reaction. To him it appeared that 

aroblem of experimentally testing the Einstein law resolved itself into finding 
pro 

pe . Peete” has never been widely adopted by photochemists, and 

- - prove directly the Einstein law for the primary process by searching 

BF uitable “acceptor” for a given absorbing molecule have given way to 

impts to understand the mechanism of the processes involved in given reactions, 

stever their quantum yields may be. A few studies were, however, made from 

s standpoint. Noddack 4? investigated the photochemical reactions bebvere 
mine and cyclohexane, and between chlorine and trichlorobromomethane an ‘ 

ind both to follow the photoequivalence law. On the other hand, Pusch 

ted that hydrogen is an unsuitable acceptor for light-altered bromine, but that 

ydrobenzene is a suitable one. Sova eb, adhe, atte 

nong the most thorough quantitative investigations of the applica ility o 

nstein law and of quantum yields were those of Warburg (which had been 

deven prior to the publication of the Einstein law) on the relation of energy 

ed to photochemical change. Important phases of this work dealt with the 
position of hydrogen iodide,®°! hydrogen bromide,°? the maleic-fumaric ane 
ormation,®? the hydrogen-chlorine combination,>4 the ozone decomposition,? 
composition of nitrates,°® and of ammonia.57™ Although the details of this 
will be discussed in other chapters, it may be noted here that the quantum 
found showed the same type of extreme variation that had been suggested 

y the rough calculations of Bodenstein, being two for the first two reactions, 
= 

42 This has subsequently required modification. 

®Noddack, W., Z. Elektrochem., 27, 359 (1921); J. Chem. Soc., 120 (2), 568 (1921). 
Pusch, L., Z. Elektrochem., 24, 336 (1918). 
‘Warburg, E., Sitzb. Preuss. Akad., 300 (1918). 
®@ Warburg, E., [bid., 314 (1916). 
® Warburg, E., Ibid., 360 (1919). 
“Warburg, E., Z. Elektrochem., 27, 133 (1921). 
S Warburg, E., Siteb. Preuss. Akad., 644 (1913); 872 (1914). 
* Warburg, E., Ibid., 1228 (1918). i 
"Warburg, E., Ibid., 746 (1911); 216 (1912). 
j 
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nized the importance of the nature of the primary process in 
0.032 to 0.104 for the third, extremely high for the fourth, from 0 ; q 60 recog : . ; 
(dependent upon the presence of other gases) for the fifth, 0.024 to 0,25 a eg the mechanism of a photochemical reaction _ oe Pi nea 
sPRthi wad O25: for the tas “9 fo . » 14) in which fluorescence and absorption spectrum studies may be 

a4 : : h heal } imary process. 
It is important to note the manner in which experiments made with , tod iD determining the See ah ees iia! fy a eebiie Teoh 

separate wave-lengths of approximately monochromatic light in the il - general acceptance : eine ae ee ee 

iodide decomposition and with two wave-lengths in the case of that of heal S| rtain cases one q OF : e 
; 

Brhat 10 © f the absorbing substance. Basu ®! suggested, possibly as an : | Saiee : ; i a ; cule of the absorbing ec. Sy) ee 
Bayne “attorded a strong confiemation ot the theory. Singey ty Magnitud a nan spectrum interpretations (Chapter 13), that the incident quan- 
the quantum increases as the wave-length decreases, it is evident that for a fR . eens es Pte 

the , ne Ot he molecule it strikes, and that the 
total amount of energy absorbed at different wave-lengths, the number of “I ces part of its ie ee ioe pan pea , 

absorbed decreases as the wave-length decreases. Therefore, the yield o¢ 2 fe, is scattered ah ean si AN SAAS Ler a a still being carried out 
process should be less when the same total energy is employed at q shortelll vestigations of eee a ielare epee nnn ae pecan 

at a longer wave-length. In the hydrogen iodide decomposition, Warburg a ively ca ae m yields are determined for various incident wave- 
si ee ’ a ied. ; that the ratio of moles decomposed to the calories absorbed (multiplieq by - ns stu Meee. d new paatechemical “reaction Vavesiodied: lic 

decreased from 2.08-at 2820A to 1.85 at 2530A and 1.447 at 2070A. The expe 
values calculated upon the basis of the Einstein law were 1.003, 0.89 and ¢ 
respectively. These were in each case very close to half of the observed “a 

Therefore, in each case, the quantum yield was two. The results in the hydee 

bromide decomposition were very similar. | 4 

Warburg was also able to suggest a reasonable explanation of the quan 
yield of two by assuming the primary process of absorption by the hydrogen jo 
or bromide to consist in a dissociation of these molecules into atoms. A relati 
simple: sequence of secondary reactions, supported on thermodynamic round 
Nernst, accounted for the observed quantum yield of two. In this way, gran: 
the correctness of the assumed mechanism of the primary process, the obse 
quantum yield, despite the fact that it was not unity, could be regarded 
confirmation of the theory. The opinion gradually gained ground that when 
factors were taken into account, it would be possible to devise mechanisms for 
primary processes and secondary reactions for those photochemical reactions 
which extreme values of the quantum yields at first sight appeared less favor 
to the theory. | 4 

In summarizing his work, Warburg stated 58 that the law has been prove 
apply when the quantum absorbed is greater than the energy of dissociat 
although in certain cases collisions of the products of dissociation with molec 
of foreign gases may lead to a dissipation of their energy so that the lay 
apparently not followed. He also recognized at this time that in the case 
reactions effected by the absorption of quarita smaller than the heat of dissociat 
the mechanism of the primary process may involve the formation of excited rat 
than dissociated molecules. (This type of mechanism will be considered in m 
detail subsequently.) In this case, under certain conditions, complicating proce: 
may lead to a dissipation of a portion of the energy of some excited molecules 
that the quantum yield may be reduced. te _ 

Perhaps the present position with regard to the Einstein law has been m 
clearly stated by Taylor 5® who avoids the idea of equivalence implied by eafl 
statements of the law by giving it in the form of this Second Law of Pht 

chemistry : 4 : . 
“The absorption of light is a quantum process involving one quantum ] 

absorbing molecule or atom. The photochemical yield is determined by 
thermal reactions of the system produced by the light absorption.” Henrl ¢ 

< of radiation : ME sl ts ace upon the yields of many factors, including temperature, variations in 
nce | ty of light, the effects of changes in pressure in gaseous reactions and 

- Bean in solutions, the effects of different solvents, catalysts and inhib- Be eine actively studied. The more detailed discussion of these topics is 

Ben connection with the individual reactions considered in subsequent chapters. 
ni 

1 CHAIN REACTIONS 

Mlusion has been made to the fact that in certain reactions high quantum 

4; have been observed. Thus in the hydrogen-chlorine combination, it was 

sd that the quantum yield was of the order of a million. To explain this, 

st 2 proposed on thermodynamic grounds the possibility of the following 

Je of reactions : 
| 

q Cl-+thy ——> Cl+Cl 
Ci Han Hela 

H+Clk —— HC1+Cl, etc. 

e last two of these reactions evolve heat and can occur spontaneously and be 

eated until the hydrogen and chlorine are: consumed. Other reactions are con- 

le. but are limited in extent. If two chlorine atoms could combine to form a 
molecule, they might be expected to dissociate again on absorption of 

r quantum of radiation. There is, however, an even more cogent reason why 

r this process nor the combination of two hydrogen atoms to form molecules 
f occur to any considerable extent. The combination of two chlorine atoms is 
‘thermic to the extent of 58.5 kcals. For the production of a stable molecule by a 

on of two atoms it would be necessary for the energy of recombination to be 
moved in some manner or the atoms would move apart again. If, however, two 
ms of chlorine (or of hydrogen) should chance to collide at the same time with a 
lecule of an inert gas or with the wall of the reaction vessel, the excess of energy 

ight be imparted to the inert gas molecule or to the wall so that a stable molecule 
chlorine (or of hydrogen) might be produced. The inability of atoms to combine 

form molecules by two-body collisions thus provides one of the reasons which 

Nake it possible for the reactions written above to be so often repeated and thereby 
Ke the quantum yield so enormous. In the language of physical chemistry, the 
is are said to be long. | 

" Henri, V., and Wurmser, R., J. phys. Radium, 8, 289 (1927). 
LR. 

_ 58 Warburg, E., Naturwiss., 47, 1058 (1924). q ie P, J. Phys. Chem., 335 1200 (1929). 

59 Taylor, H. S., J. Phys. Chem., 32, 516 (1928). q nst, W., Sitzb. Berlin Akad. Wiss, 65 (1911). 
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Although Nernst set up the reaction chain just discussed, he did not at th, 

suggest all of the details; many others have contributed to the building d 7 

present concept of chain reactions. Nernst calculated that a similar cycle wa 

impossible in the case of the combination of hydrogen and bromine, becayy 

reaction Br+H,—HBr+H is endothermic. Actually, a mixture of haa 

their energy of excitation. In the first place the energy might be lost 

c. (fluorescence). A second possibility is the loss of the energy of 
gissio™ snelastic collisions with other molecules, involving conversion of 

ion into heat energy. The third and most important possibility ‘“ , ‘tat J* : - 4:0 . nf eXcl d molecules on colliding with other molecules might utilize this 

and bromine is not light sensitive at ordinary temperatures, although a Chain ral : he i energy of activation in bringing about chemical reactions. Thus 
occurs at higher temperatures. A further discussion of the more detailed Teag i by drogen iodide molecule (denoted by *) on colliding with a normal 

in regard to these reactions and also the hydrogen iodide decomposition . ive might cause a reaction in which a molecule of hydrogen and one of 
eiven in the chapter on reactions in the gas phase. (Chapter 17.) le 

i ced. 

are prods HI +h» —> HI* in reactions are subject to inhibition by certain substances, whit Many cha ; oly land 

present in traces, break the chains and lower the yields. A general discy 35} 
the methods of determining the mechanisms of chain reactions has been giy 

Noyes.® | : . z 

In interpreting the kinetics of chain reactions, three processes require cong 

tion, (a) the chain starting process, (b) the chain terminating process and (, 

chain continuing process.® | j : 

The Nature of the Primary Process. During recent years an increasing gy 

of attention has been devoted to an exact determination of the nature of the Dri 

processes of light absorption and the molecular changes affected thereby. Alth 

the book by Kistiakowsky on Photochemical Processes (1928) was predomit 

concerned with the kinetics of a number of complete reactions, an indication 

recent shift in emphasis is to be found in the fact that the “Foundations of ] 

chemistry” by Bonhoeffer and Harteck (1933) devotes 182 pages to the pI 

process, 39 to secondary reactions and only 59 to the kinetics of overall reac 

At present, efforts are being made to increase our knowledge of the sec 

reactions. , 

Besides the Warburg theory of dissociation as the primary process, 

have been proposed. Recent studies indicate, however, that the producti 

atoms or free radicals either by direct dissociation following the absorptior 

quantum or by predissociation (a process described in Chapter 14) is the 

commonly encountered primary process. ol 

The early views were rather indefinite. Stark 65 thought the primary 

to be a loosening. of valence electrons, rendering the molecules chemically 

(“intramolecular photoelectric effect’). Baly and Rice ii considered or 

molecules as condensed systems which are non-reactive until opened up, an 

cussed the relation of absorption bands and fluorescence phenomena to this lo 

ing process. An important paper historically was one in which Stern and Va 

on the basis of the then current interpretation of band spectra, took issue vl 

dissociation mechanism proposed by Warburg for the reactions of the hyd 

halides. These authors, influenced by the Bohr theory of the excitation om 

explained the primary process of light absorption by molecules in tera 

analogous elevation of the energy level of the molecule by the energy L 

absorbed quantum. In this way they made somewhat more precise what is : 

in the activation of molecules, a term which had been used earlier Py ‘ 

They discussed particularly the possible ways in which excited molecules: 

_ 

Eovay it would be possible to explain the quantum yield of two which had 
set ermined experimentally by Warburg. 
se time it was put forward, this view had much to recommend it. Data 
being contributed by physicists on the fate of excited atoms and the manner 

ich the loss of their energy by fluorescence could be quenched or lessened by the a of inert gas molecules which by collisions could remove the energy. An 

4 on of these considerations to photochemical reactions offered an attractive 4 nity for explaining the decreases in quantum yields of gas reactions often 

ved to occur in the presence of increasing concentrations of foreign non- 
ping gases. Furthermore, at this time relatively little was known of the 
Bor of atoms or free radicals and their postulation as intermediates by 
burg appeared unnecessarily artificial Warburg indeed gave as the criterion 

‘he occurrence of dissociation in the primary process the stipulation that the 
ym energy of the absorbed radiation must be larger than the heat of disso- 

‘on of the molecules, and recognized that the absorption of lesser quanta could 

| only to the production of excited molecules. For these reasons, attention 
ne the early 1920’s was predominantly devoted to the activated molecule 
ory of the primary process. Noddack ®8 explained the lowering of the yield in 
reaction between chlorine and trichlorobromomethane in carbon tetrachloride 
ich accompanies increasing dilution by the solvent on the basis of this theory. 

t “more frequent collisions of the activated molecules with indifferent carbon 

achloride molecules deactivated them so that the photochemical reaction had 
hance of occurring. It was also pointed out by many that if an activated 

lecule did not collide with a molecule with which it might react within its life 

iod (10-8-10-® second) ® it would lose some of its energy by fluorescence; if, 
: other hand, it collided with an indifferent molecule it could lose its energy 
collision. In a gas at normal pressures the loss of energy by fluorescence 
not be expected to be important, this effect becoming pronounced only 

en the time interval between collisions of the excited molecules with the 
ctant molecules becomes comparable with the mean life of the excited state. | 
Attempts were made to extend the theory of activated molecules to account for 
un reactions, the assumption being made that such an excited molecule enters 
9 reaction with a normal molecule and produces another excited molecule as 
of the products in a manner analogous to that in which atoms functioned in 
chain theory of Nernst. It need only be said here that such energy chains 
€ been shown to involve certain difficulties and that, in the main, there is 

7 

63 Noyes, W. A., Jr., Cold Spring, tude Symposia Quant. Biol., 3, 32 (1935) ; see also Sens 

3 ’ (1935). aes ; . : ) tl ! 

~Y any necessity for assuming. their occurrence in explaining photochemical Acta Physicochim. U.R.S.S., 3, 245 Ree 

64 Rollefson, G. K., J. Phys. Chem., 42, . 

®& Stark, J., “Prinzipien der Atomdynamik,” Leipzig, S. Hirzel, II, 207 (1911). 

66 Baly, E. C. C., and Rice, F. O., J. Chem. Soc., 101, 1475 (1912). 

67 Stern, O., and Volmer, M., Z. wiss. Phot., 19, 275 (1920). 
Noddack, W., Z. Elektrochem., 27, 359 (1921). 1. Mukerji, B. K., and Dhar, N. R., Z. Elektrochem., 31, 283 (1925). 

bed 
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processes. Elaborate attempts were also made to picture the change involy 

activating molecules in terms of the orbits in which the valence electrons 

Such attempts have been rendered unnecessary by developments of the theo 

valence and of molecular energy states. _ 

:. : Chapter 13 

“Molecular Spectra and Their Relation to 
a : Photochemistry 

on the absorption or emission spectroscopy of molecules used 

Brief mention may be made at this point of an early theory of Weigeyn 
assumed that at least two molecules of gaseous halogens participate in the she .: 

process, an electron being believed to be displaced from one to the other. The , a 
molecular complex acted as a nucleus at which subsequent reactions procee dei 1 

theory has not survived, although a vestige remains in the modern treatment ‘9. 
photochemical processes occurring in alkali-halide crystals. 4 

By 1924, Bowen,” in comparing the mechanisms (dissociation vergyg a 
molecule) of the primary process involved in the photochemical reaction, 
which the hydrogen halides are formed showed that the dissociation theory , 

J 

dy workers 
q copes of low resolving power and observed spectra characterized by more 

i, | a quantitative explanation of all the experimental facts if due considerag;, , regularly eis pangs i en nese aPP arent menibeds eRe 

wa | given to the heats of reaction and if it is assumed that a large evolution of rise tO Rey a sbectna,: ) Tealy, 4. TOASTOmer Ses. epee ae a 
- resolving power have long since revealed the fact that in many cases, the 

favors a spontaneous reaction and that an endothermic secondary reaction 
ae .” jn the spectra of gaseous molecules are really composed of great numbers 

not proceed. He pointed out that a clarification of the then conflicting pojn | | 

view in regard to the nature of the primary process awaited a physical inte, ely spaced lines. ‘oo 

tation of the data of the band absorption spectra of gases. The most mg folecular spectra have been very actively investigated within the last two 

feature of the development during recent years has been the application of jes. ‘The literature dealing with them is of vast proportions and is couched 

theory of band spectra to the interpretation of the primary processes of ae somewhat unfamiliar notation, unfortunately necessary because of the com- 

chemical reactions. For this reason the next chapter digresses to give q ity of the interrelations between the forms of motion characterizing molecular 

introduction to the theory of the origin of band spectra, after which it beg gy states, the transitions between which give rise to the many lines. In the ~ 

possible in Chapter 14 to discuss the contributions which spectroscopy is abj 4 of the emission spectra of molecules much effort has been required merely 

make to an understanding of the nature of the primary process in photocher ify the molecule or molecular fragment giving rise to a given spectrum 

reactions occurring in the gas phase. ‘f 

1 
Be cent of lines and bands under the experimental conditions of excitation. 

y instances it has been demonstrated that the spectrum must be attributed to 

sence of molecules of a type unfamiliar to a chemist (BO, Heo, BaH, etc.). 

y investigations were limited to the accurate measurements of the wave- 
of the many lines observed in the emission or absorption spectra of various 
ces produced under definite experimental conditions. Later phases of the 
ere concerned with the identification of the molecules responsible for these 
and, following this, with the classification of the lines into bands, of the 

nto groups of bands, and of these groups into larger series. Next came 
resentation of these observed facts by mathematical expressions. Only in 
t thirty years has it been possible to make physical interpretations of the 
ships thus demonstrated. . 

The study of molecular spectra has provided the chemist with a tool which 
s yielded data valuable in fields remote from that of photochemistry. The 
ectra provide information as to the structures, sizes and shapes of molecules, 
ave led to the discovery of the isotopes of. several elements and have furnished 
ues for heats of dissociation, bond strengths, heat contents, entropies, specific 

eats, free energies, equilibrium constants and heats of activation in many cases 
ore readily and more accurately than are secured by the older methods of ther- 
Ochemistry.1 Progress in the application of the methods of wave mechanics to 
e interpretation of band spectra has been so rapid as to have led Kemble? to 

1 Waldbauer, L., and Patton, I. J., J. Phys. Chem., 31, 1433 (1927). 3 
7 Weigert, F., Ann, Physik, 24, 243 (1907); Z. Elektrochem., 28, 456 (1922); Weigert, F., and 

lermann, K., Z. physik. Chem., 107, 1 (1923); Weigert, F., Ibid., 02, 416 (1922); 106, 407 ( 
See, for objections, Kornfeld, G., Z. physik., 108, 118 (1924). rf | 

72 Bowen, E. J., J. Chem. Soc., 125, 1233 (1924); Trans. Faraday Soc., 21, 543 (1925). 

Giauque, W. F., and Wiebe, R., J. Am. Chem. Soc., 50, 101, 2193 (1928); 52, 4808, 4816 (1930); 
07 (1931); Godnev, I. N., Ibid., 58, 180 (1936); Kassel, L. S., Phys. Rev. 43, 364 (1933); J. Am. 

Soc., 55, 1351 (1933); J. Chem. Physics, 1, 576 (1933); Zeise, H., Z. Elektrochem., 39, 758 
7 ; Franck, J., Ibid., 36, 581 (1930); Bryant, W., Ind. Eng. Chem., 25, 820 (1933); Rodebush, W., 

lem. Rev., 9, 319 (1931); Kassel, L. S.. \Chem. Rev., 18, 277 (1936); Witmer, E., J. Am. Chem. 
B96, 2229 (1934), : : 
‘Aemble, E. C., J. Frank. Inst., 206, 27 (1928). 
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express the hope that “in a few years we may understand the fundame 
ciples of molecule formation as definitely as we now understand the 
of dynamo design.” | 

The complexities of spectra and the extensive mathematical equipmen 

for their interpretation make this a field for specialists. Fortunately, , 4% 
A ° ‘ ; ) de 

knowledge of this field is not essential to an understanding of much of +. 
in photochemistry. The discussion in this chapter is intended only to furnj E 
chemist not versed in spectroscopy with enough of the present viewpoint a 
ing molecular spectra to permit him to comprehend the manner in whi q 
character of the spectrum within a given wave-length region shows whe 7 

absorption has produced excited molecules or has led to a dissociation 

molecule into atoms or free radicals. The character of the molecular spec 

thus gives a clue to the nature of the primary process of absorption, Fos 
most part, only the spectra of diatomic molecules will be considered, since . 
have been more completely interpreted than have the vastly more compli 
spectra of polyatomic molecules. a 

Representative of the band spectra of diatomic molecules is that of phosp} 

nitride, a portion of which is reproduced in Figure 104. Each of the dark re, 
which fades out gradually from a sharp edge is known as a band. Some mola 
produce spectra in which the fading from the edge of the bands to more and. 
widely separated and weaker lines extends toward the shorter wave-lengths. 

the spectra of others the opposite is true. The bands are accordingly said ¢9) 
degraded toward the violet or toward the red. | | of 

The edges of the bands recur in a somewhat regular sequence and go fo 
band group. Furthermore, over wider spectral ranges, the various grou 
bands may also follow in sequence to form a system of bands. The com 

emission spectrum of a substance may under certain circumstances consis 
several band systems. Cyanogen, for example, has one system between 4000. 
5000A and another in the red. Different portions of the complete spectrum 
be revealed by the use of different methods of excitation. The complete spec 
of a diatomic molecule composed of unlike atoms may extend from the far inff 

to far in the ultraviolet. | . 

Deslandres,? a pioneer in the empirical study of molecular spectra, de 
strated relations between the wave-numbers of the lines of a band and also bety 
those of the heads of the bands of a group. As in the case of atomic spe 
progress in the interpretation of such relationships came only with the appE 
tion of the quantum theory. The wave-numbers of the individual lines de 
upon the differences between energy states of the molecule. In discussi 
possible energy levels of a molecule there must be considered certain mole 

and intramolecular. motions which were not encountered in the discussion of 

energy levels of atoms. The molecule may rotate as a whole about its ce te 

gravity and the two atomic nuclei may vibrate with respect to each other a 

the line joining their centers. Each of these types of motion is quantized, 

discrete rotational and vibrational energy levels being possible. In addition, } 

atomic spectra, transitions between electronic energy levels must be consid 

Even before the advent of the Bohr theory of the quantization of the elect 

states of atoms, Bjerrum‘ suggested that transitions between various rotat 
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Ficure 105. Schematic Energy Level Diagram for Diatomic Molecule (Mulliken, Chemical Reviews). 

Ficure 104. Band Spectrum of a PN Molecule (From Herzberg, “Atomic Spectra and Atomic Structure,” New York, ® Deslandres, H., Compt. rend., 103, 375 (1886); 104, 972 (1888); 134, 747 (1902); 138, 317 ( 
Ann. Chim. Phys., 15, 5 (1888); J. de phys., 10, 276 (1891). a 

4Bjerrum, N., Nernst Festchrift, 90 (1912); cited in Baly, E. C. C., “Spectroscopy; ™ 
London, Longmans Green, 1927. |  —- 
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states of the molecule might account for the energy differences correspon 
the lines in the far infrared spectra of diatomic molecules. Schwary 
employed a series of integral quantum numbers in an expression by w 
quantized moment of momentum of the rotating molecule could be used 
lating the wave-numbers of the various lines corresponding to shifts betwe 
rotational states. Heurlinger® introduced vibrational quantum numbers ’ 
dealing in a similar manner with the to-and-fro oscillations of the nucle ,. 
respect to each other. Kratzer’ developed the theory of the vibrations of 7 
anharmonic oscillator in terms of the approximation that the motions of rotall 

and vibration do not mutually influence each other. He also employed select: 
principles analogous to those employed in atomic spectra for the restriction of # ' ‘ 
transitions which are permitted between various rotational and vibrationa] staul "practice, these lines are observed only in absorption spectra and have been 

In general, then, three forms of energy conttibute chiefly to the 4. paratively little studied because of experimental difficulties. During the 
energy of each state between which the line-producing transitions occur. -qy ction of such spectra the molecules are always in the ground electronic state. 

total energy may be represented by Ey +Lyiy+Lyo¢ The order in which the 2 he frequencies in the near infrared region correspond to greater energy dif- 
have been listed is that of decreasing magnitudes of the energy contributions, ; q es between terms, so that in their production certain transitions between the 

more accurate expressions, the effects of interactions between the various for ee dely s eparated vibrational levels are involved. Fach such transition cor- 

of motion must be taken into account. In the energy level diagram of a molegy ee ds to a band, and as previously stated, each line within the structure of a 
there is for each electronic state a series of more closely spaced vibrationa] State pe band corresponds to a change in the rotational state as well as that vibra- 

designated by successive quantum numbers, and for each vibrational level a seri ie change which is concerned in the production of every line within that band. 

of still more closely spaced rotational levels, also designated by integral quanty es e near infrared spectra originating in simultaneous vibrational and rotational 
numbers. (Figure 105.) : . 7 eansitions are known as rotation-vibration spectra. 

The electronic state of lowest energy a $ ermed the ground state; the obit on the visible and ultraviolet regions electronic transitions are concerned and 
electronic states are excited states, the excitation energies being of the same orde | 

: “ : : ‘+e accompanied by simultaneous vibrational transitions each producing a band 

of magnitude as those of excited atoms. The successive energy increments betiyag a by rotational transitions responsible for the lines composing each band. Thus, 
the electronic states vary in different molecules from about 1 to 10 electron-yolt . in such a band corresponds to the same electronic shift and to the same - 

corresponding “tp,|.] me 10 times 23 kcal. The lines produced by transition tional shift, but the vibrational shift is different in the case of each line of 
between such levels will lie in the visible or ultraviolet regions of the spectrup of the other bands. The origin of each band may be located by the frequencies 

Usually the number of electronic levels of a molecule available for transitions ¢ responding to vibrational transitions between the zero rotational levels of suc- 

produce lines in the accessible portions of the ultraviolet is much smaller tha a 
; | ; : in é : sive vibrational levels, that is, the frequency is v = vy + ry) corresponding to 
in the case of atomic spectra. Electronic term series are observed only in excey : 

: a =). ‘ ° e e ° ° . ° ° fi ‘rot ! ; Me e ° ; e 

fholecules. are. rarely "Sncoratered in the apecara: most irequentty sa Re 0? of Seat infrared absorption spectra, the Limited enerey YS P , d d — each absorbed quantum usually suffices to excite but a very few vibration levels h ° iy 
‘ 

Seals OEE. Capes that but a few bands (one to three or four) can appear. But the number of 
The separation of the vibrational levels is usually only 0.1 to 0.01 as great a . ; ; 

} ‘ 1 nds i isible or ‘aviolet regions accompanying each electron shift may 
that between the electronic level t 1 - : 1c ; nds i the visible or aultreprio S 

et ctronic levels Cor: about IGG? wavenumbers). an ‘much greater, the vibrational quantum numbers may reach ten or more, and 
between rotational levels is very small, about 0.01 that between the vibrationa | 3 ; | 

“.* : 1a i ¥ Fi : f two 
levels, or from ten to 100 wave-numbers. 7# Transitions between terms in accord meeepecita are accordingly much more complex Molecules composed of tw 

j like atoms (Hy, No, etc.) exhibit no absorption in the infrared from 100u to lp 
ance with certain selection principles give rise to the spectral lines, the wave oY ; i ay : ‘ae : “a and lack pure rotation and rotation-vibration spectra. This does not mean that 
numbers of which are readily obtained by subtract f nergy a ad : : | aes y y subtraction of the values of the Sai such molecules lack rotational or vibrational energy but indicates only that these 
levels (terms) expressed as wave-numbers. In the most general case in the i : : : +s 
visible ie nae regions, the lines are due to ener in which the elec symmetrical molecules lack the electrical moments whose existence 1s a prerequisite 

2 ae ae | : for interaction with electromagnetic radiations. When an electronic excitation 
tronic, vibrational and rotational energies each suffer change. For a given elec Bhecn b aaa : h Ca ects th ee ee eee A 
tronic shift, there may be a diversity of simultaneous changes in the vibrationa ONE, Sie eee eee eee ine ee eee 

Structure is such as to make the molecule an electrical dipole capable of inter- 
and rotational levels. This accounts for th i olecula: P.. : 3 : : ts e great number of lines of m acting with electromagnetic waves. For this reason the type of information 
spectra. Transitions between two electronic levels give rise to a band system ame . : ; : Y 

: ° ° Be fie y ield am 

those between other electronic levels to other band systems. Each band in tht 8 led for heteropolar molecules by infrared rotation vibration spectra can be 
q tained in the case of homopolar molecules only in the visible or ultraviolet 

Tegions, Even then, the spectra of these bands will be due to the transitions 
y een rotational and vibrational states of the electronically excited molecules 

father than that of the molecules in the ground electronic state. Information 

i rising a single band system arises from a shift in the vibrational 

eg come per superposed upon one and the same shift between electron levels. 

ntum nc lines which make up the structure of each band are determined in 

B fashion by the possible rotational shifts which may accompany the elec- 

30; a vibrational shifts which locate the position of the band edge. 

a a may be encountered in the production of which neither electronic nor 

Spe ee transitions have occurred. Since in these the transitions are exclusively 

a? tational states, such spectra are called pure rotation spectra. Since the 

: etatés lie very close together, transitions between them involve the 

) a. or absorption of but very small amounts of energy so that the corre- 

: es rotational lines have very low frequencies and lie far in the infrared. 

din o 

2Schil, 

2 Cale 

5 Schwarzschild, K., Preuss. Akad. Wiss., Sitzber., 548 (1916). 

6 Heurlinger, T., Physikal. Z., 20, 188 (1919); Z. Physik, 1, 84 (1920). 

7 Kratzer, A., Z. Physik, 3, 289 (1920). 

7a In the light molecules, Ha, Hes, LiH, the rotational levels are more widely separated. 
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rotational transitions. The expression for the frequency of each regarding the vibrational and rotational levels of homopolar molecules _ a sa band is given by however, be derived from studies of the Raman spectra to which brief refer 
is made in another section. “7 

In general, the far infrared spectrum yields information about the rotat 
levels in the ground or electronically unexcited state of heteropolar Molecules q sik 

taneous 

e lines ° 
J 4 B= Lo ore 

h 

An] | 
locates the origin of the band and the second term accounts for the 

m 

vhich vo the near infrared region does the same for both the rotational and the Vibratia ; he rotational transition. As the rotational quantum number may either 
levels. Similar information regarding the vibrational levels of electrons ct of th jecrease by one, the lines corresponding to transitions from each 
excited molecules is obtained from the series arrangement of the visible and , ease Deana state will be located on each side of y. The impression given 
violet bands; fine structure studies of the individual bands in these regions « a! 4 as a whole is that of two bands each composed of a number of sharp 
information about the rotational term separations. To obtain similar data ol he ban es cpraetith is gittilar 40-Whiat of the “lines! of a pure. rotatian 

. the separa ; ; 
P a fh: separation of the lines composing a band gives evidence regarding 
ctrull’. ; 

| quaiita and, as has been shown in the case of pure rotation spectra, 

h can be learned of the size and shape of the absorbing molecules. 

ground state it would be necessary to utilize the experimentally more difficyy 
accessible infrared spectra, or else to use the newer Raman spectra, Beiiona 

rota 

PurE Rotation BANDS AND THE INFORMATION THEY YIELp 4 Mae. composing a band may be classified into two groups or branches. 
Spectra resulting from transitions between purely rotational states lie ing Bo ries occurring on the long-wave side of the origin has the second term 

far infrared from 50 to 2004. Those of diatomic molecules consist of a can Brive in the expression just discussed and is called the negative or P branch. 
of equidistant lines, the separation of which yields valuable information regard vies in which m is positive occurs on the short-wave side of the origin and 
the molecular dimensions. | _ called the positive or R branch. Transitions in which m does not change 

In a diatomic molecule rotating as a whole about an axis through its center ald give rise to a third branch called the zero or Q branch. Since they would 
gravity, one of the three possibilities for rotation has a zero moment of ine, ‘ate the selection principle, the Q branch is usually lacking in the rotation- 
and the other two are equal. There is accordingly only one series of rotatio sation spectra of the diatomic molecules, but is encountered in the spectra of 
quantized energy states which needs to be considered. The energies of the stal yatomic molecules as well as generally in electronic band spectra. 
are determined by the integral quantum numbers and by the moment of jnep ‘Tn the earlier attempts to interpret the successive bands ina vibration-rotation 
of the molecule. This latter in turn is dependent upon the masses of the ato ectrum, the diatomic molecule was treated as an harmonic oscillator the vibra- 
composing the molecule and their separation. It is thus evident that, since | smal states of which were quantized. The energy in a given state was denoted 
masses of the atoms are known, measurement of the energies of the varj 

rotational states should furnish important information in regard to the sizes 
the molecules. The manner in which this may be done lies beyond the scope | 
this book. This topic is mentioned merely to indicate the nature of the inforr 
tion it is possible to derive from band spectra. a 

) By = ho (v+ 4), neglecting the contribution due to rotation. The necessity 

+ the use of 1% was found empirically, but has since been justified on theoretical 

sounds which cannot be here discussed. w is the fundamental frequency of vibra- 

on of the nuclei and wv is a quantum number which may be zero or an integer. 
nv is zero (the so-called vibrationless state) the molecule still possesses the 

tional energy +4hw. Successive integral values of v then give the succes- 

vibrational states and transitions between these the zero lines of successive 

s. To obtain the structure of the band use must be made of the more com- 

expression containing the rotational contribution to the energy state. From © 
theory but one infrared band would be expected. Its zero line is given by the 
amental frequency and its structure by the rotational effects. No matter 
her the vibrational transition is from v=0 to v=1 or from v=3 to v=4, the 
line might be expected to be in the same position. (If the electronic struc- 
of the molecule be altered as in the case of band spectra in the visible and 

iItraviolet regions, the fundamental frequency is, however, altered.) Actually, 
however, the diatomic molecule is not a true harmonic oscillator; the binding 

= between the atoms is not elastic since the attractive force between them does not 
‘% increase to infinity as they are more and more widely separated. 

RE NRE AR ROTATION. BANDS | In the Betnonic oscillator the restoring force K per cm. displacement 2 of the 
toms from their equilibrium separation is proportional to this displacement. 

The wave-number of a rotational state is given by noe m(m +1) in which m may 

zero or an integer and J is the moment of inertia. A selection rule states that | 
quantum number m may change by only one in a transition producing a line. The 
fore, the wave-number of a line in this spectrum is given by the difference between t 
such terms, one having an m value one greater than the other. The expression fot 

given line reduces to pera m. The wave-number separation of a series of such lit 

corresponding to successive integral values of m thus permits of a calculation of J, t 
moment of inertia of the molecule. From the moment of inertia and the masses of ° 
atoms, it is then possible to calculate the radius of the separation of the atomic nuc 
In exact work, a slight correction is required for a change in J due to centrifugal fot 
in the higher rotational states. i 

Absorption of a larger near infrared quantum produces a transition betwe 
vibrational states and is responsible for the production of a band. The correspot 
ing wave-length, if there were no accompanying rotation, would locate the pt 
tion of the band and would be called the zero line. Actually the absorption spec 

of diatomic molecules fail to show this line since a selection principle requi 
that there be a rotational shift accompanying each vibrational transition. | ig ee ee | x 
previously stated, the series of lines composing the band is caused by a series A : Be 

i ) K=~-az 

the true frequency is related to a by the expression 
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in which c is the velocity of light, v the wave-number of the fundamenta] 
and » the “reduced mass” of the molecule, by which is meant the Product «¢ 
masses of the two atoms divided by their sum. In the case of the non-ha of 
oscillator, it is necessary to employ a power series in writing the bin dine 

between the atoms, . § fo 

q , of visible or ultraviolet radations. The early development of the theory 

tion a eurlinger, to Lenz 11 and to Kratzer.?? 

ue u ccompanying a single given electronic transition belong to the same 

pines F The various bands within the system are ascribed to the accom- 
. j ational transitions and the lines within the bands to the rotational 
ing ough but a few bands of the ground electronic state can be observed 

s y d spectra, in the visible and ultraviolet band spectra a larger number of 
nfrare' esponding to quantum numbers as high as ten or twenty may be 
Is ed some cases it is possible to follow the asymptotic convergence of 

yee. ve bands toward a limit. This implies the gradual disappearance ot 
pinding force between the atoms on increased separation during vibrations. 

a considerations relating the various bands (taken from their zero lines) 

a other are similar to those in the case of the infrared vibration-rotation 
a and similarly, the structure of each band is analogous to that of. the 

fre 12 

K=—as+be?+cz2 ... . 

This means that higher powers, at least the second, of the vibrationa] 
number must be employed in expressing the vibrational term wave-ny 

v= (v i 4) wo os (uv ci V4) 2709. 

Here # is a factor for the anharmonicity of the binding and determineg bya 
cofficients in the power series written above. The differences between S 
terms responsible for the origin of the bands are thus equal to w — 2r 
This makes it evident that several bands corresponding to different y 

mber ; 

success! 

UCCegg 

O(u+ 
alues 0) 

may appear in a system. From this relation it appears that the separation of ; o band, a Q branch being also usually present. The close packing of the 
successive bands of a system tends to decrease as the quantum number attains pf, a: the head of a band often makes it very difficult to disentangle the band 
values. Actually only a few bands are usually encountered in the near infra. 
spectra. | a 

In polyatomic molecules,’ there may be several modes of vibration, includ; 
deformation vibrations in non-linear molecules. The resultant band spectra a 

duced as a result of the interplay of these various forms of motion may be ¢ 

acture. During the electronic shift there is a change in the structure of the 
Bele which involves a change in its moment of inertia. 
mm line is given by an expression which involves a term for the contribution 
4 to the electron shift, one for the vibration shift (together with a second power 
rectiflg term for the anharmonicity of the SaeTmey Tate a term gan the romans 

complex. The near infrared spectrum of ammonia, for example, containg together with a ‘ig aie term introduced because of the change of the 
: : BL. Ss wz inertia d the electronic shift. The structure of the band is thus given a a of inertia during ; ; g bands. In each series of bands those involving transitions between states of higt a . + bm =§ cm?, in which b is approximately 1/47°I, the I referring to the lower 

quantum numbers decrease rapidly in intensity, so that those capable of yieldi xctronic state. The constant c (about 0.1b) may be positive or negative and corrects 
accurate measurements are relatively few. : 4 + the change in the moment of inertia. When negative, as m increases, it yields the 

‘Raman Spectra. Much of the information regarding the vibration ¢ > branch. a ag (ihe fh pote ete adh pi : irae eceah ah omens Ana ° * t , . ; - 1 cm exceeds Mm L e lea O ; = anc SO a wi ar Vv S| 

ere OF TeoNe dene Ss aad er is aniteiee epanse by obser aa of th , decreasing series with increasing spacings of the lines. The position of the head of 
: 5 Up e scattering or visible and ultraviolet monoc romatic radiatio: nd depends on the ratio of b to c. _When ¢ is negative, the head occurs on the 
in 1928, Raman ® observed that the ordinary radiation scattered by molecules frequency side of the origin. Negative values of m yield the P branch; these 
dust-free liquids or gases contains, besides the radiation of the same wave-lens s will a se ae ia: ssibarnt tee pov oon. se edetin a a sarees 
as the incident light, still other wave-lengths, usually of lower frequencies, togett ee Da SASSO ORME Ser eae ee 
with some lines of lower intensity but of higher frequencies. The wave-numbers. 
corresponding to the. shifts of the frequency of the new. lines in the scattey 

he Q branch lies between the R and P branches. 

The complete interpretation of the band spectrum of a compound is a matter 

radiation from the frequency of the incident radiation are in general related 
the frequencies of infrared bands. The importance of this new tool led to 

#f great difficulty largely because of the great number of energy states which may 

large number of investigations of a wide variety of substances, solids, liquids, ga 

be possessed by a molecule. Even the classification of the lines into the bands, 
series of bands, and electronic band systems is rendered very difficult because of 

and solutions. The information secured with Raman spectra on the structure 
organic molecules has been reviewed by Dadieu and Kohlrausch.1° 7 

verlapping of the various structural units and because the electronic energy 
es, like those of atomic spectra, exhibit multiplicity. The early development 

The discussion of the physical aspects of the Raman effect lies beyond t 
scope of this work. Its value consists in part in the fact that it permits a dete 

i the theory 1* was based upon a formal analogy between line and band spectra, 

mination of frequencies of vibration of molecules in their ground states and 

the electronic terms of each involving various quantum numbers; similar selection 
principles were used. The systematization of the relations between the electronic 

Bak anithiae vt is -alao applicable to homopolar. molecules _ ctures of diatomic molecules and the nature of their band spectra is due in 
q itge part to Mulliken,!* who proposed a notation for designating the state of 

Exectronic BAND SPECTRA ‘. tach electron and of the molecule as a whole. 
; h: | 

Electronic excitation is the chief alteration produced in a molecule by t a lenz, W., Verh. deutsch. Phys. Ges., 21, 632 (1919). 
- ‘’ Kratzer, A., Ann. Phys., 67, 127 (1922); 71, 72 (1923). 

soeMecke, R., Physik. Z., 26, 217 (1925); Z. Physik, 28, 261 (1924): 32, 823 (1925); 31, 709 
1925) ; 36, 795 (1926); Naturwiss., 13, 698 (1925). Hund, F., Z. Physik, 36, 657 (1926); 51, 759 
(1928); Birge, R. T., Nature, 117, 300 (1926). - 
* Mulliken, R. S., Proc. Nat. Acad. Sci., 12, 144, 151 (1926); Phys. Rev., 29, 391, 921 (1927); 
» 138, 150, 175, 785 (1927); 32, 186, 761 (1928); 33, 730 (1929), 

re Sey ee D. S., Chem. Rev., 11, 369 (1932); Dennison, D. M., Rev. Modern Physics, 
0 9 A 

®Raman, C. V., and Krishnan, K. S., Nature, 121, 501, 619 (1928); Indian J. Physics 
387 (1928); 6, 263 (1931); Trans. Faraday Soc., 25, 781 (1929). The effect was independet 
discovered by Landsberg and Mandelstam, Naturwiss., 16, 557 (1928). q 

10 Dadieu, A., and Kohlrausch, K. W. F., Ber., 63B, 251 (1930); translation by Hollaender, + 
J. Opt. Soc. Am., 21, 286 (1931). Hibben, J. H., “The Raman Effect and Its Chemical Application 
Reinhold Publishing Corp., New York, 1939. 

3 

» Other important contributions were made by Birge, R. T., Phys. Rev., 27, 245 (1926); Kemble, 
nC, Z. Physik, 35, 286 (1925); Proc. Nat. Acad. Sci., 10, 274 (1924); Phys. Reve 26° 1" €1925); 
staizer, A.. Z. Physik, 33, 144 (1925). The subject is one for a specialist. 
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In analogy with the S; P, D. .. . terms for atoms there are Tecog : Band Spectra. Since different isotopes of an element have 

3,11, A terms for molecules, "These correspond to, the successive Values J topes a omenta of inertia of molecules containing different isotopes 
quantum number A (0, 1, 2). While in the atom, the orbital number J, giy . ent masses: the a BO yegdhe We Gaads'in the yisible-ot airhyisiee tite to 

resultant orbital angular momentum of all the electrons, in the molecule 4 be - Bi have one and others another isotope will be characterized 
presence of the two nuclei introduces certain complications. But, since 
internuclear line is still an axis of symmetry, the component of the orbita] anal 

_momentum along this line remains a constant, which may be measured jn wid 
h/2r. As in the case of the atom, the resultant spin angular momentum a 

cules Bomne i £ the lines. The bands themselves are also split and superposed. 

du Be ce of isotopes of carbon (13), nitrogen (15), oxygen (17) and of 
ee cents were predicted from the data of spectroscopy before they 

& the use of the mass spectrograph of Aston. The oxygen isotope 
wh 

F; a othe 

the electrons serves as another quantum number S. Dependent upon its a . found by d in this manner by Giauque and Johnston in 1929. In the 
(0,14,1...) there may be singlet, doublet, triplet states of the molecule, 4 ) was detecte a of isotope mixtures, there is a splitting of the zero posi- 

a: pectr ‘ : 
Beni a ds due to an electronic shift between ‘“vibrationless” states. Its 
“of the 

| paar ti he “non-vibrating” molecule is actually in vibration since 
tence 10 De ccites in this state ae energetically different. The occurrence 

pisotop”™ Resin makes certain the existence of a “zero-point” energy of vibra- 
this ee nts for the use~of (v + %) in the succession of vibrational terms 

oe Pr hidlas for the zero lines of bands. : . 

at ts have been made to effect a separation of isotopes by photochemical 

g Sahn and Martin 2° irradiated phosgene with monochromatic light 

26 179 A) obtained from an aluminum arc by the use of alter®: and found ne 

*serated chlorine showed a slight excess of Cl? Zuber effected a partia 

a” of the isotopes of mercury by photodxidation by the aid of a filter which 

ted only the hyperfine components of a spectral line capable of exciting 

et ceview of the nature and structure of molecular spectra is intended 

serve as an indication of their importance in yielding data of fundamental. 

multiplicity is given by 2S+1 and is denoted in writing a term by an up 
left-hand index before the term symbol, which is derived from the value ofl 
The #3 represents a state with A=0, S=%, a 11 term a state with A=] 
and a *A term a state with A=2, S=1. As with atoms, S is integra] a h. 
integral depending on whether the total number of electrons in the molecule 
even or odd. The multiplicity is even for uneven electron numbers and une 
for even electrons. Other features of term designations may be found in special, 
treatises. H 

It is unnecessary to discuss here the various selection principles which ha 
been given to account for the relative frequencies of the transitions betul 
various molecular energy states. Much is known in regard to the lives of q 
excited states, but the methods by which these may be calculated by means 
the Schrodinger equations are primarily of interest to the specialist. For elect: 
transitions in the wave-number range 104-105 cm.-!, the excited states have a ] 
of about 10-8 second. For transitions in vibration frequencies in the range 5 ; 
10?-10% cm.-1 the life of the excited states is of the order of 0.01 second. The ly YW to many branches of chemistry. In the detailed discussion of photo- 
of rotational states may be even longer. ae ons in the remainder of the book we shall be concerned with 

Account must also be taken of the existence of the spins of the nuclei, infc molecular spectra only in so far as they yield information regarding the Ne 

mation about which is yielded by studies of the alternating intensities of the lir i a photochemically reacting molecule. When by the absorption of energy a ois i 
in a band of a homopolar molecule.1®6 If the two spins oppose each other, ¢f ile ‘s raised to successively higher and higher vibrational states, it may ah sere O 

molecule is called symmetrical and if they are in the same direction, itis caf dissociate when the requisite amount of energy has been absorbed. Usua ie ove 
antisymmetrical. Wave mechanics indicates the probability of the existence | ever, for a vibrational state producing dissociation to be obtained by a molecule 

-antisymmetrical hydrogen to be three times that of symmetrical hydrogen. On absorbing in its ground state, quanta great enough to produce ae electronic pee 
nary hydrogen behaves as a mixture of two gases. The discovery of the existen tion are required. The electron shift alters the binding of the atoms in suc 
of this mixture was a spectacular outcome of the work on band spectra. At ve manner that the excited molecule upon the simultaneous es = ae 
low temperatures all of the hydrogen is in the symmetrical form. Bonhoeffer a1 requisite amount of energy may be raised to a vibrational state which fal ade 
Harteck have found charcoal to act as a catalyst for the conversion of one form ' dissociation. ‘This is the most frequently occurring primary process 11 photo- 
to the other. The two forms have different specific heats and the change in tl chemical reactions. The applications of band spectral data to the interpretation 
proportion of the two effected in the presence of the catalyst can be demonstrate of photochemical processes will be considered in more detail in the following 
by a change in the heat conductance. The antisymmetrical form has been denote chapter. | a 
ortho- and the symmetrical form as para-hydrogen. In hydrogen at room tet _ The following are sources of information on band spectra for readers desirous 

peratures, there is three times as much ortho- as para-hydrogen. The existene of obtaining a more thorough discussion, including the mathematical treatment, 

of these two forms of hydrogen was predicted by Heisenberg17 and by Hund of band spectra. 
Bonhoeffer and Harteck later made detailed studies of the physical properties ¢ — Books 
the two forms.19 Adsorption on charcoal at liquid air temperatures gives prat i Pemble EC Birge, R. T., Colby, W. F., Loomis, F. W., and_Page, L., Report of 
tically pure para-hydrogen. | 7 the Mnitize on Radiation in Gases of the National Research Council, 11, Pt. 3, lL. 

E (1926). ; 
ij | :... W., “Report on Band Spectra of Diatomic Molecules,” Cambridge Univer- 

Sity Press, 1933. 

Kuhn, W., and Martin, H., Naturwiss., 20, 772 (1932); Z. physik. Chem., 21B, 93 (1933). 
 *Zuber, K., Nature, 136, 796 (1935); Helv. Phys. Acta, 9, 285 (1936). 

16 Mulliken, R. S., Trans. .Faraday Soc., 25, 634 (1929). wt 

17 Heisenberg, W., Z. Physik, 41, 239 (1927). _ _ 
18 Hund, F., 2. Physik, 42, 93 (1928); see also Dennison, D. M., Proc. Roy. Soc., 115, 483 (1927 

19 Bonhoeffer, K. F., and Harteck, P., Naturwiss., 17, 182, 321 (1929); Z. physik. Chem., 4B; 1 
(1929); 5B, 292 (1929); see also Eucken, A., and Hiller, K., Zbid., 4B, 142. (1929).. ~ 
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K i J itt | ” . “a fe York a ee Band Spectra and Molecular Spectra,” The Macmillan Company 

Ruark, A, E., and Urey, H. C., “At 9 — 
Company, Inc., New York. 1930, oms,, Molecules and Quanta,” MeGraw- Fil Book 

Sommerfeld, A., “Atomic Structure and Spectral Lines,” translation by H. Brall E. P. Dutton and Company, Inc., New York, 1935. 
wee E. C. C., “Spectroscopy,” ITI, Chapter IV, Longmans, Green and Co., London 

Chapter 14 

7 Spectroscopic Evidence for Dissociation as the 
Griffith, R. O., and McKeown, A., “Photo Processes in Gaseous and Liquid Sua Pri mary Py oto ch e mi Cc al Pr ocess 

tems,” Longmans, Green and Co., London, 1929. 
Sponer, H., “Molekiil Spektren und Ihre A i P 

2 vols., J. Springer, Berlin, 1935-6. ie aii at Beralece Probleme» 

Herzberg, G., “Molecular Spectra and. Molecular a i q Mane ork? 1020, Structure, Prentice-Hall, Inc, 

B, 
It is now necessary to consider the manner in which the stability of a molecule 

Ris a limit to the amount of vibrational energy which it can absorb and still 

| temain a molecule. The guiding principle is that a molecule either in the ground 
7 . or, as is more commonly the case, in one of its electronically excited states, 

4 bsorb more vibrational energy than corresponds to its work of dissocia- 
REVIEW ARTICLES 

Mulliken, R. S., Chem. Rev., 6, 503 (1929) ; Rev. Modern Physics, 4, 1 (1932) a ‘cannot a dead ote 

Rabinowitsch, E., 2. Elektrochem., 37, 91 (1931) ; 38, 370 (1932). - ‘tion without falling apart into atoms or, if it is a polyatomic molecule, into atoms 

Villars, D. S., Chem. Rev., 11, 369 (1932). ‘’ 7 Bad free radicals, or two free radicals. 

Hund, F., Z. Elektrochem., 36, 596 (1930); Physikal. Z., 28, 779 (1927). ‘The present viewpoint may be said to have taken its origin from the work of 

Urey, H. C., Ind. Eng. Chem., 23, 1241 (1931). Franck on the dissociation of molecules by electron impact. Blackett and Franck } 

Mulliken, R. S., J. Phys. Chem., 41, 5 (1937). found experimentally that a hydrogen molecule can be decomposed by one col- 

Noyes, W. A., Jr., J. Phys. Chem., 41, 81 (1937). “fision, a continuous spectrum appearing at the same time. They suggested that 

Weizel, W., Physikal. Z., 34, 425 (1933). the first effect of the collision is to raise an electron suddenly to a higher level. 

Johnson, R. C., Sci. Progress, 22, 231 (1927). ‘Tn this new configuration there is a large repulsion between the nuclei great 

Schofield, R. K., Sct. Progress, 24, 572 (1930). enough to split the molecule into a normal atom and an excited one, both atoms 

Kronig, R. DeL., Physica, 9, 81 (1929). having high velocity. Franck? extended the concepts derived from these experi- 

Symposium of the Faraday Soc., Trans. Faraday Soc., 25 (1929). “ments to an interpretation of photochemical dissociation. In this case the excita- 

| tion of the molecule and its resultant dissociation are produced, not by a collision 

with a rapidly moving electron, but the absorption of a quantum hv equal to 

of greater than the work of dissociation of the molecule. If the separation of the 

atoms during a vibration becomes great enough to overcome the binding force 

“between the nuclei, the atoms may fall apart. It was, however, well known that 

“quantities of energy larger than the work of dissociation may be absorbed by 

molecules without destroying them. Franck explained this by showing that in 

such cases not all of the absorbed energy is available as vibrational energy. Instead, 

a large part of the absorbed energy is consumed in raising the electron system to 

a higher quantum state, the remaining energy being available only for changing 

the vibrational and rotational states. Since the rotational quantum is but small, 
‘the effects of a change in rotational energy may be neglected. The problem may 

_ thus be reduced to that of the stability of. the molecule in its various electronically 

excited states with respect to vibrational energy. Franck prepared: potential 

energy diagrams in which the potential energies of the vibrating atoms are 

plotted as ordinates against the separation of the atoms as abscissae. Before 

considering these curves and their relation to spectroscopy, it may be simpler to 

consider the manner in which molecular spectra indicate the occurrence of 
_ dissociation. | | | 

: INTERPRETATIONS OF CONTINUOUS REGIONS IN SPECTRA 

| In Chapter 2, it was stated that in atomic spectra the lines of a series converge 
toa limit. On the short-wave side of this limit the spectrum is continuous. This 
i): 

1 Blackett, P. M. S., and Franck, J., Z. Physik, 34, 389 (1925). 

2Franck, J., Trans. Faraday Soc., 21, 536 (1926). 
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Dymond,’ observed this 
| eriod of about 10° second. j , 

jorescenc® .. ae excited by the absorption of long echoes dope a 

escence * Bd light had only wave-lengths less than about 5000A, the reg 

was interpreted as indicatin 
latter thereby becoming an i 
because the motion of the 

g the separation of an electron from an ato 
on. ‘The absorption is continuous rather than discms 
electron on leaving the atom is not quantized ay a por rescence could no longer be velocities with which the electrons are ejected from the various atoms Presenyll st 4 B ntinuous: renee ee ee longer present and so could the absorbing gas vary continuously and are not limited to definite values. i f a # an indication that t ie Similar observations were reported by Bon- quantized energy levels correspond to non-periodic movements. During the od o. fait their energy of excita oa test for diseociation:is limited to very low | ess of ionization the electron changes its motion from a periodic one in an , . Bee ead Farkas. The counties the pressure is high deactivating collisions to a non-periodic one in the hyperbolic path which carries it away from the a ‘sy res of gas OF vapor, free ate the excitation energy and so extinguish When at a sufficient distance from the ion the electron moves in Practically ee frequent and sleet s tion by direct absorption did not occur. Errors straight line. It may have any kinetic energy depending upon the amount 4 § scence even though ie e s a result of the recombination of atoms to form which the particular wave-length absorbed exceeded in energy the amone the emission of ra iation - as been noted in Chapter 13, free atoms rarely required for the ionization. Since in the light producing the ionization there me, vecuiles rarely arise, since, ‘ the emission of theif excess energy.? be present. quanta varying almost continuously in magnitude, atoms absorbins . rm molecules wi abi fo dvanced to support the 

mbine 1° f experimental evidence have been a 
e types Of exp Other ° M4 s 

ultin 

¢ direct dissociation. One method ane Spec ge calearncnae ak: Wh Was : { ine ory ° ir characteristic absorption lines. lo eee ; their charac found that iodine ee atoms 2g iodi lecules do not. ‘Turner toun ; et : rongly, but iodine mole : : this 
330.4 Pedited by a carbon arc shows an increased Neste = ae 

apr. EP iratin the presence of iodine atoms, Senftleben *” demons measured 
ne, inde a atoms can dissociate hydrogen. The dissociation was 

any quantum, A, more than sufficient to produce ionization, will give kinet energy to the electrons and the ions corresponding to the excess energy, Bu atoms ionized by quanta corresponding to a wave-length infinitesimally ‘ that corresponding to A will produce electrons having 
kinetic energy. Thus when a wave-length band of 
required to produce ionization is absorbed, the electrons 
with continuously varying kinetic energies. 

nfinit near 4 
an infinitesimally Lreate, 
energy greater than thas } 

produced will be endoywe 
Thus it is that in atomic line spectr, a continuous region beginning at the convergence limit of a series marks th. ance in the heat pendusitriy ae Se ee “ aie 444 tedhethod. to. frequency which corresponds to the work of ionization. “] resistance of a wire kept in ‘ 3 talowens on irradiation. That the energy A similar ionization of a diatomic molecule can occur but is rarely of photo show the direct dissociation o ie ST Lasatton appears as kinetic energy of chemical significance. Before ionization of the molecule could be q ired for attained, the energies required would be usually more than sufficient to break the molecule into atoms. The effect of dissociation upon the appearance of the spectrum is however, similar to that of ionization. a 

Before dissociation, the atoms of a molecule are vibrating to and fro on the line joining their nuclei. With increasing increments of vibrational energy they are separated more and more widely at each oscillation. When the separation becomes great enough the restoring force between the atoms becomes reduced " zero, the vibratory motion between the atoms ceases, and the atoms become separated, Since the kinetic energies with which the atoms move are not quantized, the 
absorption spectrum becomes continuous at wave-lengths shorter than that which 
corresponds energetically to dissociation. It must be noted that the molecule which dissociates rarely is in its ground electronic state. Therefore, the energy of dissociation need not be expected to coincide with that required for thermal 
dissociation. The wave-length at which the spectrum becomes continuous repre- 
sents the convergence limit of a series of vibrational states of the dissociating 

% molecule in the electronic state from which dissociation occurs. Dymond 3 found : : the frequency of the a continuous range in the absorption spectrum of iodine vapor. Bonhoeffer and that the kinetic energy of the EPGTe aA ee i ortine to Birt Steiner,* as well as Tingey and Gerke,5 reported a continuous region in the irradiating light is increased beyond a deecal and methyl cyanide, when decom- absorption spectrum of hydriodic acid. a _ Polyatomic molecules, as sea me a seed tisute eee deican ation i, Corroboratory evidence for the theory that a region of continuous absorption posed by radiations within the Schumann reg l 
: 2 ictic bands.2?2 = Still : : as . ' cc i taneously emit characteristic ban implies dissociation was soon forthcoming from measurements of the fluorescence such as OH and CH, which spontaneously : 

q in excess of that req dium os was demonstrated by Hogness angi Hranek er ieee Cea ei bs fe 
the a ; jation yields a norma : - r at 650°C. The dissocia oa, . The By codium atom, the latter spontaneously eee the ane Dated ee 
excl var Z h of the light from a m =, fect (shift in wave-length o ; : tom when Doppler effect (st the kinetic energy of the sodium ato ali secure information as to the hen 2 ‘ E ths 
a By the dissociation of the sodium iodide vapor by various ial abe es d 
Bees the Pegicn of continuous absorption. The Doppler a ae nese 
.. relative transmission of the emitted light by a layer A a ea oiWeae 

a n only absorb the D line. When the dissociation was e en fa se 
Be civing effective intense radiation only Ape neighhornacd,2 el E eal: wig arc j i bed by sodium vapor. + 3s t of the emitted light was absor h able of giving i horter wave-lengths (cap ; | as a cadmium arc emitting s ) itted Pas Wnt encrey to the dissociated store), oly 76 pes cont of eis more i ith the still s tie bsorbed by the sodium vapor. With t 
a a * (2139-20264), the Doppler effect was increased to such ap Sens at 

but 50 per cent of the emitted light was absorbed. In this way it cou 

of vapors at low pressures. It was stated in Chapter 12 that when the pressure 
is low, so that collisions are rare, excited molecules re-emit their excitation energy 

™Dymond, E. G., loc. cit. : ne eet: 

. d Farkas, L., Z. physik. Chem., " . | z 

— i pee ne A., Z. Physik, 50, 366 (1928); 56, 353 (1929); Trans. Faraday 
n ondratjew, “5 F) ) 

_ Soc., 25, 736 (1929). 
20 Senftleben, H., Z. Physik, 32, 922 (1925). seas 

" BHogness, T. R., and Franck, J., Z. Physik, 44, 26 ( a) 
2Terenin, A., and Neuimin, H., Nature, 134, 255 (1934). 

®’ Dymond, E. G., Z. Physik, 34, 553 (1925). 
* Bonhoeffer, K. F., and Steiner, W., Z. physik. Chem., 122, 287 (1926). 
5 Tingey, H. C., and Gerke, R. H., J. Am. Chem. Soc., 48, 1838 (1926). 
® See also Leifson, S. W., Astrophys. J., 43, 73 (1926), for other gases. 
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other lines of direct evidence for the liberation of free atoms and fre 
such as the conversion of para-hydrogen to ortho-hydrogen, and the 
free radicals on metallic films, have been advanced. There is now general ag 
ment that photodissociation in a single act of absorption may occur as a ra 
of a primary absorption process. In the case of the reactions of gases Which , 
tain a small number of atoms, the nature of the absorption curve of the g 4 

q nation of a parabola (Figure 107) with its two branches meeting 
Bethe oo ‘ibrium distance between the nuclei, 79, being measured from the 

eg, the ca” a vibration from the point of greatest separation of the atoms, WH 
in. ae cerey follows the course of the curve. When the atoms are far 
potenti ; tive forces of valence require that there be a great potential energy. 

rt the ee toward each other, this becomes transformed into kinetic energy. 
m 

: Tadic 

effect. 

as e. , : ‘ ‘ 
a reliable criterion for the occurrence of dissociation. When the absorption they ‘librium point the potential energy is zero, all the energy being kinetic. 
within a continuous region, the result is dissociation. In the case of very Compt the Fic energy carries the atoms closer together, the energy again becomes ii 
gaseous molecules containing more than about six atoms, the evidence fe the suse the repulsive forces of the nuclei tend to keep the atoms from | | 
spectroscopy is less definite, since the banded region is not well markeg in 4 ential ether. The position of equilibrium (determined as described in the i 
spectra. In reactions conducted in solution, absorption curves afford little ord in os apter from rotational term separations) depends upon the relative i 
evidence regarding the nature of the primary process. (See Chapter 20.) 5 . of the attractive and repulsive forces of the atoms. If the molecule i 

hes _ denoted by A on the ordinate, a line parallel to the abscissa | 
FRANCK’s PoTENTIAL ENERGY CURVES esses enlersy | 

In his Faraday Society paper, Franck visualized the distinction between ¢ 
dissociation of excited states of molecules and their stability in the ground sta 
by the aid of the potential energy diagrams reproduced in Figure 106. In eo 

f 

pycuRE 107. bik 

q Potential Curve and Vibrational 

Terms for Harmonic Vibrator (Ra- 

binowitsch, Z. Electrochemie). 

4 Z = Elongation . | A 

y = nuclear separation 

a7 — To 

Pot.Energie P bezw. lermgréBe F 

i 

Ficure 106. Potential Energy Diagrams of Franck (Transactions of the | a : h A would cut the curve in two places. These determine the dis- 
Faraday Society). jrawn throug 

es between the atoms at the extremes of its vibrations when it possesses this 

mount of potential energy. At these distances from the equilibrium position 

total energy of the molecule is potential ; there is no kinetic energy. The 

toms, changing their directions, are momentarily at rest with respect to each 

ther. At any other distance between the atoms, as for example, at A’, part of the 

rgy is potential and part kinetic. By dropping a perpendicular from this point 

ee oe of the three diagrams, the lower curve applies to the ground state of a molecu 
and the upper curve or curves to various electronically excited states, rl 
differences between the upper and lower curves are intended to illustrate tt 
manner in which the change in electron configuration alters the stability of th 
molecules. To understand the nature of a single one of these curves, it is simple ee See Ts Aaa sae fe b 

i i i ; tf : i i hat the relative fraction which is potential is given by to consider first the discussion of the meaning of the curves as described f he abscissa, it is evident t 
rati ‘BA’. Si e vibrational states of the molecule are quantized, the 

NOTE GG stutec #8 Chagte Tye epes as te naa eae p Fiat oe the ft a in its permitted states are obtained by drawing 

pS SEAR ne cae aca deals Ree eae ee a a series of equally spaced lines parallel to the abscissa. The extremes of separation 

of the atoms in each of these vibrational states are given by the points at which 

ach of these lines cuts the curve. The equal spacing of the lines corresponds to | 
Successive integral quantum numbers. | ie \ 

It is to be especially noted that the first of these, the so-called “vibrationless 
‘State” is so drawn as to indicate that even in it the molecule is vibrating with one- 
half the energy corresponding to its fundamental frequency. It may be recalled 
lat account was taken of this “zero-point energy” in the equation for expressing 
he wave numbers of vibration band zero lines in terms of a transition between 
States. (Chapter 13.) 

ae Oe eT 

K=-azg 

This means that the restoring force during an harmonic oscillation is proportion 
to the displacement zg on either side of an equilibrium separation of the atoms 0 
diatomic. molecule. Integration yields the potential energy: 

- 
le 

L 

° 

ag? 
P (an rere 

a 

13 Rabinowitsch, E., Z. Elektrochem, 37, 91, 370 (1931). 
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| ding to the successive quantum numbers are drawn in, as in Figure 107 

Poarmonic oscillator, the first two or three would be widely and approxi- 
Since real molecules are not harmonic oscillators, certain changes = j 

ust : : : 
1€ qually spaced. But with successively higher quantum numbers, they 

made in the form of the potential energy curve, which nevertheless retai_ 
parabolic form near the equilibrium point. The value of +, the anh “Ing 
factor in the expression for “ : - i atmon; y re and more closely spaced (Figure 108), eventually converging at 

the Mevinsn:? P He ia a vibrational term Fy (ut Z)o (V+) 2x a me mo which dissociation occurs. In comparatively few molecular spectra, 
ion trom the ideal curve to a first approximation. The deviations ye. pee and iodine, is it possible to trace the convergence of a large result from the necessity for the use of terms in higher powers in the e - ply chlorine ) Su 

‘XPress 
10ns ¥ s 

Case a 7 

branch d 

for the force of attraction of the oscillator. The effects of the deviat Expands; t0:2 seaside aR QHE ON, WHE inareales og? Beak iot Rascal. 
harmonic oscillations are such as to make the repulsive forces incr rapidly than linearly as the atoms approach each other, so that the left 
the curve must be steeper than that of a true parabola. The attractive fon. ae 
longer Increases regularly with the separation. Instead, it attains a mas i: 5 108. oo. 
at a certain distance of separation of the atoms, after which it becomes a ~ tial Curve and Vibrational Terms for 
and the right-hand branch of the curve changes direction, and finally, at 4 a Pot onic. Vibrations (Rabinowitsch, Z. Elec- 
separation of the atoms asymptotically becomes parallel to the absciet ( s, i 4 i? 

lower curves of Figure 106.) This means that the atoms no longer attrac. a 
other, so that, after attaining a certain separation, they may move away ¢. q 
each other independently and the molecule is dissociated. The value of thel if z 
at which the curve becomes horizontal represents the energy required for ail , 
ciation. 1s 

In the schematic curves drawn by Franck to illustrate the behavior of y 4 
hypothetical molecules (Fig. 106), a deep curve such as I(normal), repre oe 
stable molecule, since the dissociation energy is great. One such as ITI ee 
nearly SO stable, since the dissociation energy is less. The minima for the ol ee. | 

ae ; ee i aie Sb a ig situated at heights vee represent the elect 01 From the separations of two or more bands, Av = wo(1 — 2vx) it is possibly to derive 
rotationa ) energies of the non-vibrating electronic states. The enerey - aiues of the fundamental frequency of the molecule wo and of its anharmonicity +. From 

the dissociation of the excited molecules is measured only from the Soll ; hese, it was believed that all higher terms might be obtained on the assumption that Ay 
energy of their minima. To dissociate such an excited molecule photochemie: linear function of v, decreasing as the quantum number increases. At the conver- 

! raf ve : } : s limit, where Av is zero, v is given by 1/2%. The total energy absorbed is then 
would require in addition to this energy, the energy required to form the excite ntegral of AF, between the limits »=0 and »=1/24% or w/4r—w/2, To this there . 
state from the original ground state. } 7 3 st be added the zero-point energy w/2, so that the heat of dissociation would be equal 

The various curves illustrate the fact that the excitation of a molecule m hw , 
either weaken, strengthen or leave unchanged the binding strength of the ato; 
in the ground state. In I, which shows curves for a molecule in its ground ste 
and in two excited states, a,a’, the excitation progressively weakens the bindit 
force. Not only does the energy of dissociation lessen, but since the attracti 
force is weakened, the separation of the atoms at equilibrium also becomes pr 
gressively greater with successive states of excitation. Should the absorptio 1 
light which produces the electron transition be represented by drawing a vertic 
line upwards from the minimum of the curve for the ground state, it would: stril 
the curve for the first excited state at a point indicating a potential energy great 
than that (D’) required to dissociate the excited molecule. Its atoms woul 
therefore, fly apart as the vibration traced the curve for the excited state. TI 
type of molecule is encountered in the halogens. " 

The second part of the figure illustrates the case in which the strength of 
binding is independent of the state of excitation. 

Section III indicates the case in which the binding is made firmer by excitatiot | ) 
so that the moment. of inertia is reduced. Examples are such loosely bour 3 tee R. ae ane Spenser, er tee ey, 28, 259 (1926). apes ris of evaluating heats 

: a Ok a a O dissociation from the long-wave limits of continuous spectra and from predissociation spectra are 
molecules as Cd or Zny for which the heat of dissociation is of the order of le esasionally employed but ned 4 be discussed here. 3 : ¥ 

than one kcal.™4 | _®Birge, R. T., Trans. Faraday Soc., 28, 707 (1929). 
For the application of the Birge-Sponer method to the determination of the heats of dissociation oa 

, If in such i five ' | a Be potential energy curves, the horizontal energy levels for the term organic compounds from their infrared absorption curves, see Ellis, J. W., Phys. Rev., 33, 27 (1929). 
 8Condon, E. U., Phys. Rev., 28, 1182 (1926); 32, 858 (1928); Proc. Nat. Acad. Sci., 13, 462 (1927). 

yber © 

attract ‘ 4 

most cases, the bands become weak while still far from the convergence limit 
7 only a limited number of the vibration quanta can be measured directly. 

‘ge and Sponer !> devised a method of extrapolation to obtain the convergence 

o For a graphical solution, Av could be plotted against v and extrapolated to 

Ay =0, that is to v = 1/2x, the area under the curve giving the heat of dissociation. 
_ Application of this method gave results for the heat of dissociation which in many 

‘were far too high in comparison with values obtained from thermochemical data. 
me to be recognized that the equations employed were not strictly valid and that 
esults were frequently uncertain when but few vibrational bands could be measured 

and employed in the extrapolation. Near dissociation, the drop in the separation of the 
tional bands often seemed to be accelerated. Birge**® modified the extrapolation 
ods. In the method suggested by Birge, w» is plotted against the energy of vibra- 
Eo, = Zo». By the use of the improved method the following values for the 

ats of dissociation of various gases (expressed as electron-volts) -were obtained: 
1, 026.0, NO 6.6, CO 10.3.” 

Although Franck said little in his Faraday Society paper as to the manner 
in which the potential energy curves were obtained, the fertility of the concepts 
they expressed and their value in the interpretation of the various types of photo- 
chemical mechanism were quickly appreciated. Condon18 devised methods of 

18] “ 
* 

* 

ri 

. 

(a) 

a 

\ 
“Winans, J. G., Nature, 123, 279 (1929); Phil. Mag., 7, 555 (1929). 
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x aided le need not be in the ground 1 d on dissociation of a molecule n ) 

yt the oa or both might be liberated in an excited state was dis- 

put _ 3 “Tf such should be the case it is evident that the apparent value 
me Prancs- 1b ‘ation would be greater than the thermochemical value by the 

treating the curves more quantitatively from the standpoint of quantum mea. 
and used them in explaining the distribution of the intensities of the lines “a 
tered in band spectra. He conceived an electron transition to occur with 
extreme rapidity that the light electron moves to its new orbit in 4 time g s Becat of dissoc LS SL AEN ATER. 
that the heavier and more slowly moving nuclei undergo practically no ‘ 4 A rs excitation. If then the cee saab pec eagd amare ER RAEI 
in position or velocity during the transition. This may be indicated by draw il Bac d and if the energy pap ee a 

vertical line joining the curves for the ground and excited states of the moll mi ate be known, it should be poss 
5 . . os : ad st ictine the heat of excitation of the atom The transitions occur with the greatest probability from the end points of a Tend state of the molecule by subtracting 

oun scopic value for the heat of dissociation of the excited molecule. extension and compression of the molecule where the velocities of the 7 3 ectro : were var, ; : atoms poe SP" ly double its dissociation energy and re-emit it as iti m$9 ’ absorb nearly dou least. Accordingly the bands corresponding to transitions from the Points dine ont dissociating. From spectroscopic data of Mecke,24 Franck reversal of the vibration have the greatest intensity. Strictly the methog a 
exact since the Heisenberg uncertainty principle shows that it is impossible 
know simultaneously the positions and velocities of the nuclei. The error oa 
duced is, however, eliminated by treatment by the methods of wave mechan 

If the vertical cuts the curve for the excited molecule at a point deeper ‘d 
its horizontal asymptote, the absorption spectrum will be predominantly baal 
since vibration is possible. But if the curve for the excited state be cut at a nd 
corresponding to a potential energy greater than that of the asymptote 7 
absorption will be predominantly continuous.19 It must be noted that there m be several excited states for which separate curves must be constructed, 

It is possible to derive the shape of the. Franck-Condon curve for a diator 
molecule from a knowledge of three constants of the molecule, 79, » and D 
means of an interpolation formula due to Morse,2° [ 

y 71 ‘ +a: : 5 
Be conv’ rgence limit of the vibrational levels of iodine to lie at 4995A. 
fa t eC Sy tia 

*. 103 shows that this corresponds to 56,950 calories. Since the thermo- 
are | 4 for the heat of dissociation of iodine is only 34,500 calories, it is 
mical vale ome other process than dissociation of the ground state must be 

fent Se hotochemical dissociation. From the arc spectrum of the iodine 

ved a ee of excitation to the 2P_, state is found to be 21,650 calories per 

i Sn this is deducted from 56,950 calories, the remainder, 35,300 cau, 

ss . reement with the thermochemical value. The conclusion is, therefore, 

h Be temical dissociation of iodine leads to the production of one normal 

a * Bed atom. Similarly, the convergence limit is 4800.A for chlorine and 
- a 5107A, each dissociating into a normal and an excited atom. 

ei 1 molecule rarely suffers photochemical dissociation; when it does 

a toms usually are formed. Herzberg °° and Heitler and Herzberg 2% 

hat there are instances in which molecules may yield one normal = atest bcki Sr rae . ; from an in which a= ee = 0.2454 Mw-, p being the reduced mass in c.g‘s, yp “4 one excited atom from the ground state, and two ee eee dit? ENE: - 
: =0. ) £8. un :.. dstate. This is interpreted to mean that a stable molecule is forme de ie 

es $ 
- KCl iM © ; e ‘ . 

i + ° and M its value in atomic weight units; z is the elongation or the distance from 1 nion of a normal and an excited atom. Instances are CN, BO; SiN; N3, (CO) 
normal equilibrium nuclear separation ro, the value of which for a given vibratior k, 

; P eee . Fr 28 
ue, ogee : i ‘a till other cases have been discussed by Bengtsson ant Hulthén, e.g., CuH | 

quantum number is derived from an analysis of the band spectrum. D?’ is the 1e i a 
of dissociation derived thermochemically or by a Birge-Sponer extrapolation,2t 
Such curves have been obtained for a large number of molecules and the cy V 
play an essential role.in theories regarding thermal reaction rates.22 q 

Despite the many difficulties inherent in treating polyatomic molecules, Frane 
Sponer and Teller ?* believe that potential energy curves may be profitab 

employed, at least in qualitive discussions of ‘predissociation. | 

F=D'e-** —2D'¢- az J 10 normal a 

: . ave shown t 

HomopoLaR AND HETEROPOLAR MOLECULES 

Molecules which, like the alkali halides, yield ions on dissociation from the 

ound state are called heteropolar or ion-molecules, and those which yield two 

ral atoms from the ground state are called homopolar or atom-molecules. In 

eral, atom-molecules such as hydrogen, chlorine, and even such polar ones as 

er halides are dissociated from excited states into a normal and an excited 

n, Ion-molecules may give both this type of dissociation and one in which only 

mal state atoms are produced.2® Franck, Kuhn and Rollefson 80 found the 

li halide vapors to exhibit continuous absorption bands which extend farther 

ard the red when the temperature and pressure are increased; the position of 

maximum absorptions appeared to be independent of these factors. Only one 

maximum was observed for the chlorides, but there were two for the iodides and 

bromides. The heats of dissociation of the molecules as calculated from the 

Excitep AToMs ForRMED BY DISSOCIATION 

Early efforts to test the dissociation theory by comparing the heats of diss 
ciation determined spectroscopically and thermochemically indicated discrepancie: 
these for a time led certain workers to prefer the theory that the primary proce 
in a photochemical change is more generally one of molecular excitation. 

19 For quantum mechanical treatments, see Goldstein, L., Compt. rend., 193, 919 (1931); J. phy: 
Radium, 4, 123 (1933). ; j 

20 Morse, P. M., Phys. Rev., 34, 57 (1929). 7 
*t The calculation of such curves has also been described by Klein, O., Z. physik, 76, 226 (1932 

Improved methods have been suggested by others, for which see Sponer, H., ‘‘Molekiilspektren, 
J. Springer, Berlin, 1936. Note also Chakravorti, S. K., Z. Physik, 109, 25 (1938). i 

22For further discussion of potential energy curves, see Franck, J., and Sponer, H., Nachr. Gé 
Wiss. Gottingen, 241 (1928); Visser, G. H., Chem. Weekblad, 27, 237, 380, 390 (1930); Mecke, i 
Physikal. Z., 33, 1 (1932); Noyes, W. A., Jr., Rev. Modern Physics, 5, 280 (1933); Rudy, R., Kew 
gen. sct., 37, 539 (1926); Heitler, W., and London, F., Z. Physik, 44, 455 (1927); Suguierta, 3 
Ibid., 45, 484 (1927); Hylleraas, E., Ibid., 96, 643 (1935); Finkelnburg, W., Ibid., 99, 798 (1 mM 

*3 Franck, J., Sponer, H., and Teller, E., Z. physik. ‘Chem., 18B, 88 (1932). a 

4Mecke, R., Ann. Physik, 71, 104 (1924). 
-% 35,593 according to Brown, W. G., Phys. Rev., 38, 709 (1931). 
"Herzberg, G., Ann. Physik, 86, 189 (1928). : 
“Heitler, W., and Herzberg, G., Z. Physik, 53, 52 (1929). 
% Bengtsson; E., and Hulthén, E., Trans. Faraday Soc., 25, 751 (1929). ; 
fs ae H., Z. Elektrochem., 34, 483 (1928); Franck, J., and Kuhn, H., Naturwiss., 20, 923 

Franck, J., Kuhn, H., and Rollefson, G. K., Z. Physik, 43, 155 (1927). 
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positions of the longer wave-length continuous bands appeared to be ina 
ment with thermal heats of dissociation of the salts. Such a conclusion \° 

hei separation was less at the longer wave-lengths and in the ultra- 
aT eifr 

indicate that it would be possible for ion molecules to be dissociated int 
ia ively feebler and finally disappeared. They correspond 

th gael r Be ic, of the normal state of the molecule, which would be 

the et oe temperatures used (750°). He suggested that the normal 
a - ae corresponded with ionic binding, and the excited state with 

monic Stern fat | . | 
ing by P Be cs fithiumn halide vapors has been studied by Desai #* who found 
“pe absorp xe ions in the vapors of the bromide and iodide. By the use of 
a Sie ec axe limit of continuous absorption, the latent heat of 
gi-debne £ lithium was computed to be 29.6 kcal. per g. atom (using the mean 
ization 4 on all the lithium halides). On the assumption that the second 
_— ion corresponds to dissociation into a normal metal and an excited 
7 the excitation potentials of bromine and iodine were computed from 
ren - 

normal atoms. 

At low pressures, the vapor of sodium iodide when irradiated with Wave-le q 
shorter than 2500A emits the D line of sodium.3! This is proof that the shed 
tion produces an excited sodium atom and an iodine atom. The Second ge. 
member 3303A only appears when the iodide vapor is irradiated with the 18546 
aluminum doublet, the energy corresponding to the dissociation energy ofa 
sodium iodide and the excitation of the sodium atom to the 3P state. Since in q 
process the D line was not emitted, it is not possible that the effects could pf. 
been due to an ionization of some sodium vapor possibly present.2? Similar ren 
were reported by Kondrat’ev 33 for caesium iodide, the dissociation ehereall 
which corresponds to 3.82 volts. The energy required to excite the oh 7 Frequency difference between the two anges limits on the long-wave side, 
caesium line (4555A) is 2.71 volts. The sum, 6.53 volts, is less than the enn a for bromine 0.46 volt and for iodine 0.91 volt. 
of the aluminum lines 1854 and 1862A which produce the effect a * 
that of the nickel lines about 2300A, which are ineffective. 4 

In thallium iodide vapor, irradiation with wave-lengths shorter than 209 
leads to the emission of the 3776 and 5351A lines, showing that the dissociats 
produces thallium in the 2S state; from the result the heat of dissociation in 
normal atoms would be 61 kcal. per mole.?4 More recently, Terenin and Popoy 
find thallium iodide and bromide to yield thallium and halide ions. Butkoy 
had previously stated from convergence limits, the heat of dissociation of thallor 
chloride vapor as 87 kcal. and that of the bromide as 73.1 kcal. Since the deeg 
position leads to excited atoms, the vapors are atomic compounds. _ 

Neuimin °" finds thallous iodide at 600° and 1 mm. pressure to show ty 
absorption bands with maxima at 3110 and 2510A, diffuse toward the long wa 
side, corresponding to the potential energy curves for T1+-Cl* and Tl* + Ci 
irradiating these vapors at 100 mm. by a spark, the photodissociation of the sal 
yields the lines 3776 and 5351A. These atomic lines are not given by resonan 
in thallium vapors at these temperatures.38 _— 

Desai *® found four regions of continuous absorption to be exhibited by t 
' vapors of rubidium iodide. The first, at 3700A, involves a dissociation into norm 
atoms with an energy of reaction of 78 kcal. The second at 2900A, leads to t 
production of a normal rubidium and an excited iodine atom, the third at 2548, 
to an excited rubidium and a normal iodine atom, and the fourth at 2150A, to # 
formation of excited rubidium and iodine atoms.4° | a 

Sommermeyer *! agrees that the absorption of alkali halide vapors yields or 
continuous spectra, but finds that by an excitation method he can observe certa 

31 Kondrat’ev, V., Z. P 
Naturwiss., 15, 73 (1927). 

82 See also Terenin, A., and Neuimin, H., Physik. Z. Sowjetunion, 2, 434 (1932). | 
88 Kondrat’ev, V., loc. cit. 

¥s Terenin, (A; £2... Phastk,.44, .713..(1927). 
8° Terenin, A., and Popov, B., Z. Physik, 75, 338 (1932). 
86 Butkov, K., Z. Physik, 58, 232 (1929). - 
7 Neuimin, H., J. Exp. Theor. Physics, U.S.S.R., 4, 692, 697 (1934); see also Terenin, A, ar 

Popov, B.,. Z. Physik, 75, 338 (1932). ; j a7 
88 See also Franck, J. M., Physik. Z. Sowj., 2, 319 (1932). ) 
89 Desai, M. S., Z. Physik, 85, 360 (1933). ; _— 
y ce also Visser, G. H., and van Heel, A. C. S., Z. Physik, 86, 694 (1933). For alkali fluond . 

Gudh, India, 1, 116 (1981-2); Chow abe. 56, ena (igagy AONE Set ee “peee: however, Datta, S., and Chakroborti, B., Current Sci., 3, 349 (1935). ) 9 P) . *y P) ° a 4 , Z. Physik, 43, 164 (1927). 41 Sommermeyer, K., Naturwiss., 16, 653 (1928); Z. Physik, 56, 548 (1929). 7 E oo en ain, EL 2. Erie 

» but greater th 

guRE 109. 
Potential Energy Curves for a Heteropolar 

Bitecule (Rabinowitsch, Z. Electrocheme). 

Figure 109 illustrates the potential energy curves which seers a wee 

jar molecule. The crossing of the curves is necessary because the energy of a 

” m of two ions must be greater than that of the same two atoms, how- 

De excited. The crossing is a point at which the potential energy is the ses 

a given atomic separation for both the excited and ground states. A mo 7 e 

t this point may dissociate in either manner so that the molecule cannot be s er 

xxclusively homopolar or heteropolar. In some cases the probability of the sti 

ation following one course exceeds that of its following the other. This is the 

likely the greater the energetic separation of the two curves, 

“Tt has thus become evident that a simple classification of molecules into hetero- 

olar and homopolar is unnecessary and arbitrary. The view that a given molecule 

es the distinguishing features of both types serves to explain the controversy 

rding the nature of hydrogen chloride. This was long thought to be eters: 

t because of its dissociation into ions in aqueous solutions. Kondrat’ev 

need evidence from the convergence of its infrared bands for a homopolar 

re, but Rawlins 44 believed gaseous hydrogen chloride heteropolar because 
Mf the constancy of its dielectric constant in a variable magnetic field.*° 

_ The continuous absorption spectrum of silver iodide vapor closely resembles the 
spectra of the alkali chlorides.4¢ It extends from 3500 to 2400A with a maximum 
it 3170A. The dissociation results in a normal silver atom and an excited iodine 

WE 

hysik, 39, 191 (1926); Terenin, A., Ibid., 37, 98 (1926); 44, 713 (192 

8 Desai, M. S., Bull. Acad. Sci. United Provinces Agra Oudh, India, 2, 33 (1932); Chem. Abs., 
7, 2380 (1933). | 
“Kondrat’ev, V., Z. Physik, 48, 583 (1928). 

_*Rawlins, F., Z. Physik, 50, 440 (1928). ~ 
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ao : er 1 | . | a - f inorganic or simple organic com atom. For dissociation into two normal atoms the absorption band would 4 ion, many molecules o g 
ne Schumann res s dentneantoin £ which are to be of much longer wave-length. This conclusion was also confirmed 4. 7 1 the ‘a Se present because of dissociation oe es ee fluorescence spectrum excited by irradiating the vapor with the copper line 309) ds a it is, however, unnecessary to ae ail compounds. The most The heat of dissociation calculated from the fluorescence spectrum is APPTOXimar. ited. scopy to the heats of aceacaris ol ae es abet uote naieidse 54 kcal., whereas that found by measuring the work of dissociation is 47 7 ee ecent yalues for the heats of .dissoc ared and tabulated by Rossini This indicates that the dissociation products are two neutral atoms anq hot ae urate py all available methods have been comp ada will ho diseased Galewy ions for which a heat of dissociation of 140 kcal. would be required. In the you mee ys The band spectra of many compou , 

meicnowshy- of individual photochemical reactions in the remaining chapters. 
Vapo of silver bromide the absorption bands lie between 3100 and 3400A and for a BE onsidera 

the 
chloride between 3100 and 3300A.47 The vibration frequency changes only sliehy between the initial and final electronic states, the difference decreasing from jodi to chloride. A series of resonance lines was obtained by suitable illumination 1 the vapors. From these the heat of dissociation of silver bromide js rough 
estimated at 2.5 volts, in agreement with the thermochemical value, 2.6. Th. 
shows that in the vapor state these molecules are non-polar. The true heats , 
dissociation are closely related to the constants of the quasi-elastic binding force 
obtained from the vibration frequency in the normal state. It is therefore eg, cluded that the electron linkage is similar for the three silver halides. Brice finds the absorption of silver bromide and iodide vapors to be continuous helo, 

PREDISSOCIATION SPECTRA 

; e of the band spectra of certain compounds requires special pees 

One ag arly as 1925 mentioned band spectra in which the rotationa 5 oa 
ranck 7 PS ehin the bands at longer wave-lengths, becomes ee ice Ee a : 3 : 

re, sharp the interpretation, no longer regarded as correct, 
1e Tie aa such cases is actually great enough to dissociate the aeaner 

Beal encrey had been described by Henri and Teves °® who called them predis- 
such BP cctra By 1929 this type of absorption had been observed in the spectra 
ociation S ; 

1eS. 

the excited states 0.21 and 0.10 volt, respectively. It could not be determine whether the products were metastable halogen and normal silver or metastab} halogen and excited silver. Dutta 49 claims the normal form of silver halides + the vapor state to be ionic and not atomic. d 
Herzberg 5° has summarized ‘the spectroscopic methods for determining th, 

dissociation energies of diatomic molecules. These methods have been extendeg to polyatomic molecules. Mecke,5! who discussed the mechanism of dissociatiog of molecules such as water, carbon dioxide, methane, formaldehyde and the nitro. gen oxides, suggested that that atom is split off first which represents the smallest 
energy of dissociation.®2 | 

Terenin 5? observes that the photodecomposition of SnI, vapor by light 0} 2500-2150A is accompanied by a bright visible emission of the spectrum of the 
iodine molecule with an abnormal distribution of intensity in the bands. The 

iodine molecule is thought to be detached in one primary process. The whole Process is equivalent to a recombination of the atoms in the act of photodissocia- 
tion, or to a redistribution of the valency linkings. A marked temperature cofficient indicates the necessity for an energy of activation for this type of photodissociation. The mechanism of the yellow fluorescence in the vapor of bismuth iodide may be 
similarly explained; under the action of suitable quanta and with some thermal 
activation an iodine molecule may be detached from Bil,.54 a? 

by some 
7 ia the bands of which the rotation lines disappear at 2792A, although the 
yapor 1 | 

iia 

— : +48 d Harteck, “Guindlogen der - _ Predissociation of NOs. (Bonhoeffer an ) 
i. mee 1? Photochemie,” Courtesy, Th. Steinkoff, Dresden). 
oe : ° ‘ the 

‘yibrational bands continue to shorter sd sen to Soe he nr: 
ee ide, illustrates the phenomenon. absorption of nitrogen peroxide, illus | 
_ Ba the quantized rotation lines are ae oe ey a 
a f ; d 2425A. In some, , peared in the vibration bands at 2447 an : : 
sion of predissociation is followed on the short-wave side by a te er atid 

tinuous absorption. In other cases, the diffuse bands are found on bo niet eat: 

Bid short-wave sides of bands with definite rotation lines so that a molecule may 

exhibit more than one region of predissociation. 
cad cuevested the name predissociation because oe paren the con 
ee: ; . , the molecule in which the latter 1s c Hy ‘in this region produced a new state of , : ae: ae d to dissociate. More recen active, labile, non-fluorescing and predispose : A anon. _ 4 terpretation of the phenom by have somewhat altered this concept. The inter 
the aid of potential energy curves and by the aid of an analogy with the Auget 

47 Franck, J., and Kuhn, H., Z. Phystk, 44, 607 (1927). 
48 Brice, B. A., Phys. Rev., 38, 658 (1931). 7 49 Dutta, A. K., Trans. Bose Research Inst., Calcutta, 8, 248 (1932-3); Chem. Abs., 29, 6839 (1935). 50 Herzberg, G., Chem. Rev., 20, 145 (1937). 

% 51 Mecke, R., Z. physik. Chem., 7B, 108 (1930). 
52 See also Kimura, M., Sci. Papers Inst. Phys. Chem. Research, Tokyo, 18, 150 (1932). 
53 Terenin, A., Nature, 135, 543 (1935); Compt. rend. Acad. Sct. U.R.S.S., 1, 482 (1934); 3, 16% (1935); Brit. Chem. Abs. A, 807 (1935); Terenin, A., and Tshubarov, R., Acta Physicoclum. U.R.S.S., T, 1 (1937); Chem. Abs., 32, 3266 (1938); Parti, Y. P., and Samuel, R., Proc. Roy. Sots” 49, 568 (1937); see also Herzberg, G., and Teller, E., Z. physik. Chem., 21B, 410 (1933)] and van Manen, B., Chem. Weekblad, 34, 549 (1937)] for polyatomic molecules. 
54 See also Neuimin, H., Physik. Z. Sowjetunion, 2, 422 (1932). For zine and cadmium halides, — see Deb, S., Trans. Bose Research Institute, Calcutta, 10, 223 (1934-5); Chem. Abs., 32, 3263 (1938). 

oe L L . phys., 
Ss Neuimin H.. and Terenin, A., Bull. Acad. Sct. U.R.S.S., Classe sci. math. nat., Ser., phys 

529, 1936: Chem. Abs., 31, 3790 (1937). 
8 Rossini, F. D., and Bichowsky, F. R., 
Reinhold Publishing Corp., 1936. aera 

 & ., Z. Elektrochem., . | 

ay. au Teves, M. = Matnae; 114, 894 (1924); Compt. rend., 179, 1156 (1924) 

“Thermochemistry of Chemical Substances,” New York, 
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e electronic transition gives (in the case of some of the molecules ) 

S| lines within a vibrational band while other molecules suffering the same 

ition” excitation undergo dissociation. 
Bre ath of each line of a spectrum is dependent upon the life of the excited 

apa general, the longer the life, the narrower the line.6* The net result of 

effect in x-ray spectra ®® has been the subject of much work.69 New Criteria , 
the presence of this type of absorption have been given by Kaplan 61 whoa 
investigated nitrogen spectra.®2 | — 

In brief, it may be said that the phenomenon depends upon the exigt 
two excited states of the molecule the potential energy curves for which cr 

3 sing! 

ence | 
fos ‘ eee OSs ne i. ; : : 

position which represents binding for one state and dissociation for the thes 4 F dissociation of some of the molecules is to shorten the mean life of the excited 
Figure 111, the ground states are not represented for the molecules consid, a a Pies: the effect of this is to broaden the rotational lines of the absorption 

In each case transitions from the ground state to excited state A are permitted ¢ :. Because of this tendency the vibrational bands assume the diffuseness char- 
D and. those to excited state C are forbidden. Assume that by the Franck-Condon nes. geristic Of Pt edissociation. A second effect is a lessening of the intensity of the 

ciple the electron transition has raised the energy to the points marked xem “orescence: Fluorescence measurements offer an even more sensitive criterion 
only the state C existed, the molecule would suffer dissociation either immed] a 4 redissociation than does the effect of line-broadening although this test can 

or after completing a half vibration. If, on the other hand, only the states A ate A, pe used in gases at low pressures. Otherwise the fluorescence might be 

possible, excited molecular states would result and these would account for ih veatly affected by collisions.® i | iy fe 
production of bands with rotational fine structure. After a brief life (10-8 seco i, “There are “selection rules” concerning the states which may exhibit predis- 
they would emit part or all of their excitation energy as fluorescence. But ie acjation,°® but their consideration would lead us too far into specialized fields 

en ¢ molecular spectra. From a photochemical standpoint, in which we are primarily 

«terested, the significance of the predissociation regions is that they represent 

‘eojons Of optical dissociation and as such are capable of yielding information in 

Board to the primary photochemical process in the reactions of the substances 

which exhibit such predissociation regions. 
' Since in the predissociation region the excitation energy must be at least 

equal to the dissociation energy, it is possible to calculate a maximum value for 
the normal heat of dissociation from the wave-length at which the diffuse spectrum 
commences, or the fluorescence lessens.67 This can be done only when the hori- 

zontal portion of the dissociation curve is cut by the excited curve. As this 

appeats to be the case in numerous instances, such calculations have often yielded 

jreats of dissociation in agreement with those obtained by other methods. The 

two predissociation limits observed by Henri in nitrogen peroxide at 3700A (NO 
and O) and 2459A (NO and excited O) correspond to 72.2 and 117 kcal. The 

erence between these fixes the energy of excitation of oxygen at 45 kcal. 68 

ilarly calculations of the heat of dissociation of oxygen have been made from 
the predissociation spectrum of sulfur dioxide. From predissociation limits, Bates °° 
has calculated the heats of dissociation of OH and NH to be 116.05 and 102.2 kcal. 
Urey and Johnston 7 find the predissociation limit of chlorine dioxide to indicate 
an energy of dissociation through one mode of vibration of the excited electronic 

state into a ClO. molecule and an oxygen atom. 
_ Predissociation may be induced in certain cases in spectral regions normally 

wing discrete band spectra, by the addition of other gases. The change of 
absorption spectrum is practically independent of the nature of the foreign gas, 
at least in the case of the visible bromine spectrum observed by Avramenko and 

Kondrat’ev.71_ External magnetic fields may also cause induced predissociation.” 

Ficure 111. 

Potential Energy Curves for Predissociatioy 

(Rabinowitsch, Z. Electrochemie). 

as in the figure, two crossed excited states may exist, the molecule may vibrate 
along either curve. Thus a molecule if excited may during its life of 10-8 seconds 
perform many vibrations the period of which is of the order of only 10-18 second 
before it emits its energy as fluorescence. While it remains as a molecule, it is 
also rotating and a rotational line (or lines from different ones of the many mole- 
cules) is produced within the vibrational band. But during each time that, in 
the course of a vibration, it passes through the crossing point, the excited molecule 
stands a finite chance of changing by a “radiationless transition,’ which involves 
no change in potential energy, to curve C which leads to dissociation. Thus it is 

The details of the theory of this relation must be sought in physical texts. The application of 
the Heisenberg uncertainty principle is involved. See also Rice, O. K., Phys. Rev., 33, 748 (1929); 
J. Chem. Physics, 1, 375 (1933) and Kronig, R. de L., Z. Physik, 50, 347 (1928). 
_ % Kondrat’ev, V., and Polak, L., Z. Physik, 76, 386 (1932). . 
_ %Kronig, R. de L., Z. Physik, 62, 300 (1930). 

i Turner, L. A., Z. Physik, 68, 178 (1931). 

_ See also Herzberg, G., Z. physik. Chem., 10B, 189 (1930). 
q ® Bates, J. R., Z. physikal. Chem. Bodenstein Band, 329 (1931). 

- Urey, H. C., and Johnston, H., Phys. Rev., 38, 2131 (1931). ; 
ee vramenko, L., and Kondrat’ev, V., Physik. Z. Sowj., 10, 741 (1936); Chem. Abs., 31, 8366 

5° Bonhoeffer, K., and Farkas, L., Z. physik. Chem., 134, 337 (1927). 

60 Herzberg, G.: “Die Predissoziation und verwandte Erscheinungen,” Spri Berlin (1931)% PHS 
Rev., 40, 313 (1932). inungen,” “Springer; ‘Berlin (177 

6. Kaplan, J., Phys. Rev., 38, 1079 (1931). M4 
® Kaplan, J., Phys. Rev., 41, 114 (1932). 

63 Franck, J., and Sponer, H., Nachr. Ges. Wissen. Gottingen, 241 (1928). 

Physi Z. Sowj., 4, 764 (1933). 
| ?Turtner, L., Phys. Rev., 41, 627 (1932). 

See also Loomis and Fuller, Phys. Rev., 39, 180 (1932); Kondrat’ev, V., and Polak, L., 
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A general discussion of induced predissociation and the predissociation of poll 
atomic molecules has been given by Burton and Rollefson.7® : 

The principles followed in interpreting the predissociation spectra of dial ‘ 

molecules require amplification when applied to the spectra of polyatomic ,.! 
cules so as to take into account the more complex nuclear vibrations and the fa. 
that polyatomic products of decomposition contain vibrational and rotaw Chapter 15 

tation, 
energy, while for monatomic dissociation products only electron excitation enews _¢ ° 
need be considered. In the case of sulfur dioxide,” the energy value for at Overall Photochemical Reactions 
predissociation limit at 1950A is greater than the energy required for therma 
dissociation into SO and O by about 13 kcal.; this must be divided between tra q 
lational and vibrational and even some rotational energy. a 

A marked shifting of the region of predissociation to longer wave-lengths wig 
increase in the temperature of the absorbing gas was noted by Henri in his worl 
on predissociation. Joos and Hermann have confirmed Herzberg’s SUS gestion 
that this is due to the thermal excitation of higher vibrational levels in the ground 
electronic state, by observations on nitrogen peroxide at temperatures from ~ {50 
to 500° These show that the sharpness of the individual bands is not affected py 
the rise in temperature. The temperature effect is of some significance for the 
temperature coefficients of certain photochemical changes. aq 

Caution must be used in concluding that photochemical reactions brought 
about by light absorbed in a region of sharply banded absorption have an excite¢ 
molecule mechanism,’® since induced predissociation may occur in molecules 
showing any kind of light absorption. Furthermore, weak continuous absorption 
between the lines of a spectrum must not be neglected. Consideration of suck 
absorption in the chlorine spectrum at wave-lengths longer than the convergeneg 
limit has led to a recent revision of the interpretation of the mechanism of the 
combination of hydrogen and chlorine induced by light in this region.77 a 

Franck and Rabinowitsch 78 have stated that in the majority of photochemica 
reactions in gases every act of absorption leads to dissociation into atoms or free 
radicals, a point of view in which Lowry 79 concurs. West 8° tests for the para- 
magnetic free radicals by ability of the latter to effect the ortho-para hydrogen 
conversion. He applied the method with success to the detection of methyl radica s 

- produced by the irradiation of methyl iodide and of acetone vapors... However, 
benzene and propionaldehyde when illuminated did not cause the ortho-para 
hydrogen conversion. Neuimin 8! uses a layer of molybdenum trioxide in the 
detection of atomic hydrogen, which forms an intense blue color, “molybdenum 
indigo.” 

a ac peen shown in the preceding chapters that it is advantageous to consider 

mee 9s the mechanisms of the primary and secondary processes of photochemical 

ae 4 Experimentally, however, there is no such demarcation and both must 

r Bascal simultaneously. 
ee ow generally recognized that for chemical reactions to pr oceed the mole- 

- * an be supplied with at least a minimal amount of energy known as the 
cules a energy. This is usually not identical with the observed heat of reaction, 
Be. being merely the difference between the activation energies for the forward 
the Be cece reactions. In purely thermal reactions, the activation energy is kinetic 
and a to random collisions resulting from the heat motion of the molecules. 

% ose molecules which at the experimental temperature have energies in 

Bs of the activation energy are capable of reacting. Since from the inane 

) oltzmann distribution law at ordinary temperatures only about one in 10° mole- 

Biles of a gas possesses an energy equivalent to 25 kcal. per mole, reactions for 

which the activation energy is greater than this will be slow. The absorption of 

ultraviolet light may, however, readily supply the molecules with far greater 

‘gmounts of energy so that the photochemical reaction may be rapid. Thus, the 

‘processes of dissociation or excitation attendant upon the absorption of light may 

yield atoms, free radicals or molecules with sufficient activation energy to allow 
the remaining secondary reactions to proceed readily. ak: 

Whether or not the secondary reactions do so depends upon the nature of the 

secondary reactions in which these primary products participate. ‘Tf all the sec- 

ondary reactions proceed at the experimental temperatures with negligible activa- 

tion energies, or with activation energies compatible with those possessed by. the 

“primary products, the photochemical reaction will proceed. The rate of reaction 

4s then determined by that of the primary process, which depends upon the rate 

‘of absorption of energy. If, on the other hand, the secondary processes require 

activation energies in excess of those possessed by the primary products the reac- 

tion will not proceed. In such cases, the temperature must be raised to one at 
; which the requisite activation energy for the slowest necessary secondary process 

is available. The overall reaction will then have a temperature coefficient. In 

‘general, the primary process is not markedly dependent upon temperature, and 
purely photochemical reactions have temperature coefficients of unity. This means 
‘merely that none of the secondary processes requires activation energy. When there 

isa temperature coefficient, it is usually due, therefore, to one of the secondary 

processes requiring activation energy not sufficiently available at the usual experi- 
‘mental temperatures. Since most photoreactions occur through the intermediate 

formation of atoms and free radicals, an accuraté knowledge of the rate constants 
of reactions in which these participate is of importance for the determination of 
the mechanisms of individual photoreactions.1 

73 Burton, M., and Rollefson, G. K., J. Chem. Phys., 6, 416 (1938). For the case of sulfur, see 
Olsson, E., Naturwiss., 25, 781 (1937) and Lochte-Holtgreven, W., Z. Physik, 109, 147, 149 (1938). 

74 Franck, J., Sponer, H., and Teller, E., Z. physik. Chem., 18B, 88 (1932). For a general theoreti- 
cal discussion of the predissociation of polyatomic molecules, see Dushinskii, F., Acta Physicochim. 
EIS ude, Oy GOL CI936). ’ 

% Joos, G., and Hermann, A., Physik. Z., 33, 213 (1932). 

76 Rollefson, G. K., J. Phys. Chem., 42, 737 (1938). 

™ Bayliss, N. S., Trans. Faraday Soc., 33, 1339 (1937). 

% Franck, J., and Rabinowitsch, E., Trans. Faraday Soc., 30, 120 (1934). 

® Lowry, T. M., Trans. Faraday Soc., 30, 3 (1934). : 

80 West, W., J. Am. Chem. Soc., 57, 1931 (1935). a 

8t Neuimin, H., Compt. rend. acad. sci., U.R.S.S., 16, 447 (1937); Chem. Abs., 32, 1580 (1938). 

"Bates, J. R., Chem. Rev., 17, 401 (1935). 
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the heat of dissociation of such molecules as iodine into normal atoms is not relate 

-Allmand and Reeve found the decomposition of oxalic and formic acids to pro 
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mical reactions. By means of a series of filters they found the longest 

th capable of liberating iodine from a solution of potassium iodide to 

3340 and 3660A. Inasmuch as wave-bands covering as much as 320A 
sotoche PHOTOCHEMICAL THRESHOLDS 

Since it is the function of light in a photochemical reaction to supply a 

energy of activation for that reaction (or more strictly for its primary Procege eo be used, it was not possible to determine whether or not the yield 

it should be necessary to employ a radiation of frequency corresponding toll pits a suddenly to zero from fairly high values over a very narrow range of 

least that energy. This implies the existence of a photochemical thresholg fee BoP? ngths. These authors extended their point of view to the inactivation of 

quency below which the reaction could not be brought about. Mecke2 g.1° wane” © mes pepsin, rennet and invertase and to the killing of bacteria and pro- 

that the accurate determination of this threshold wave-length is important fon - well. 

toZ 
proper understanding of the nature of the primary process, but notes that ; 

unfortunately presents great experimental difficulties. Indeed, some wog,.. 

have indicated these difficulties to be so great as to preclude experimental deter 

mination. y 
In the case of the combination of hydrogen and chlorine, Coehn and Jypo; 

claimed to have found a threshold at 5400A, longer wave-lengths not leadins 4 
the formation of hydrogen chloride. On the other hand, Taylor 4 placed ¢h 

threshold at 4900A. Both of these results were criticized by Bowen, who showe, 

that the results indicated no more than that the rate of reaction is proportions 

to the amount of light absorbed and that this drops to low values in these waye. 

length regions. i. 

A similar attempt to find critical wave-lengths for the decomposition of ethy 

and methyl iodides was due to Job and Emschwiller.6 They considered h 

quantum at the critical wave-length for the decomposition (the “critical comple 

ment”), to measure the binding energy of the covalence C-I. By placing a tub 

of ethyl iodide in the spectrum of a carbon arc, it was noted that the reactio 

appeared to proceed as soon as wave-lengths shorter than 4100A were use 

This corresponds (Figure 103) to 69.3 kcal. per mole. Methyl iodide gave th: 

same value, but for iodobenzene it was 4000A or 71 kcal. However, Bowen 

criticized these conclusions by showing that the threshold values were relate 

either to the lower limits of the absorption spectrum or to the wave-length 0 

4 Further tests of the question require accurate determinations of the quantum 

4 t a series of wave-lengths; a positive threshold would be indicated by a 

yields SF op to zero from a fairly high and constant quantum yield. Comparatively 

_ data are available, but those papers in which data adequate to the test 

few Been given, ¢.g., the work of Norrish1! on the decomposition of nitrogen 

nav® de, indicate a sloping curve over a fairly wide range of wave-lengths. For 

dioxic® tion the quantum yield is zero at 4360A, 0.72-0.74 at 4050A, 1.54-2.10 at 
th ee. and 2.07 at 3100-2700A. A possible explanation of the lack of sharpness 

36 the change in quantum yield with wave-length may be that not all of the mole- 

Ps 5 of the absorbing material are initially in the same vibrational state. ‘Those 

P molecules which at the temperature of the experiment may be in excited 
P. may be expected to be activated by the absorption of smaller quanta than are 

required to activate those initially in lower vibrational states.12 The heat of dis- 

ociation obtained spectroscopically by the absorption of a gas at a temperature 
b.. than absolute zero is. the weighted mean of the heats of dissociation of the 

yarious vibrational excited states existing at the temperature at which the 

absorption occurs. Conversely, since these states have different heats of disso- 

| ciation, the wave-length threshold for each should be definite, but for the mixture 

there should only be a sloping curve or a diffuse threshold. : 

By extrapolating the quantum yields of each of four reactions to a zero quan- 

; ; nn Pan yield, Rao and Dhar’? found extrapolated threshold wave-lengths. The 

maximum absorption. Bowen stated there was no theoretical justification fo a. Bonding Be ackics ™h decals. pet Die era found’ bi anaes ssiticelh tate 

bey ch conclusions. Warburg had attempted *: relate thresholds to the heat ° energy of activation of the dark reactions. There was, however, in some of these 

hale dike thermal values for the C-I linking scatter hs my, Av kcal. wheres” Jo a rather extended and uncertain extrapolation. Bowen had found much earlier 

and Hmschogilcs hag teint Ook Neing ss has been indicated in. an ear eqiiam Prat the activation energies of four bimolecular reactions calculated from their 

temperature coefficients could not be related to the energies corresponding to the 

jong-wave limits of the absorption bands. Neither the absorption limit nor the 

activation energy bore any definite relation to the heats of linking of the bonds 

assumed to be ruptured in the photochemical processes. ! 

‘Franck and Herzfeld 14 have emphasized the possibility, at least for polyatomic 

molecules, that thermal energy can contribute much more of the energy required 

for a photochemical change than had previously been assumed. Also, in such 

complicated molecules more than one absorbing ‘center may be present. Energy 

absorbed by one linking may be transferred to another, which itself absorbs, 

so that the sum or a portion of the sum of the energies absorbed in separate por- 

tions of the molecule may be made available to affect a disruption of one or the 

other linking, the energy absorbed by that linking alone being insufficient for this 

purpose. The possibility of such intramolecular migrations of energy seems to 

to the actual amounts of energy required to dissociate the molecule into a norma 

and an excited atom; this may be far greater. Therefore, heats of linking could 

not be calculated even from a knowledge of the convergence limit without a ~ 

knowledge of the amount of excitation energy of the decomposition products. 

ceed at a measurable rate in light of wave-lengths much longer than those com: 

puted by Volmar ® from thermochemical data on the heats of unimolecular ‘decom: 

position. - 

Schneider and Sperti19 suggested the existence of threshold wave-lengths for 

2Mecke, R., Trans. Faraday Soe., 27, 360 (1931). 

8 Coehn, A., and Jung, G., Z. physik. Chem., 110, 705 (1924). 

4Taylor, W., Phil. Mag., 49, 1165 (1925). _ 

- 5 Bowen, E. J., Phil. Mag., 50, 879 (1925). 

6 Job, A., and Emschwiller, G., Compt. rend., 179, 52, 168 (1924)... 

7 Bowen, E. J., Trans. Faraday Soc., 21, 543 (1926). 

8 Allmand, A. J., and Reeve, L., J. Chem. Soc., 129, 2852 (1926). 

®Volmar, Compt. rend., 178, 697 (1924); 180, 1172 (1925). 

10 Schneider, H., and Sperti, G., Bull. Basic Sci. Research, 1, 7 (1926). 

41 Norrish, R. G. W., J. Chem. Soc., 1604 (1929). 

12 Tolman, R. C., J. Am. Chem. Soc., 42, 2506 (1920); 45, 2285 (1923). 

 8Rao, G. G., and Dhar, N. R., J. Phys. Chem., 36, 646 (1932). 

 “Branck, J., and Herzfeld, K. F., J. Phys. Chem., 41, 97 (1937). 
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have been definitely shown in the work of Norrish on the photochemistry enitudes of the light and dark temperature coefficients for a number of 

aldehydes. (Chapter 22.) ‘7 a a was given by Banerji and Dhar.?8 The decomposition of trichloracetic 
Over wide ranges of wave-lengths there may be variations in the quant, as a temperature coefficient of 3.0 in the light and of 4.28 in the dark. For 

yield with the wave-length. In many reactions, the quantum yield increases .." » inversion of cane sugar they give the values 3.4 and 3.82, for the oxidation 

the frequency. In the case of the hydrolysis of tetrachlorplatinic acid 15 the vid 
continues to increase over a range of 3080A, which coresponds to a range 7 
energy levels far too great to be accounted for on the basis of a temperature a 

tribution of vibrational states. The reasons for this phenomenon are py - 
clear. Such results appear to be obtained chiefly in reactions involving polyatom: 

molecules in solution. 1 

* ndium nitrite by iodine, 1.4 and 2.5, and for the action between oxalic and 
3 dic acids 2.2-2.5 and 2.98 respectively. 

can workers have devoted considerable attention to such determinations.?4 

D eral, it has been found that the temperature coefficients of light reactions 
: Beith the wave-length of the incident light, although the coefficients are usually 

| < than those of the corresponding thermal reactions. The greater the extent to 

TEMPERATURE COEFFICIENTS _ nich a reaction is accelerated by light, the smaller is the value of the temperature 
nefficient. Yajnik and Uppal were unable to find any relation between the 
a nerature coefficients and the dielectric constants of the solvents employed. 
Temperature coefficients less than unity are very rarely encountered. They 

auld be interpreted as meaning that the temperature coefficient of some dark 

“pibiting reaction in a chain mechanism is greater than that of the chain- 
snothening processes. 

The temperature coefficients discussed in the preceding paragraphs are those 

+ the velocities of reactions, the light intensity being held constant. The results 
ecounted have held little general significance. More important theoretically are 

results obtained when the amount of absorbed energy is maintained constant 
snd the coefficients are computed for the quantum yields. Such values will differ 
oe those of velocity measurements at constant incident intensity when the 

neasurements are not made under conditions of total absorption if there is a 

ndence of the extinction coefficient upon the temperature. 

an some cases a complex formed in a solution absorbs some of the light, as 

for example, the triiodide ion in reactions involving oxidation by iodine. In such 
a case, the light is partly absorbed by iodine and partly by the triiodide ion, only 
he former being effective. The amount of triiodide ion present depends upon the 

perature since the reaction for its formation has a temperature coefficient. 
ordingly, the photochemical reaction will have a temperature coefficient for 
uantum yield dependent upon a temperature coefficient of the efficient absorp- 
. Such reasoning may conceivably apply also to cases in which solvation of 

the absorbing molecule plays a prominent part. | 

_ But there is a more fundamental sense in which the process of absorption may 
be attended by temperature effects—there may be a variation of the extinction 

icient of a substance with temperature. Tolman 2> noted the possibility that 
‘molecule might have to be raised to an energy state higher than that of the 
jormal state before it would be capable of absorbing certain radiations. Other- 

e stated, the probability of absorption might depend upon the original quantum 
€ of the molecule. There is evidence that the absorption coefficients of gases 
ess temperature coefficients. v. Wartenberg °° concluded that the absorption 

ot longer wave-lengths by oxygen at 1800°C. gave evidence of being largely due 
to molecules possessing a considerable amount of internal energy.27 However, 

Since the secondary processes are thermal reactions, they may be expected | 

possess temperature coefficients different from unity. Nevertheless, early oh. 
vations by Eder (1879) and by Goldberg ?® indicated most of the then ky 
photochemical reactions to have temperature coefficients close to unity. Banero 
and Allen’? disagreed and several reactions with higher values were broyg 
forward by Plotnikow,1® who proposed to classify photochemical reactions jp 
three groups with temperature coefficients of 1.04, 1.20 and 1.45, respectiveny 
Most reactions were thought to belong to the first group. The second group cop 
tained a few reactions in which it was suggested that diffusion processes dete; 
mined the rate.19 The third group comprised chiefly those reactions in whi¢ 
halogens were the absorbers. In determining the temperature coefficient, 4h 
effects of a possible dark reaction had to be eliminated either by working at ye 
low temperatures and with light of high intensity or by subtracting dark rate 

determined in separate experiments. This latter step assumed the principle ¢ 
the additivity of the rates of light and dark reactions, a principle for which the; 
is little present justification. > 
The data at present available for a large number of reactions 2° show the dis 
tribution of temperature coefficients to be random, so that the Plotnikow class: 
fication into three groups has lost significance. Furthermore, the idea that ¢ 
halogens fall into a special class was disproved by Hertel,?1 who found that th 
temperature coefficient for the hydrogen-chlorine combination has different value 
when light of different wave-length regions is employed. With light in the regiot 
of the band spectrum of chlorine, the temperature coefficient is 1.48, but with ligh 
within the continuous region at shorter wave-lengths, it is 1.37. In the presene 
of traces of oxygen, the true values may be masked, since 1.12 was stated to be th 
temperature coefficient of the reaction under such conditions. © 

It was early recognized that the temperature coefficient for a dark reaction 
should be expected to be higher than for a light reaction.2# An’ indication of th 

Se: 

ow 

15 Cited by Style, D. W. G., ‘“‘Photochemistry,” p. 69, Methuen, 1930, from Boll, M., Ann. Physique 
25, 243 (1914). 7 

16 Goldberg, E., Z. physik. Chem., 41, 1 (1903); Z. wiss. Phot., 4, 56 (1906). 

17 Bancroft, W. D., and Allen, R. P., Proc. Nat. Acad. Sci., 15, 445 (1929). 

18 Plotnikow, J., Z. physik. Chem., 78, 573 (1911). a 

19 See for certain reactions in liquid systems, Berthoud, A., and Bellenot, H., J. chim. Phys., 4 
308 (1924). Abel, E., and Schmid, H., Monatsh., 61, 361 (1932), find the temperature coefficient ¢ 
a streaming reaction smaller than that of a quiet one. 

20 For tabulations of temperature coefficients, see Plotnikow, J., “Allgemeine Photochemie,” 2n 
Ed., de Gruyter, Berlin, 1936. Kistiakowsky, G. B., ‘““Photochemical Processes,’? New York, Chemice 
Catalog Co., Inc. (Reinhold Publishing Corp.), 1928. ‘ 

21 Hertel, E., Z. physik. Chem., i5B, 325 (1932). 

22 Bodenstein, M., Z. physik. Chem., 85, 380 (1913). 

23 Banerji, R. C., and Dhar, N. R., Z. anorg. allgem. Chem., 134, 172 (1924); Chem. Abs., ¥ 

2634 (1924). BR 

, # Mukerji, B., and Dhar, N. R., J. Phys. Chem., 33, 850 (1929); Yajnik, N. A., and Uppal, H. L., J. Indian Chem. Soc., 6, 729 (1929); Chem. Abs., 24, 1035 (1930). 
4 Tolman, R. C., J. Am. Chem. Soc., 42, 2506 (1920); 45, 2285 (1923). 
'v. Wartenberg, H., Physik. Z., 11, 1168 (1910). 
ae also observations on bromine by Ribaud, G., Aun. Physique, 12, 107. (1919), and on chlorine 
“9 aoa” J. J., and Fox, J. J., Proc. Roy. Soc., 99A, 456 (1921) and by Kuhn, H., Z. Physik, 39, 
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the effects of temperature on light absorption are generally insufficient to accel 
for the temperature coefficients of photochemical overall reactions. Since a 

tronically excited states cannot be excited by thermal means, at least within « 
temperature ranges usually under consideration, the possibility of getting exci 
states is limited to that of vibrational states. However, for most gases, the null 
ber of molecules in any but the lowest few vibrational levels can usyay, , 
neglected. For this reason, the possibility raised by Tolman apparently is ., 
great practical significance. Young and Style 28 have given a detailed discugg: 
of the manner in which a study of the temperature coefficient of a reaction ‘ 
give information as to its mechanism. According to Dhar and Bhattachary ; 

an increase in the absorption of light by a molecule is associated with increage 

chemical reactivity and a weakening of the binding forces. When a mola 

becomes more reactive because of an increase in temperature or the presence , 
sensitizers it is likely to absorb light more markedly. It has been reporteg 7 
Dhar and Bhargava,®° that in certain cases, the light absorption of a mixture , 

substances may be greater than the sum of the absorptions of the separate gp 
stances. The increased absorption is attributed to an activation of molecules 4 
the presence of other molecules. Fast reactions are claimed to show greater liot 
absorption than do slower ones. “a 

It is possible to eliminate the question of temperature effects on absorptig 
when variations in the temperature coefficients do not occur in systems hayino 
wide range of variation of the original concentration of the absorbing component 
When effects due to a variation of the primary process with temperature can } 
eliminated, as is most generally the case, the temperature coefficients of ‘th 
quantum yields of photochemical reactions give information regarding th 

mechanism of the secondary processes.2! As such, they can best be discussed ; 
connection with the individual reactions in which they are encountered. In gen. 
eral, it has been recognized that the temperature coefficients decrease as shorte 

Hot ¢ 

not as t 
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KINETICS OF PHOTOCHEMICAL REACTIONS 

attempts to generalize regarding the rates of photochemical reactions 

. made, but these have not proved very profitable because of the great 

4 Pity of the individual processes encountered. Conditions affecting the rate 
ym rption of light introduce many variables not encountered in the study of 
f Be ics of thermal reactions. The speed of stirring may influence the rate 
1e Psst of the light is absorbed close to the window through which it enters. 

phe chemical processes may be aided by, opposed by, or independent of simul- 

PO thermal processes. The order of a given reaction conducted thermally 

Biter from that when it is conducted photochemically. : 

w podenstein 35 believed the rate of absorption of light to be the principal facto 

atrolling the velocity of photochemical reactions. . Lae concentration of mole- 

les other than the ones which absorb radiation was also recognized as an impor- 
cnt factor. The simple law relating the rate of the reaction to the absorbed energy 

by /dt=Klaps. 1S applicable only when the possibility of the transfer of the absorbed 

i ergy to ot 

i AN 

f 

Lb 

her molecules by collisions is negligible.*® 

- Wegscheider 87 developed a series of kinetic expressions based upon the con- 

ception that the rate is proportional to the light absorbed in a localized volume 

“f the reaction mixture, rather than to the amount absorbed within the total 

yolume. He extended his mathematical treatment 38 to the velocities of reactions 

ith intermediary formation of excited molecules. Wegscheider believed the 

ttensity of the light to enter the equation for the rate of formation of a product 

4 he first power, but as a power which gradually decreases to zero as the 

‘ntensity decreases. The total absorption from the start of the reaction to the 

exhaustion of the absorbing component might, however, be independent of the 

intensity. He emphasized the possibility that the quantum yield might vary con- 

siderably during the course of a reaction, so that values determined over only a 

selected time interval might be more or less fortuitous. He noted also that only 

jn cases in which the fate of the excited molecule follows a unimolecular law and 

the primary process is irreversible should it be expected that the quantum yield 

would be one. Recently, Wegscheider ®® has treated several systems by taking 

into account the light absorbed by the solvent and the reaction products as well 

as b It is obvious that the secondary processes may be 

wave-lengths of light are employed.22 The use of shorter wave-length light 

usually gives an increased quantum yield but a smaller temperature coefficien| 
but exceptions are known. ‘- 

Most of the sources of a temperature effect of a quantum yield—diffusior 
change in viscosity of a solvent, thermal activation of some one of the secondar 
reactions—would tend to produce definite values of some energy of activation at 

the temperature of measurements, or else would cause the calculated therma 

activation energy for an intermediary process to decrease when determined at 

higher temperatures. Nevertheless, Kistiakowsky 3% has found in two reactions- | 

the oxidation of hydrogen and that of carbon monoxide, irradiated by an aluminum 

spark—temperature coefficients which increased with temperature. Style °* makes 
the suggestion that in such cases collisions of the products of some highly exo: 

thermic secondary reaction with the absorbing molecules may activate the latt 

some thermal activation energy being required for this process. 0 

as by the reacting substances. 
so complex in the individual case and so varied from reaction to reaction that 

attempts at generalizations in regard to the kinetics of overall reactions are not 

likely to be successful. 

Several workers have attempted to classify reactions into those which are pro- 

portional to the first power of the light intensity and into those proportional to the 

square root of the intensity. From studies of nine inorganic reactions, Bhatta- 

charya and Dhar 4° found two (those between chromic and oxalic acids and 

between potassium persulfate and potassium iodide) in accord with the first power 

law. The others were proportional to the square root of the intensity. They 

believed the latter to be the case for reactions with atomic oxygen as an inter- 
i. | 
_ % Bodenstein, M., Trans. Faraday Soc., 21, 525 (1926). 

_ For the dependence of the velocity of a photochemical reaction on the intensity of illumination, 
see also Gaviola, E., Anales assoc. quim. Argentina, 18, 133 (1930). 
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4 4 relationship is more likely to be observed in the region of high frequencies 

® in that of lower ones. | 

“nteempts to relate the rates of photochemical reactions to the dielectric con- 
a ¢ the solvents employed have not proved very profitable. Winther 47 
ag od Dat, in the photooxidation of iodoform and the polymerization of anthra- 
y in a series of solvents, the velocity in general decreased with increasing 
Beat constant of the solvent, but this could not be confirmed by Yajnik and 

a pal. 48 

rhe earlier investigations are replete with instances of photochemical induc- 

eriods, or lags between the beginning of irradiation and start of reaction, 

d also of after-effects or a continuation of reaction after the close of the irradia- 

eriod. These effects are no longer regarded as of great general significance, 

° . many known examples being considered merely as features of the mechanisms 

Eine specific reactions in which they are encountered. At present, induction 
jeriods are usually regarded as the times required for the photochemical destruc- 

‘on of certain inhibitors present in small quantities.49 Reactions claimed to 

a Aibit after-effects have been reported by Mukerji and Dhar.®° It must be 

4 oted that in chain reactions the reaction does not cease instantly when the illu- 
: mination is cut off, as the secondary reactions continue for some time until all | 

chains are broken. Similarly, when the intermediary in the chains is being formed 

at ad a stationary concentration (at which formation and destruction of the inter- 
¥ diary are equal) is being built up, the rate of the overall reaction (which 

pen upon the rate of destruction) need not attain its full value. - 

~The influence of surface catalysts is of importance chiefly as they influence 
te combination rate of free atoms or radicals. Coehn and Heymer 5! devised 

eriments in which hydrogen and chlorine were exposed to light without an 

ortunity of coming into contact with a solid surface. The formation of 
rogen chloride under these conditions proves that the reaction does not depend 

an initial catalysis at a glass wall. Chapman and Grigg 5? have found the rate 
his reaction to be less in capillary tubes than in wider ones. This is inter- 

preted as meaning that the reaction is carried out (see Chapter 18) by means of 

unstable catalyst (hydrogen and chlorine atoms) the latter being formed by 
tL; these atoms are destroyed by recombination when they come in contact with 

mediate. They stated that if the reactants exhibit marked absorption of tig ght, ¢ 
velocity of the reaction increases in proportion to, or more rapidly than jy dua 
proportion to, an increase in the intensity of the light. For systems With bh 
slight absorption of light, they considered the square root law to be valid, Tea 
found possible in many cases to alter the rate of the dark reaction by the additig 
of accelerators or inhibitors. By increasing the dark rate and exposin 

system to radiation which could be only slightly absorbed, a true photochema, 
reaction proportional to the square root of the intensity of the incident radiatis 
or to the amount of energy absorbed, could be made to become Orr onalll 
the first power of the intensity. On the other hand, a reaction proportiona] to t 

incident intensity or to its square could be made proportional to the square ro 
of the intensity by decreasing the velocity of the dark reaction and so creas 
the photochemical velocity. These observations were extended by Mukerji 
Dhar to include #! some fifteen pairs of substances. In a few reactions (Sodiny 
formate and iodine, Rochelle salt and bromine, the oxidation of quinine sulfat 
by chromic acid) the rate was proportional to the square of the intensity, — 
relation was found between the velocity of reaction of oxalic acid with potassiny : 
permanganate and the intensity of the incident light. The other reactions styqje 
fell into the two classes described by Bhattacharya and Dhar, who believe all try 
photochemical reactions (with negligible dark reactions) tend to be Proportions 
to the half or lower power of the intensity of the incident radiation. 

Cases in which the rate appears to increase more rapidly than the intensi 
of the light are attributed by Bhagwat 4? to the presence of inhibitors which q 
relatively less effective in retarding the reaction when the intensity of the ia 
is high. Bhagwat and Dhar 4° also assert that when the reaction velocity ig - 
directly proportional to the light absorption, stirring will tend to increase the rq 
and decrease the temperature coefficient. However, when the velocity is dire 
proportional to the absorption, stirring will have no effect on the velocity of t th 
reaction or the temperature coefficient. 

Allmand 4* found that if the product of the extinction coefficient and the thick 
ness of the absorbing layer is very small, the quantum efficiency for any wave 
length is inversely proportional to the square root of the rate of energy absorptiot 
If the thickness of the absorbing layer is continuously increased from a very sma 
value until it becomes great enough to make the absorption of the incident energ 
complete, the limiting value of the quantum efficiency is twice as great as. tha 
thin layers. : 

Recent work on chan reactions has indicated that in general the square root 
relation may be expected if the substance which acts as intermediary in carta ‘ 
the chain is formed at a rate proportional to the intensity, but does not hold wh and still smaller or even non-existent in the case of smooth or slightly platinized 
the intermediary substance is formed at a rate proportional to the square of it ple tinum.°? In the case of the decomposition at the surface of colloidal platinum, 

concentration.4® Since in many reactions the chains are carried by atoms liberate ie = | " 3 
in the primary process and since these atoms are removed by three-body collision Biaare, 5. O Tndon Pig, So ee ee Boy ae 
involving two atoms, the first-mentioned conditions are frequently. met. This Rig. hand tip fo '}) ‘tuadtan CREM. Soc.c: 6729 11929); DHE: Chew tbs. A 
accounts for the number of reactions for which the square root law has beer 
found to hold with a fair degree of approximation. Bhagwat 4% believes the square 

: _ Although nadianiGn of a graphite catalyst almost triples the rate at which it 

decomposes hydrogen peroxide, the effect is smaller for irradiated lead peroxide 

174 reat Chem. Abs., 24, 9535 *1936). 

49 Farlier points of view are given by Purkayastha, R. M., J. Indian Chem. Soc., 5, 721 (1928); 
Then. #2p5., 23, 2105 (1929). 

' 50 Mukerji, B. K., and Dhar, N. R., J. Indian Chem. Soc., 2, 277 (1925); 5, 203 (1928); Chem. 
—Abs., 23, 41 (1929); "Quart. J . Indian Chem. Soc., 2, 277 (1925); Chem. Abs., 20, 1953 (1926). 

E % Cochn, A., and Heymer, G., Ber., 59B, 1794 (1926). 

oman, D. L., and Grigg, P. P., J. Chem. Soc., 3233 (1928). 
3 Pisarzhevskii, L. V., Korabel’nik, R. K., and Ruinskaya, E. S., Bull. acad. sci. U.R.S.S., Classe Sci. 
oh. nat., 931 (1934); Chem. Abs., 29, 2433 (1935). 

7 

41 Mukerji, B. K., and Dhar, N. R., J. Phys. Chem., 32, 1308 (1928). tf 

42 Bhagwat, W. V., J. Indian Chem. Soc., 11, 443 (1934); Chem. Abs., 28, 7163 (1934). 

PA diane W. V., and Dhar, N. R., J. Indian Chem. Soc., 9, 335 (1932); Chem. Abs., 21; 2 

44 Allmand, A. J., J. Chem. Soc., 1557 (1929). 

45 Style, D. W. G., “Photochemistry,” p. 51, Methuen, London, 1930.. 
46 Bhagwat, W. V., J. Indian Chem. Soc., 11, 443 (1934); Chem. Abs., 28, 7163 (1934). 
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tration during this period, the rate of the overall reaction will be lowered. | 
cen method the life of the catalyst or intermediary has been calculated to be 
oe 12 second. Similar effects were observed by Briers and Chapman ® in 
i, q A ¢ the photosynthesis of hydrogen bromide, the mean life of the intermediary 

‘a 0.063 second. 
Usinc e truly monochromatic radiations are idealizations, all actual photochemical 

4 ons are produced by the simultaneous action of more than one wave-length, 

the velocity constant is the sum of those of the action of ultraviolet light an 

the colloid separately on hydrogen peroxide.** 
d 

PHOTOCHEMICAL EFFECTS OF INTERMITTENT AND PoLYCHROMATIC Ligy>p , Dn 

The possibility of producing different effects by irradiating a system With . 

given quantity of intermittent or continuous light has been studied, notably " 

Padoa and Vita.55> In some reactions, they claimed to secure greater reactio- 

velocities by the use of intermittent light. The light was obtained by employin, 

rotating sectors with a continuous source. In some instances the yield at g.< 

increased with the number of alternations of the sectors and then decreased tg { 
constant value.5® . 

eth ough these be but slightly different. Considerable work has been expended 

i ihe effects produced by the simultaneous use of relatively widely separated 
P velengths. Plotnikow © claimed that the rate of bromination of cinnamic acid 

a rbon tetrachloride solution when simultaneously illuminated by several wave- 

enoths was less, in the ratio of 100 to 158, than the sum of the rates of the 
4 dividual reactions when the wave-lengths were employed separately. Padoa and 
Tita 63 reported a confirmation of this behavior; they claimed also that the reaction 

ate does not decrease as the source is removed to greater distances to the extent 

jemanded by the inverse square law. They reported a similar effect of complex 

ight ‘n diminishing the reaction rate of the decomposition of hydriodic acid, using | 

e460 and 5790A.®* The opposite effect was reported in the case of the hydrogen- 

‘plorine combination and in the action of light on direct-printing photographic paper, 

although in the latter case the order of the application of the wave-lengths used 

appeared to be a deciding factor.6® Similar effects were also reported for the 

decomposition of ferric oxalate. | 

On the other hand, Berthoud,®® who studied the oxidation of potassium nitrite 

by ‘odine in aqueous solution in yellow and blue light separately and together, found 

the effects to be purely additive. Winther 67 stated that the Italian workers 

‘neglected the induction periods of the reactions studied, employed incorrect 

‘methods of determining the rate of liberation of iodine in the hydrogen iodide 

‘decomposition, and employed erroneous transmission values for the filters.°% It 

would appear that an interpretation of the Padoa experiments, assuming them to 

‘be correct, would imply that certain wave-lengths retard the effects produced by 

‘others. This raises the question as to whether any instances are known in which 

‘thermal reactions are retarded by light. Claims that such is the case were made 

‘by Chastaing °° and by Trautz.7 Details need not be given since re-examination 

of these reactions by Allmand and Maddison ™ failed. to confirm the existence of 

‘the retarding effect; this has since been admitted by Trautz. With Haas, how- 

ever, Trautz has recently 7? claimed that blue light accelerates and infrared retards 

the oxidation of benzaldehyde. It may be noted that it has frequently been sug- 

gested that the biological effects of ultraviolet rays may be annulled, at least in. 

part by infrared rays.73 However, others have proposed that the two forms of 

Alternations of two or more colors with no periods of darkness caused a greate, 
dependence of the yield on the velocity of alternation. Pulsating monochromati, 

light was also employed in some of their work.®°? The augmentation in yield 

depended both upon the wave-length of the light and the frequency of interruptio, 

the maximum interruption being 560 times per second. In the oxidation of ferroy: 
iodide by the 4607A line, the velocity was doubled by the use of intermittent ligt i 
This maximum rate was said to occur periodically as the frequency of interruptio, 
‘was increased, the maxima appearing irregularly at interruption frequencies of 
32, 98, 138, 157, 202, 253, 270, 318, 357, 390, 450 and 513 per second. With greg, 
light, the yield ratio was lower (1.70), and the maxima fewer in number, occurring 
at 22, 259 and 532 interruptions per second. With yellow light the maximup 
ratio was 1.62 at 311 interruptions per second. Except at frequencies between 2¢ 
40 and 260-370 interruptions per second, the yield was unaltered by intermittent 

illumination with this light. Red light gave a maximum yield ratio of 1.37 at 47. 

interruptions per second. The authors suggested that the periodic maxima migh 
be due to the formation of active molecules which are the seats of adiabatic trans. 

formations, and that the life of these molecules is greater the greater their energy 
levels. Berthoud 58 was unable to confirm the existence of these maxima. 4 

Berthoud and Bellenot 59 and Briers, Chapman and Walters ®° have used the 
rotating sector method in studying reactions whose rates are proportional to th 
square root of the light intensity, e.g., the oxidation of potassium oxalate by iodi le 

The rate of the reaction varies as the concentration (in a steady state) of an inter: 

mediary, here assumed to be iodine atoms. The latter were formed at a rate pro 
portional to the intensity of the light and destroyed at a rate proportional to the 

square of the concentration of the intermediary. The concentration of the catalyst 

in the steady state can therefore be shown to be proportional to the square root of 

the light intensity. When the sector rotates so rapidly that the secondary processes 

continue throughout the interval of darkness the rate is independent of the speed 

of rotation. When it rotates so slowly that the intermediary is exhausted by the 

secondary processes during each period of darkness, or is materially lowered in 
 ®Plotnikow, J., Z. physik. Chem., 79, 641 (1912). | 

% Padoa, M., and Vita, N., Gaz. chim. Ital., 56, 375 (1926); Trans. Faraday Soc., 21, 573 (1926). 

See also Z. wiss. Phot., 28, 153 (1930); Vita, N., Gage. chim. Ital., 63, 223 (1933). 

 ®Padoa, M., and Vita, N., Gaz. chim. Ital., 56, 164 (1926); Chem. Abs., 20, 2951 (1926); Gaz. 
chim, ital., 58, 3 (1928). . | 

® Berthoud, A., J. chim. phys., 26, 435 (1929). 
_ & Winther, C., Z. wiss. Phot., 31, 251 (1933); 33, 52 (1934). 

 ®See also for further details of the controversy Z. wiss, Phot., 32, 185 (1933). 

_ ®Chastaing, P., Ann. Chim. Phys., 11, 145 (1877). 
q Trautz, M., Physik. Z., 7, 899 (1906); Z. Elektrochem., 13, 550 (1907). 

 Allmand, A. J., and Maddison, R. E. W., J. Chem. Soc., 650 (1927). 

 ®Trautz, M., and Haas, H. E., Z. wiss. Phot., 33, 81, 129 (1934); Chem. Abs., 29, 2869 (1935). 

% Pech, J. L., J. med. Bordeaux, 10, 434 (1925). 

: 

64 Suirkin, Y., and Godnev, I. N., J. Phys. Chem. (U.S.S.R.), 5, 32 (1934) ;- Chem. Abs., 2 

4971 (1934). For other reactions in which surface effects have been held to play a part, see Kondrat eV, 

., Z. Physik, 48, 310 (1928) and Kautsky, H., de Bruijn, H., Neuwirth, R., and Baumeister, ; 

Ber., 66B, 1588 (1933). 

55 Padoa, M., and Vita, N., Gaz. chim. Ital., 57, 187 (1927). 

56 Padoa, M., and Vita, N., Atti II Congr. Naz. Chim. Pura Applica., 1256 (1926). 

57 Padoa, M., and Vita, N., Gaz. chim. ital., 58, 461 (1928). 

58 Berthoud, A., J. chim. phys., 26, 444 (1929). 

59 Berthoud, A., and Bellenot, H., Helv. Chim. Acta, 7, 307 (1924). 
60 Briers, F., Chapman, D. L., and Walters, E., J. Chem. Soc., 562 (1926). 

61 Briers, F., and Chapman, D. L., J. Chem. Soc., 1802 (1928). 
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radiation should be applied simultaneously.“ The Herschel effect in Photog q 
appears to be a case in which infrared radiations annul the effects of Visible 

ultraviolet radiations. a 
Plotnikow 7 has called attention to reactions which appear to Proceeg 

periodic rates when illumination is furnished by complex light. He belieyg, . 

concentration of free halogen in solutions of either bromine or chlorine ip cal 
tetrachloride to undergo periodic fluctuations when irradiated for Prolone. 
periods with complex, but not with monochromatic, light. _ 

Chapter 16 

: Photosensitized Processes 
7 Rowley, C. D., and Larsky, A. W., British P. 325,824 (1928). . 

meg eee: den Fy Fees ae 212 AEA. _. photosensitized processes, the light which causes the reaction to proceed is 
(ha 

S ped, not by the reactants, but by some added substance which is capable of pass- 
on the absorbed energy, ora sufficient portion of it, to the reactants. The simplest 
g ch processes are those in which atoms act as photosensitizers.1 Turner reviewed 

earlier work on the excited systems formed when atoms absorb definite wave- 
oths. Certain widely used terms regarding the nature of collisions in which 
Sted atoms take part were introduced by Klein and Rosseland in 1921.2 They called 

sions of the first kind” those in which a portion of the kinetic energy of two 
ing atoms is expended in raising one of the atoms to an excited state. If, on the 

her hand, an excited atom loses a portion of its excitation energy during a colli- 
on. it is Said to undergo a “collision of the second kind.” It was demonstrated by 

io and Franck * that mercury atoms which had been excited by the absorption of 
tions of the wave-length 2537A, a mercury resonance line, can undergo 
ions of the second kind with thallium or sodium atoms. This means that 
@ the collision the mercury atom passes some of its excitation energy to the 

with which it collides, raising the latter to an excited state. The excess of 
yy possessed by the excited mercury atom over that required to excite the 
um or sodium atom is converted into kinetic energy of the atoms separating 
the collision. The excited alkali atom then, after a brief period, drops back | 
normal state emitting the line corresponding to the energy lost in the tran- 
from the excited state attained as the result of the collision. The effect 

served experimentally is that, when a mixture of sodium and mercury vapors is 
irradiated with a monochromatic ray which is absorbed only by the mercury, the 

ure emits a ray characteristic of sodium. Turner found that in processes of 
kind, the excited mercury atom usually drops to the longer-lived metastable 

ate before colliding with other atoms, at least under certain conditions of pres- 
re.* Stuart’s experiments 44 on the quenching of the resonance fluorescence of 
ury by radiationless collisions with foreign gas atoms indicated the excited 

ercury atom to have a larger effective radius that it has in the ‘normal state. 
The possibility that such collisions of the second kind of excited atoms. with 

molecuies might induce the molecules to enter reactions was soon recognized. 
or, Marshall and Bates® found that hydrogen could be made to combine with 

oxygen when the gas mixture which had been bubbled through liquid mercury 
at the ordinary temperature, is irradiated with the resonance line of mercury 

te Turner, L. A., J. Phys. Chem., 32, 507 (1928). For a detailed discussion, see Mitchell, A. C. G., 
and Zemansky, M. W., “Resonance Radiation and Excited Atoms,’? Cambridge Univ. Press, 1934. 

? Klein, O., and Rosseland, S., Z. Physik, 4, 46 (1921). 

ne 18333 G., Z. Physik, 10, 185 (1922); Cario, G., and Franck, J., Ibid., 11, 161 (1922);: 17, 
YZ (1923). 

a, oh Donat, K., Z. Physik, 29, 345 (1925); Wood, R. W., Proc. Roy. Soc. London, 106A, 
i924), 
“Stuart, H. A., Z. Physik, 32, 262 (1925). 
5 Taylor, H. S., Marshall, A. L., and Bates, J. R., Nature, 117, 267 (1926); see also Senftleben, H 
and Rehren, I., Z. Physik, 37, 529 (1926) for the discussion of water vapor. 
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obtained by the use of a cooled mercury arc. Such a reaction could not be ing, 
by this line in the absence of mercury vapor.6 At high rates of gas flow, hydra 

peroxide could be detected as a product of the reaction, and some mercuric ~ : 
,formed on the surface of the metal.’ Taylor ® reviewed the early work on thie ail 

many other gas reactions and claimed to have reduced carbon monoxide tg fo 

maldehyde, methane and polymerized hydrocarbons by this method. Similar va 
was reported by Hirst.9 Taylor, Marshall and Bates 1° showed that the functi: 

the excited atom can be almost entirely consumed in the excitation of 

m or the disruption of a molecule. Processes in which there is ni 

ecg energy of excitation to be converted into kinetic energy are less probable. 

Eapparatus for effecting gas reactions photosensitized by metal vapors has been 

4 ad 18 Among the reactions for which it was intended was the conversion of 

epgas into formaldehyde. 
: 

. a comparatively simple step from the consideration of these reactions to 

rey of 
er ato 

of the mercury surface was merely to furnish mercury atoms, the reaction oq, pit : those in which the sensitizer is a molecule rather than an atom. Dhar and 

ring in the vapor phase. Mercury atoms adsorbed on a copper catalystl gat © :; 20 and also Berthoud 7" discussed the use of chlorine as a sensitizer for the 

usually not activated sufficiently in the light of a mercury arc to cause a reactin guker) sition of ozone, and Taylor and Emeléus ?? corisidered photosensitization 

between hydrogen and ethylene. . compe of ammonia. In such cases, one is dealing with dissociated and not 
, means ee ee 
Died molecules. The dissociation products can initiate chain reactions. Details 

¢ these processes will be considered in later chapters in dealing with individual 
In the mercury-sensitized, hydrogen-ethylene reaction, there are formed eth 

methane, propane and butane.!2, Three primary reactions are postulated: A 

(1) He+ He* ——> Hg + 2H. | { eactions. aren are nite 
(2) A splitting off of hydrogen from ethylene. J . Other Theories of Photosensitization.”* Many instances of photosensiti- 

(3) The opening of the ethylene double bond. ation DY solids, as zinc oxide, have been described. Colloidal hydrous stannic 
side or ignited stannic oxide is said to enable sunlight to effect the oxidation of 

“amonia to nitrite or the reduction of nitrates to nitrites, and also to decolorize 

“ach dyes as methyl violet, methylene blue or brilliant green. The yields are 

“7e: y small.?4 rer 
 Jrradiation of a crystal of cadmium sulfide so alters the potential of its surface 

eld as to lessen its ability to adsorb phenolphthalein from an alcoholic solution.?° 

"A novel theory of sensitized photolysis, developed by Baur 26 to explain the 

action of zinc oxide or uranyl salts in promoting various photochemical processes, 

ac also been extended to cover certain cases of sensitization by dyes. The 

sitizer is thought to become on absorption of light a polarized molecule, com- 

able to the two electrodes of an electrolytic cell.2" In the case of uranyl salts, the 

absorption process is written: 3 

The last reaction is possible since it requires less energy than that correspondip 
to the 4.9 volts or 112 kcal. of excitation energy of the mercury atom. Bates an 
Taylor 1% extended the method to a wide variety of reactions, including map 
organic compounds. They found the excited mercury atom highly efficient in brea] 
ing the linkings, H—H, N—H and O—-H. The decompositions obtained were offs 
many hundreds of times those obtained by exposure of the reactants to the con 
plete ultraviolet spectrum of the mercury arc without the addition of the sensitize: 

From this it followed that the energies of these bonds must all be less than 112 keal 
a conclusion substantiated by thermal data. In the breakdown of ammonia, tf 

percentage of hydrogen in the reaction products was found to be be greatly j 
excess of that required had a simple decomposition to the elements occurred, _ 
was therefore, suggested that the reaction occurs in stages, in such a way th 
some nitrogen-rich substance such as hydrazine can be formed.1* Mitchell” al, 
reported on the fluorescence of ammonia excited by collisions with excited mercur 
atoms. Bates and Taylor 16 extended the investigation to sensitizations by cad 
mium vapor, but Bates found that cadmium atoms excited to the 2°P, state did 1 
possess sufficient energy to effect the reaction between hydrogen and ethylene! 
The possibility of such a reaction can at present be determined directly from tt 
energy-level diagram of the atom proposed as sensitizer and from the thermal 
known energy requirement for the reaction in question. In general, it has bee 
found to be true that collisions of the second kind are most probable when th 

SUM + hy —> | Sunt 

Tn a more general form, it. may be written: 
” 
‘2 | UVI + hy —— UVI pe 

The displaced electrons return to their original state through a “molecular elec- 

ysis,” the energy for which is derived from the increase in the potential energy 

f the valence electrons attained during the process of light absorption. The 

"wT, G. Farbenindustrie A.-G., British P. 307,406, Feb. 11, 1927; 307,521, Feb. 11, 1927; Chem. 
Abs., 23, 5112 (1929). ' 

See also Frankenburger, W., and Steigerwald, C., German P. 513,461, Nov. 21, 1926; Chem. 

., 25, 1303 (1931); Frankenburger, W., and Mayrhofer, K., German P. 528,040, Sept. 4, 1927 (to 

BG, ee easstis) ; Buttolph, L. J., U. S. P. 1,844,421, Feb. 9, 1932 (to General Electric Vapor 

Lamp 0.). 

_ *Dhar, N. R., and Mukerji, B. K., Trans. Faraday Soc., 21, 645 (1926). 

- “Berthoud, A., Trans. Faraday Soc., 21, 554 (1926). 

 2Taylor, H. S., and Emeléus, H. J., J. Am. Chem. Soc., 52, 2150 (1930). 

8B iti i i E Pe & | ; iP, . ise 

12 Olson, A. R., and Meyers, C. H., J. Am. Chem. Soc., 48, 389 (1926); 49, 3131 (1927). Tee eee eens tization ns easton, Rad. Che ae it pag asthe, Harteck, P., 2. Elek-, 

18 Bates, J. R., and Taylor, H. S., Proc. Nat. Acad. Sci., 12, 714 (1926); J. Am. Chem. Soc., 4 - *Varadanam, C. I., and Rao, G. G., Current Sci., 7, 231 (1938); Chem. Abs., 33, 1598 (1939). 
2438 (1927). ; ; x. 

14 See also Dickinson, R. G., and Mitchell, A. C. G., Proc. Nat. Acad. Sci., 12, 692 (1926). x Misc e ss J 108 ar a8) ae bia g yt mute “aloe Narenyes, Pee Tag, J. Coane, 
pel oJ. «J» 9 > ° “7 > * 

5 pars “s G. Ce meee “are Soc., 49, 2699 aeat |  *Baur, E., Helv. Chim. Acta, 1, 186 (1918); 12, 793 (1929); Z. Elektrochem., 34, 595 (1928). 

Bates, J. R., and Taylor, H. S., J. Am. Chem. Soc., 50, 771 (1928). ,  Burgher, K., Z. wiss. Phot., 24, 393 (1927). Baur has attempted to use his concept in explaining 

17 Bates, J. R., Proc. Nat. Acad. Sci., 14, 849 (1928). Me assimilation of carbon dioxide by plants, Helv. Chim. Acta, 20, 387 (1937). 

6 Dickinson, R. G., Proc. Nat. Acad. Sci., 10, 409 (1924); Marshall, A. L., J. Phys. Chem., 30 

34, 1078 (1926). 

7 See also Bonhoeffer, K. F., and Loeb, S., Z. physik. Chem., 119, 474 (1926), and Hirst, H.# 

and Rideal, E. K., Nature, 117, 449 (1926). _ 

8 Taylor, H. S., Trans. Faraday Soc., 21, 560 (1926). : 

® Hirst, H. S., Proc. Cambridge Phil. Soc., 23, 162 (1926); Chem. Abs., 20, 2459 (1926). 
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positive and negative poles in the molecule act as anode and cathode in 
molecular electrolysis. Using silver nitrate as cathodic depolarizer an 
glycine or glycerol as anodic depolarizer, the sensitizing action of the 
dyes has been studied: rhodamine B, eosin, safranine-G, phenosafranine, fluoresce:! 
methyl violet, chromotrope-2R. The photolysis results in the separation of sila 
and the concomitant formation of oxidation products. Some silver was liberate. 
in the binary systems, silver nitrate-dye, silver nitrate-sucrose, but a large 1 

i re excitation energy by collisions of the second kind -and thus render it 

y -’ the reaction, also decreases the fluorescence. Many believe that the 

aila r ’ cess in the reactions underlying photodynamic oxidations by dyes is 

am hing of their fluorescence in solution by reactants.*# Others, however, 

ae t Ff ceneral, photosensitized reactions in solution proceed rather by the 

liev’ Py absorbed in linkings or parts of the sensitizing molecule which never 

ae fuorescence.5 

a king ; 

d SUCT Og 
followin, 

T amoup appears 45 d of it ching has been the was set free in the ternary systems composed of dye and depolarizers, | ~The mechanism of the fluorescence of dyes and of its quen sg ‘ 
The sensitized photolysis very soon reaches a stationary state, aDParenyy. a ct of much recent work. The advances in this, possibly the phase ie; 10to- 

owing to the formation of a new anodic depolarizer which begins to compete wil iy ey at present the most rapidly developing, have been summarized in a 
the existing depolarizer. The experiments with glycine and glycerol 4 - ussion of the Faraday Society.3¢ Although the subject is still in a show thay vecent disc 

~ what confused state, certain concepts have emerged. : 

,. ‘nosheim 87 points out that fluorescence is the exception rather than the rule 

Sa ec molecules, most substances with large light absorption converting the 

. thus acquired into heat by little understood mechanisms. He finds little 

4 od regarding the conditions that must be met in order that a substance in a 

aa ed phase may fluoresce. One view is that, since the absorption of fluores- 

wa : es lies in the visible region, the quanta gained by absorption are too small 

+ te quenching processes and, therefore, can only be lost by fluorescence. 

. seems inadequate since a large number of dyes with visible absorption are 

not fluorescent. In the rare earths and uranyl compounds, the narrowness of the 

ee rption bands has been held to indicate that the electron transfer process 1s 

ol protected against fluorescence. Although this seems true also of chloropyhll 

id porphyrins, it does not apply to many dyes, such as uranin or trypaflavin, so 

‘that it is improbable that there can be a definite correlation between the eres: 

‘cence of a compound and the width of its absorption bands. | Furthermore, there 

‘seems to be no parallelism between the electrical conductivity of a dye and its 

‘fuorescence, although it is true that, as in the case of fluorescent indicators, the 

absorption spectra and fluorescence may vary with the state of ionization of the 

dye. Weiss °° believes that all organic molecules with strong fluorescence nae 

‘conjugated band systems in which the excitation energy 1s not easily transforme 

‘into heat, or in other words, that there is no coupling between free electrons of 

these systems and the vibrations of the heavy particles. Mumm *® regards the 

fluorescent substance as an intermediate state (resonance form) between two end 

‘structures. Absorption raises an electron to an excited state from which it drops 

to one of the end states with the appearance of fluorescence. This end structure 

‘then passes to the intermediate state with evolution of heat. He has applied this 

‘theory, developed for N-methyl-a-pyridones, to the fluorescence of barium platino- 

cyanide and to uranyl salts. 3 

A number of studies have been concerned with the measurement of the fluores- 

“cence efficiency of dyes and other substances. Some materials, as solid anthracene, 

have high efficiencies approximating unity. In various solvents, however, anthra- 

cene has maximal efficiencies which vary from 0.28 to 0.01. Bowen and Norton 39 

these substances can be further oxidized in this manner. | 
The investigation of Burgher lends support to an inner polarization mechanigp 

for sensitization. It may also be noted that in certain instances photosensitizatio 
may be ascribed to the absorption of light by complexes formed between 4, 
sensitizer and one of the reactants, neither of the components absorbing alone 
Instances will be discussed in the treatment of specific reactions. 7 

The ability of a series of complex cobalt salts to sensitize the Oxidation 9 
potassium iodide, pyrogallol, benzidine, p-phenylenediamine and other substances 
when both the substrate and sensitizer are irradiated, usually by the 3660A fing 
was studied by Watanabe.*8 Of the nitro-cobaltic compounds, those which ha, 
two nitro-groups attached to the nucleus were most strongly affected by light 
The oxidizing ability of the croceo-chloride (trans) was more photosensitive thay 
that of the flavo-chloride (cis), which showed oxidizing action even in darkness 
The magnitude of the photoactivity of nuclei of the type Co(NHs3)5X was infly 
enced by the coordinated acid radical in the order SCN>NO,>COz>CL. q 

Mukerji and Dhar ?° find that in photosensitized systems there is a marked 
\ iit in the light absorption not found in systems they believe to be photo 

inhibited. Dhar and Bhattacharya®° suggest that the presence of a seco 1c 
reactant may sensitize molecules to radiation of longer wave-length. 

Relation of Fluorescence to Sensitization.2! An understanding of the 
nature of the photodynamic action of many fluorescent dyes upon living organis ns 
(Chapter 42) and of the function of chlorophyll in the photosynthesis of carbo. 
hydrates (Chapter 43) depends upon the advances in our knowledge of the 
mechanism of photosensitization by these fluorescent substances. A much discussed 
recent question is whether the reactions effected by these agents are to be ascribec 
to their fluorescence or whether this property is merely an incidental phenomenon © 
which may even lessen their effectiveness as sensitizers. Viale 32 believed that, 
since the additions of foreign substances to dyes lessened both their fluorescence 
and their effectiveness as sensitizers, the fluorescence was in some manner respon- 
sible for their sensitizing action. West, Miiller and Jette,33 however, pointed out 
that any addition of ions in solution which tends to destroy an activated molecule 
will simultaneously destroy the ability of that molecule to impart its energy to a 
chemical reaction or to emit it as fluorescence. The addition of reactants, which 

. _ * Noack, K., Naturwiss., 14, 383 (1926); Chem. Abs., 20, 2521 (1926); 21, 2011 (1927); Biochem. 
*8 Watanabe, A., Iwata Inst. Plant Biochem. Publ., 2, 129 (1936); Chem. Abs., 30, 6650 (1936). _ Z,, 183, 144 (1927); Gaffron, H., Biochem. Z., 179, 157 (1926). 
29 Mukerji, B. K., and Dhar, N. R., J. Indian Chem. Soc., 5, 411 (1928); Chem. Abs., 23, 40 (1929). Bo on E., and Sheremet’ev, G., J. Phys. Chem. (U.S.S.R.), 8, 640 (1936); Chem. Abs., 31, 

30 Dh im. h ) RES Te Ineé . Soc., 11, 33 (1934); Brit. Chem. Abs a . : per ee N. R., and Bhattacharya, A OH J. Indian Chem. Soc., 11, ( ) rit em A Bees tay S00, 38, 18: 11989). 

81 For earlier theoretical discussions, see Steigmann, A., Kolloid-Z., 44, 173, 248 (1928); Z. wis. 87 Pringsheim, P., Ibid., 35, 28 (1939). 
Phot., 26, 299 (1929).  8Mumm, O., Ber., 72B, 29 (1939). For an earlier discussion of theories of fluorescence, see Per- 

82 Viale, G., Arch. ital. biol., 73, 19 (1924); Chem. -Abs., 19, 2346 (1925). Tin, F., Ann. Physique, 12, 169 (1929). 
83 West, W., Miiller, R. H., and Jette, E., Proc. Roy. Soc. London, 121A, 294, 299, 313 (1928). — _ * Bowen, E. J., and Norton, A., Trans. Faraday Soc., 35, 44 (1939). 
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a 

find that the fluorescence efficiency F depends on the nature of the fluores | stich paramagnetic ions as Fe, Ni*+, Cutt may quench the fluorescence 
Ca eC . of 

substance, the solvent, concentration of solute, temperature and concentration ,  ephytins by a magnetic predissociation process. Halide -10ns might also 
ky . C ¢ porP dyes by a predissociation process induced by their electric fields did their 

quencher. It may be expressed by F Ra gti in which k,; and ky are Constant Bon env elopes not prevent the ions from approaching closely enough. Hii 

2 2 : 4 drau trong magnetic fields do not affect the fluorescence ot dye 
Many processes tend to lower the efficiency in solution. Some, such as ap inf oweve! i. 7 ne sie ions to act by a radiationless transfer of an 
filtering action of some solute or of the solvent, or the formation of Non-fluorege a Jutions: at gu", from the ion to the excited dye.. This theory may be compared with the 

ae Hachkowskii and Terenin 45 that molecules adsorbed on fluorescent solids 
jew 2 by taking up free electrons from the solids to form negative ions. 

pent wy 46 has developed his theory in. considerable detail and employed it to 

a a a number of experimental observations. The irradiation with a 1500-watt 

ater Pr arc of a methylene blue solution in the presence of the ferrous ion, causes 

 eaching which is reversed when the irradiation ceases. | 

compounds with the solvent, or the formation of aggregates,# do not appear tol 
related to true quenching processes. The progressive introduction of halogen 
into such a dye as fluorescein diminishes the fluorescence; for this the somewh. 

misleading term “internal quenching” has been suggested. a 

True quenching of fluorescence in solution refers to a process in which 4 
excitation energy absorbed by a certain percentage of the absorbing molecules pas 
be transferred to other molecules before it can be emitted as light.41 Two ty a 
have been distinguished. The quenching is said to be static when the quenchip, 
molecule is within the sphere of action of the fluorescent molecule during ¢, 
absorption process. When the quencher must diffuse toward the excited molec . 
during its lifetime, the quenching is said to be diffusional. Many strong quenchers 

of dye fluorescence act in this manner. | q 
The quencher may be an inorganic ion, as studied by West, Miiller and Jette 4 

a foreign molecule as oxygen, or even other molecules of the fluorescent substance 
If the latter, the process of quenching (self-extinction) generally causes #, 
fluorescence intensity to decrease with an increasing concentration of the dye 

light MB,He ’ 

MB + 2Fe* + 2H* 2 Sy... .+.2Fe™ 
dark leuco-dye. 

Db: Although the iodide ion had no similar effect on methylene blue, it did cause 

a bleaching action, proportional to the square root of the light intensity, on Lauth’s 

violet and a slight one on eosin. Weiss holds that when an excited dye mole- 

cule D* collides with an acceptor molecule or ion which has an electron in a level 

corresponding to that left vacant by the electronic shift in the dye ee 

Self-extinction may be regarded as due to collisions of the second kind betwee the electron passes to the excited dye, forming the non-fluorescent excite j 

like molecules. Kautsky,#® however, claims that this is incorrect and that self a 
extinction is due to a lengthening of the life of the excited molecules. This viey i 
is based chiefly upon observations of fluorescent solids which show increase uy 
phosphorescence with decreased fluorescence. Kautsky claims that in liquids lone © Z 
lived states may be produced, although the phosphorescence lasts but 10-3 gee A quantum mechanical resonance between the states (D*, Accep) and D-, Accep*) 

because of the greater ease of the conversion of excitation energy into therma is assumed. The dye molecule with the electron thus acquired may then on com- 
energy. Concentration quenching occurs at such low concentrations as 10-4 mole Pe... i 

: 
‘pination with a proton form a semiquinone DH, two molecules of which react to 

per liter in the case of anthracene solutions. Pringsheim points out that this coule form the leucobase and oxidized dye. 

scarcely be accounted for by energy resonance between excited and unexcited mole. a 
cules. He suggests that it may more likely be related to a utilization of part of the i ‘ DE ee 

energy in some photochemical change, the excess being converted into heat. In ; 2DH —— DH. + D. 

the case of anthracene, the reaction is the formation of dianthracene (Chapter 26), ee ; : . : i 
The self-extinction of fluorescence is also encountered in the case se ~? photo- ‘Tt was possible to develop mathematical relations between the relative bifecttveneas 

4 of various halogen ions in quenching dye fluorescence and their electron affinities. 
chemical reactions of other hydrocarbons with condensed ring systems. j : ; . ‘ 4s 

Other molecules, e.g., non-fluorescent dyes, with absorption bands overlapping ‘a _The reactions described may also be used to explain salah TTR DG 

those of the fluorescent substance, act as strong quenchers. Many antioxidants,“ 7 oxidation of larger quantities of ferrous 10n, Navies or ria more © a 

phenols, amines and the iodide ion act as quenchers. In such cases, little is know when the semiquinone or leucobase has been pai . ae in oct jn as af) the 
of the mechanism of quenching. Most quenchers act only after many collisions mally to the dye by the air and thus be made capable of oxidizing mo 

and in some cases it is believed that the quenching is stepwise. Since the tem- acceptor. a 
perature has little influence, no activation seems necessary. 7 It will be noted that this theory takes no account of any effect which oxygen 

In the Faraday Society discussion, D. D. Eley suggested that the magnetic itself may have upon the fluorescence of the dye.4® It has, however, been demon- 
| | | strated that the fluorescence of chlorophyll or hematoporphyrin can be quenched 

by molecular oxygen, and cannot be quenched by acceptors, such as thiosinamine or 

— D* + Accep. = D- + Accept* 
D* + I- z= D +I 
D*¥+Fet* wD + Fe* 

40 Kortiim, G., Z. physik. Chem., 33B, 1 (1936); 34B, 255 (1936); Lewschin, W. L., Acta Physico- 
chim. U.S.S.R., 2, 221 (1935); Chem. Abs., 29, 7798 (1935). 

41 Franck, J. M., and Wawilow, S. J., Z. Physik., 69, 100 (1931); Sveshnikov, B., Acta Physicocht i 
pee. (1935); 4, 453 (1936); 7, 755 (1937); Chem. Abs., 30, 3327 (1936); 31, 5681 (1937); 

9 e 

42 West, W., Miller, R. H:, and Jette, E., Proc. Roy. Soc. London, 121A, 294, 299, 313 (1928). a 

43 Kautsky, H., and Merkel, H., Naturwiss., 27, 195 (1939). “a 

44 Perrin, J., Compt. rend., 184, 1097 (1927); Privault, [bid., 184, 1120 (1927). 

_ 4 Hachkowskii, V., and Terenin, A., Acta Physicochim. U.R.S.S., 1, 521 eT ake soe ag 

_ 4 Weiss, J. | Faraday Soc., 32, 1331 (1937); 35, 48 (1939); Nature, 135, > 136, 

794 Host’ Weise, and Fishgold, H., Z. physik. Chem., 32B, 135 (1936); Nature, 137, 71 (1936). 

41See also Weber, K., Z. physik. Chem., 30B, 69 (1935). ) 

4 Schneider, E., Z. physik. Chem., 28B, 311 (1935). 
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isoamylamine. Such observations led Kautsky 49 to propose a differ ve ee ent then sone violet per 10 cc., the rate of decomposition of an active methanol solu- 
of photosensitized oxidations according to which it is assumed that collision aa ining 28.2 gm. per liter of sodium N-chloro-p-toluenesulfonamide is 
an excited dye molecule raises an oxygen molecule into a metastable excite d Wit yn San “4 their absence, when exposed to intense visible light. Since simul- 

Gaffron °° disagreed with this (for further details see Chapter 44) and F Stat jower * ments with these dye mixtures in darkness did not show a loss of t _ 
Levi °! suggested that the HO, molecule may be formed in the quenching pe an 

and subsequently react with an acceptor. Weiss suggests the possibility of the 

ion instead, believing its formation especially likely in the case of the “_ 
of an oxygen molecule with an absorbed and excited dye such as trypa 

In his most recent work, Kautsky 5? studies particularly the Phosphorescen, 
of dyestuffs adsorbed on silica or alumina gels and maintained in an evacualll 
vessel. The phosphorescence is said to be quenched by oxygen independen _ 
of its pressure down to a few thousandths of amm. The quenching of the fluotell 

cence, however, is said to depend upon the oxygen pressure. Kautsky interpret 
these experiments as favoring the formation of metastable oxygen molecules, sing 

he could detect their diffusion by the following method: A mixture of fine eral - 
of silica gel with adsorbed sensitizer and larger grains of silica gel with adsorbeg 
leuco-methylene blue became blue when the oxygen pressure was made just small 
enough to quench the fluorescence of the sensitizer. When both the sensitizer an 
the acceptor are adsorbed on the same surface, the diffusion path is shortened aa 

- in light the color becomes blue at pressures up to one atmosphere. Such a mixed 

adsorbate is regarded as representing a transition to the conditions encountered 
in solution. An essential feature of Kautsky’s theory is the phosphorescence, some 
oxygen-free solutions of sensitizers being reported to exhibit light for as long a 
10-* sec., after illumination, whereas the life of the usual excited state which causes of the National Research Council.®t 
fluorescence is only of the order of 10-8 sec. This phosphorescence, the yield 9 ; 
which is small, is thought to occur only in regions where there is slight association i PHOTOCHEMICAL REACTIONS IN SURFACES 
of the dye molecules. This afterglow is thought to be due to metastable exciteg 
states of dyes capable of causing but weak fluorescence. The afterglow can be 

demonstrated by the addition to 20 cc. of acetone of two to four drops of a 0.00 
molar solution of any such efficient photosensitizers of oxidation as isoquinoline 
red, benzoflavine, eosin, hematoporphyrin, chlorophyll, erythrosin, phloxin or rose 
Bengal.5+ Strongly fluorescent compounds do not exhibit it under these conditions 
A very small concentration of oxygen inhibits the afterglow, but the oxygen 
acceptors, thiosinamine and isoamylamine, have no effect. . . 

Scheibe *© suggests that in solution certain dyes may occur as polymers of 
several hundred molecules. The polymer may absorb many quanta simultaneously. 
This energy may be lost by fluorescence or by collision with a foreign molecule 
which may thus acquire a very large number of quanta, resulting in the formation 
of short-lived intermediate products at energy levels which could never be attained 
by the direct absorption of light. F 

Claims of the existence of a negative photosensitization have been made. 
Milbauer 6 observed that in the presence of 0.02, 0.2 or 1.0 mg. of the dyes Nile 
blue, Brilliant Green, Capri Blue, phenosafranine, fuchsin, pinacryptol green of 

3 xpeti : : : 
mee a i iotine, it was believed that a negative photocatalysis had been demon- 

ctivat In the same range of concentrations, malachite green, pinacryptol yellow 

trate th jJene blue did not exhibit this phenomenon, for in darkness they consumed 

nd eieniotine and were themselves decomposed. 

Be cre complete discussion of the phenomena of luminescence and phosphores- 

‘ " ies beyond the scope of this book, although in some instances ultraviolet 

. ns may be employed in eliciting these phenomena. Some developments of 

Br tier work in these fields led to significant work on the nature of the color- 
the ¢@ roduced in alkali halide crystals by irradiation. These are discussed in 

ot + 21. A general discussion of the mechanism of phosphorescence has been 

 , Pohl.27 A. phosphor may be defined as an insulating crystalline material 

s! Be hich 4 minute trace of a highly refracting substance has been incorporated in 

Bolten state. Excitation consists in the liberation of electron by photoelectric 

is luminosity arises from the return of such electrons to the normal state. 

~ Chemoluminescence. This phenomenon represents, in a way, the converse 

x a photochemical change or of a photosensitized reaction. Te is a process in 

which light is evolved during the course of a chemical reaction; the efficiency is 

seldom more than 1 per cent. Limitations of space prevent the discussion of this 

topic. For recent discussions, see Kautsky,®® Nichols,5® Beutler,°° and a report 

COllisig 

Recently an attempt has been made to develop the theory that the velocity of 

photochemical reactions conducted in mono- or multi-molecular layers at the surface 

‘of a liquid depends upon the molecular orientation of the absorbing molecules.® 

Among the reactions studied have been the hydrolysis of stearic anilide spread on 

“half-normal sulfuric acid, the decomposition of a-hydroxystearic acid with liber- 

ation of carbon dioxide produced by wave-lengths shorter than 2480A, the oxidation 

and hydrolysis of proteins, etc. The effects of traces of such sensitizers as nickel 

and copper and of inhibitors as potassium cyanide is, in some cases, pronounced. 

~ On glass of refractive index 1.5, invisible multilayers of barium acid stearate 
‘(containing equal parts of stearic acid and barium stearate in each) when irradi-. 

ated by a high-pressure mercury arc showed interference colors. Five minutes of 

irradiation of a 48-layer film caused a loss of optical thickness which amounted 

to one layer.®8 The loss continued for several hours after the irradiation had been 

stopped, finally amounting to more than two layers. A similar change occurs in 

_ pure stearic acid layers, but barium stearate shows only one twentieth this loss. 

4 57 Pohl, R. W., Naturwiss., 16, 477 (1928); see also Melville, H. W., Science Progress, 33, 527 
f (1939); Leverenz, H. W., and pet, ¥.. * Applied Physics, 10, 479 (1939); Symposium on Lumi- 

ne - ve hescence, Trans. Faraday Soc., 35, 2 (1939). 
49 Kautsky, H., and de Bruijn, H., Naturwiss., 19, 1043 (1931); Kautsky, H., Ber., 65, 1762 (1932)5 . 

Trans. Faraday Soc., 35, 216 (1939). : ? ; ee ttsky, H., Trans. Faraday Soc., 21, 591 (1925). 

60 Gaffron, H., Biochem. Z., 264, 251 (1933); Ber., 68, 1409 (1935). Beir E. L., J. Opt. Soc. Am., 20, 106 (1930). 
5l Franck, J., and Levi, H., Naturwiss., 23, 229 (1935). 7 iigoa’ tler, H., Angew. Chem., 45, 249 (1932); Beutler, H.; and Polanyi, M., Z. Physik, 47, 379 

52 See Pringsheim, P., and Vogels, H., J. chim. phys., 33, 345 (1936). 1 Bull h 1 59. 30 (1927 

58 Kautsky, H., Trans. Faraday Soc., 35, 216 (1939). P Bee Research Cownch, 59, ( 1 ‘ ® Mitchell, J. S., J. Chem. Physics, 4, 725 (1936); 5, 83 (1937); Mitchell, J. S., Rideal, E. K., 
54 Kautsky, H., Hirsch, A., and Flesch, W., Ber., 68B, 152 (1935). and Schulman I H., Nature, 139, 625 (1937); Rideal, E. K., and Mitchell, J. S., Proc. Roy. Soc. 
553 Scheibe, G., Naturwiss., 25, 795 (1937). | London, 159A, 206 (1937). 
56 Milbauer, J., Chem. Listy, 29, 267 (1935); Phot. Korr., 71, 94; Chem. Abs., 30, 1661 (1936). Meaccicr, V. J., Science, 89, 465 (1939). 
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ded to completion. Since the product on standing, whether in ordinary or in It is beli iati 7 ic acai | | am is believed that radiations of 2300-2700A split the molecules of stearic acid af rocee tight loses its optical activity and since this cannot be restored by 
the attachment of the carboxyl group. 

olat? exposure to polarized light, it was inferred that optical activity arises at 

PHOTOCHEMISTRY AND OPTICAL ACTIVITY | | ae nent of the synthesis of the compound. The degree of rotation secured, 

rete 7 the ™ h small (0.04°), was beyond the limit of error of the observations. The 

There have been many attempts to prepare optically active substances althous ‘5 a chain, initiated by excited bromine atoms in which activated trinitro- 

methods such that the form with one configuration results in larger amount thay Bene molecules may or may not take part. In diffused daylight or in unpolar- 

te sti its antipode. One of the first successful experiments was performed in 193 0 i yd light the reaction failed to form optically active material. Optically inactive: 

Kuhn: and Knopf.®* It involved the use of circularly polarized light in causing the a +rostilbene dibromide is. not rendered active by exposure of its solutions in 

decomposition of g-azidopropiondimethylamide. This compound has an absorption trint Eager to circularly polarized light. In these experiments, the circularly 

band at about 2900A with a strong anisotropic factor of 0.02-0.03.65 When acted Bari zed light was obtained by reflecting the light of a glass-enclosed mercury arc 
> upon in hexane solution by circularly polarized light of this wave-length, it under 

goes decomposition of the azido-group, one stereoisomer being decomposed tg 
greater extent than the other. This is because the difference between the absopp_ 
tion coefficients of the compound for right and left circularly polarized light jg a 
stated, about 2 to 3 per cent. From the amount of nitrogen liberated, it was shown 

that the reaction follows approximately the Einstein equivalence law. The 
unchanged dimethylamide can be separated from the reaction products by distil]g_ 
tion. When 40 per cent of the original racemic compound had been decompogeq 
the remainder showed in a 10-cm. polariscope tube a rotation of +0.78° when th 
irradiation had been conducted with d-circularly polarized light and of ~1 048 
when J-circularly polarized light had been used. The order of magnitude of thege 
effects was in agreement with theoretical predictions. Kuhn, with Braun 6 hal 

made earlier similar observations on ethyl ¢-bromopropionate in which near ultra- 
violet bands powerfully influence the optical activity. . ‘- 

‘Important earlier contributions to the field of asymmetric synthesis employing 
circularly polarized light and magnetic fields were made by Cotton.67 In these 
experiments, active molecules were not, however, produced, as there resulted only an 
active arrangement of the molecules in a medium.®® Studies of the photodichroism 

and photoanisotropy of light-sensitive solid layers of a gelatin photographic emul- 
sion have been made by Weigert.6® The primary action in induced photodichroism 
is assumed to be the deformation of micelles held together by van der Waals 
forces. The form of the spheres detached within the micelles depends on the wave- 
form of the exciting light.7° 4 

There have been other recent attempts to obtain a total asymmetric synthesis. 
Davis and Haggie7! reported the production of optically active trinitrostilbene 
dibromide by the photobromination of 2,4,6-trinitrostilbene by circularly polarized 
light of wave-lengths 3600 to 4500A. As solvents, they used carbon tetrachloride, 
benzene, glacial acetic acid and nitrobenzene. The last was the most suitable. 
In every case the reaction mixture assumed an optical activity which increased 
to a maximum and then decreased slowly and finally disappeared as the reaction 

Fuered through blue cobalt glass at the polarizing angle from a plate of black 

fl e and by passage through a thin sheet of: mica. No optically active product 

ee be obtained by the use of circularly polarized light of wave-length 5890- 

B06 A The formation of optically active material was also observed when chlo- 

is reacted with trinitrostilbene in nitrobenzene solution in circularly polarized | 

om of wave-lengths between 3600 and A4500A. The reaction was much faster 

- in the case of bromine but no greater activity could be obtained. Maximum 

ations were obtained in about 45 minutes. . = 

Attempts of this sort had been previously made by Ghosh and Purkayastha | 

in the bromination of stilbene and of cinnamic acid, but the formation of optically 

active materials was not described. They found for the same intensities, ordinary 

light and plane polarized light to be equally effective, and circularly polarized 

light slightly less so. In the decomposition of potassium manganioxalate, how- 

‘ever, it was slightly more effective than either non-polarized or plane-polarized 

Beijent.” 
| er. irradiating methyl (4-methylpheny]) ( p-ethylphenyl)trimethylmethane with 

circularly polarized light of 4300A while introducing chlorine at 0°, Karagunis and 

Drikes ™ claimed to have obtained an optical rotation of 0.1° When light (5890A ) 

‘which lies within the absorption band was used, the opposite rotation appeared. 

Observations by Baly and Semmens 7 regarding the action of plane polarized 

‘fight in hydrolyzing starch in plant leaves stimulated a large amount of work in 

which it was attempted to show that polarized light is more effective than ordinary 

‘light in effecting various photochemical reactions. Whatever may subsequently 

he found in regard to the action of plane polarized light upon substrates the mole- 

cules of which are definitely oriented in surface layers, in solids or in biological 

structures, there is no reason to expect it to be more effective than ordinary light 

of equal intensity in effecting photochemical reactions in solutions in which the 

substrate molecules have a random orientation. It has been shown by Bhatnagar, 

Anand and Gupta 76 that no differences are to be observed in the photochemical 

reactions by polarized and ordinary light between diammonium oxalate and mer- 

curic chloride or in the decomposition of alkaline hydrogen peroxide. 

Arial as and Knopf, E., Natwrwiss., 18, 183 (1930); Z. physik. Chem., TB, 292 (1930); Bera Nevertheless, it has been claimed 77 that polarized light produces changes in the 
63B, 190 (1930). 

6 The theory of the relation between circular dichroism and optical rotatory power within and with-— 
ony ae ae bands previously developed by Kuhn, W., Z. physik. Chem., 4B, 14 (1929) led to- 
this work. 

66 Kuhn, W., and Braun, E., Naturwiss., 17, 227 (1929). 0, 3646 

87 Cotton, A., Compt. rend., 189, 657 (1929). ' ey . : : : : 34 

: ; . 5 Drikes, O., Nat ., 21, 607 (1933); Chem. Abs., 28, 144 (1934). 

B hes a pot 981 (4080). K., Z.. physth. Chet, 432, 298, 802, 313 (1928) ; Bea 7 ). % fin - "a a a ccisake ~ 5 Pris Roh Soc. London, 97B, 250 (1924). 
Ul. SOC. C WN. 9 a : 

‘8 Y 9 ° e *9 9 e °9 ° ° ° } ,) ; 

| ae OP m Chem. Soc. 5, 49 (1928); Chem. 
6 Weigert, F., Z. physik. Chem., 3B, 377, 389 (1929); 4B, 83 (1929). See also Chapter 21. % * Oe aa” Goat Age Be G. pad. te slip coped U RSS, a, 493 i538) Chem. 

 Weigert, F., Z. physik. Chem., 10B, 241 (1930); Ghosh, J. C., J. Indian Chem. Soc., 16, 51 Abs. 33° 2544 (1939), See also Bhatnagar, S. S., Lal, R. B., and Mathur, K., Nature, 118, 11 (1926) 
(1939); Chem. Abs., 33, 5744 (1939). “a "9 for physiological effects claimed to be due to polarized light. 

71 Davis, T. L., and Haggie, R., J. Am. Chem. Soc., 57, 377 (1935). 

: 7 Ghosh, J. C., and Purkayastha, R. M., Quart. J. Indian Chem. Soc., 2, 261 (1925); Chem. Abs., 

0, 1953 (1926). 
73 si CAS C., and Kappanna, A. N., Quart. J. Indian Chem. Soc., 3, 127 (1926); Chem. Abs., 

(1926). 
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) | q _ PHENOMENA pharmacological properties of a number of drugs not produced by irradiation ys q PHOTOELECTRIC 

non-polarized light. Irradiation of tincture of digitalis with polarized light « uerel 8° discovered that when one of two platinum or silver elec- 
said to produce a deterioration as shown by a weakened pharmacologica] 

y. ) Cc : 5 
[n 1839, Static acid is illuminated, an electromotive force is set up by 

Action 4 4 ° e,e $ ilute S) ° ° ° Ly b4 When ultraviolet light is used a further change or decomposition occurs and 4 des in Pct the conductivity of certain substances, notably selenium, is affected 

tincture becomes more poisonous. With digitalis, it was claimed that citculan cell. ; according to Bidwell 87 discovered by Willoughby Smith in 1873. 

met to explain an observation by Hertz 8° that ultraviolet illumination 

) attempnns permits the passage of a longer spark, Hallwachs 8® discovered the 
fa ©. ee oative electricity from a surface irradiated by ultraviolet rays. As 

gission © by Hughes and DuBridge,®° these three phenomena are separate mamni- 
inted Seg, photoelectric processes, which all depend upon the ability of light 

“release electrons from matter. . ; at ae 

rrictorically, the photoelectric effect is of the greatest importance, since 1t w 

f this phenomenon which enabled Einstein 91 to reveal the fact that the 

e study Biseeen matter and radiation must be explained in terms of quanta of 

he theoretical structure of modern photochemistry is based upon his 

seroduction of the concept which led to the logical development of the photo- 

F al equivalence law. On the other hand, the actual occurrence of a photo- 

Rect as a part of the mechanism of photochemical processes is relatively 

aa That air and other gases may be ionized by ultraviolet radiations has 

a ee er recognized 92 and at one time it was believed that photoionization might 

’ a i important role in photochemical processes. But when the amounts of 
. 2 required to ionize the molecules of various gases became known, it WE 

Bidtent that the wave-lengths corresponding to ionization are generally far shorter 

An those required to bring about most photochemical processes. Si rays pass- 

ing through fluorite are able to ionize most gases. The required thresholds eee 

Pom 1300A for nitric oxide to 760A for nitrogen, the halogens having the values 

‘chlorine, 940A, bromine, 970A, and iodine, 1230A. wyugi teddy : 

Many investigations. have been made of the effects of illumination upon the 

‘electrodes of electrolytic or voltaic cells, but these lie beyond the scope of this 
; 

polarized light produced even greater deterioration than did plane polarized lic i 
Macht and Krantz 78 stated that in these experiments the test and contro] solution 
were simultaneously irradiated with polarized and non-polarized light of ad u 
intensity. } t 
On the other hand, Dailey and Benedict were unable to show that 
light had any selective action in the decomposition of cocaine hydrochloride, wit 
irradiation times of from one to twelve hours were employed. This is at Dresen 
generally believed to be true of photochemical reactions of substances under ae 
ditions in which they are capable of free and random orientation. Other Worker 
to deny the claims for a special effectiveness of polarized light have been Bunke 
and Anderson 8° and Bond and Gray.81 ' 

Polarize, ct tions © 

adiation. af 

PHOTOTROPY 

This term refers to a change in color suffered by a solid on exposure to light 
which is slowly reversed when the solid is subsequently kept in darkness. ]t wan 
first observed, named and extensively investigated by Marckwald.82 It is exhibitec 
by over two hundred substances, but as yet little quantitative work has been done 
An interesting feature is the occurrence of phototropic fatigue. 3,5-dibenzoyj. 
2,4,4,6-tetraphenyltetrahydropyran, which is colorless in the dark, becomes viole 
on exposure to light, especially that of short wave-lengths. It again become 
colorless after some hours or days in darkness. After ten such colorations an 
decolorations, however, it loses its phototropic properties and its melting point 
falls from 235-6° to 225°C.83 In solution, it is insensitive to light, and the colorec 
form when dissolved yields colorless solutions. An occasional instance of photot. 
ropy in solution has, however, been reported. Singh 84 observed a green color to 
develop in chloroform solutions of g-naphthylaminocamphor on exposure to direct 
sunlight, followed by a much slower reversal in darkness. The coloration was 
accompanied by a large increase in optical rotation. The addition of a trace of 
sodium ethoxide prevented the appearance of the green color. The results were 
tentatively attributed to the formation of a compound from the keto and enol 

work. 
“p 

| 

66 Becquerel, E., Compt. rend., 9, 145, 561 (1939); for a recent review, see Stora, C., J. chim. phys., 

“34, 536 (1937). 
_‘-& Bidwell, S., Phil. Mag., 20, 178 (1885). 
Hertz, H., Ann. Physik, 31, 983 (1887). 
8 Hallwachs, W., Ann. Physik, 33, 301 (1888). | 

90 Hughes, A. L., and DuBridge, L. A., “Photoelectric Phenomena,’ New York, McGraw-Hill Book 

modifications. E a Bice A. dun. Physib, 17, 132 (1905) ° e <7 t i t i 9 *9 Nn. VSI 5] 9 e 

The phototropy of inorganic compounds of the type 2HgS.HgX» or 2HgS.HgX cs Thomson, J. J., Proc. Cambridge Phil. Soc., 14, 417 (1907); Chem. Abs., 2, 1656 (1908). 
has been attributed °° to their dissociation into the simple component salts, recom= - %See Mackay, C. A., Phil. Mag., 46, 828 (1923); Morris, J. C., Jr., Phys. Rev., 32, 456 (1928); 

bination occurring in darkness with the reémission of radiant energy. ‘ “Hughes, A. L., and DuBridge, L. A., ‘“‘Photoelectric Phenomena,” p. 274, New York, McGraw-Hill 

Book Co., 1932. | 
7 Macht, D. I., and Anderson, W. T., Jr., J. Am. Chem. Soc., 49, 2017 (1927). ¢ | — 
8 Macht, D. I., and Krantz, J. C., Jr., J. Am. Pharm. Assoc., 16, 106 (1927). 
7 Dailey, H. T., and Benedict, H. C., J. Am. Chem. Soc., 51, 808 (1929). J j 
80 Bunker, J. W. M., and Anderson, E. G. E., J. Biol. Chem., 17, 473 (1928). ; 
81 Bond, W. R., and Gray, E. W., J. Pharm. Exp. Therap., 32, 351 (1928). See also for further 

details of the controversy, Jones, . N., Ann. Botany, 39, 651 (1925); Baly, E. C. C., and Sem= 
mens, E. S., Nature, 116, 817 (1925); Semmens, E. S., Plant Physiol., 1, 201 (1926); Nature, 117, 

_ 821 (1926); Lord Rayleigh, Nature, 117, 15 (1926); Navez, A. E., and Rubenstein, B. B., J. Biol. 
Chem., 80, 503 (1928). 

82 Marckwald, W., Z. physik. Chem., 30, 140 (1899). For reviews, see Gallagher, P., Bul. SOC. 
chim., 29, 683 (1921) and Chalkley, L., Jr., Chem. Rev., 6, 217 (1929). Note also Bhatnagar, S. Sey 
Kapur, P. L., and Hashmi, M. S., J: Indian Chem. Soc., 15, 573 (1938); Chem. Abs., 33, 3698 (1939). 

_ 8 de Carvalho, A. P., Compt. rend., 200, 60 (1935). 

_. 8 Singh, B. K., Quart. J. Indian Chem. Soc., 1, 45 (1924); Chem. Abs., 19, 935 (1925). 
8 Rao, E. L., Varahalu, K., and Narasimhaswami, M. V., Nature, 124, 303 (1929). 
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4 ith solutions, involve merely a direct visual matching of the intensities 

Bc photographic plate variously illuminated. 

thod in which the light intensity was kept constant and the path of absorbent 

A al or the concentration of the absorbing solution, was varied, was introduced 

Chapter 17 verse. Pefinements in this method have been introduced by de Lazlo* A simple 

Peni. lovi I f t h and no photometer has been employed ] oving only a quartz spectrograph an pk nploy 

eth Seacow: Methods have also been devised employing but one beam of light, so 
J Btcad of matching intensities on a photographic plate, the energy of the beam is 

at 10 Wared bY 3 thermopile or, more usually, a photoelectric cell and accessory apparatus, 

oa psorption cell in the beam and without it. Among photoelectric spectrophoto- 

; ‘ : : : methods are those of Hogness, Zscheile and Sidwell.° Automatic recording devices 

tial to comprehending the reactions which it may undergo under the infly so been constructed. A continuous representation of the absorption curve of a 

of radiations. Even when apparatus capable of revealing the finer structyre valy changing system i eagrey by the aid ~ : pic atenaetna eee cari 

the molecular spectra is not available, crude spectrographs may furnish | to Holiday and Smith." | The fine structure or the absorption spectra or gas 

ae Pee, autese ; 2 es ad by micrometric tracings of photographed spectra. 
indication of the wave-length regions within which the gas absorbs and wil] ther t aine ; f b h Fealisiendl en leiioths 

fore give some indication of the regions within which photochemical reaction, E “In the absorption els & ie su shores: t oF . a e oasis pears ie 

occur. A brief discussion of the manner in which absorption measurements a ; abscissae the ratio 0 ie ig bit t roug t i sora sade fees - fr - 

made will first be given. Then in the discussions of the individual reactions al nat ancident mye). it ( o). This rane = see y Te SBE CERe £ dint . 

absorption spectrum of each of the components will be described in order that miipae 2 which ¢ fo the Ppactbpeees ia OL mee pestle erimmdt cane 

findings of spectroscopy as to the nature of the possible primary processes ma | the thickness of the absorbing layer and k is a constant Ss carla ce ea mo 

furnish a guide for a critical appraisal of the various speculations propose 3 Hjion of the substance at the wave-length in question. perae 7 Soin = 

explanation of the reported observations on the kinetics of the reactions, i wave-lengths gives graphically the absorption of the substance throughout the 

: pectral range investigated. k is known as the absorption coefficient, and varies 

vith the wave-length. The numerical value of k is obtained by dividing the 

oduct cd into the natural logarithm of the ratio of Ip/J,. In practice, most 

vorkers employ the more convenient common logarithms. The terms “extinction 

ficient” and “absorption coefficient” are rather indiscriminately employed to 

gnate the values obtained by the use of either logarithmic base. In general, 

man authors follow Kayser in using the term “absorption coefficient” for 

1es based on natural logarithms and English workers follow Bunsen and Roscoe 

using “extinction coefficient” for values based on the use of logarithms to the 

pase ten. ‘The distinction in terms is by no means universally observed. 

Reactions of Inorganic Gases: Hydrogen Halideg 
} 

In Chapter 14 it was shown that a knowledge of the spectrum of a gas ig gg 
Nios 

en 

Tue MEASUREMENT OF ULTRAVIOLET ABSORPTION SPECTRA 
oF GASES OR LIQUIDS 

Since this is not a text of laboratory procedure, only principles and not detaj 
of technique will be mentioned. In general, the methods are similar to thos 
commonly employed in the visible region. Ultraviolet light, from a spark sour 
or hydrogen discharge tube, is divided into two parallel paths, one of which pa a 
directly into the spectrograph; the other passes through a cell containing the ga 
or the solution the absorption of which is to be measured. (If the absorption ¢ 
a solution is being studied, the first beam should pass through a cell containin: 
the pure solvent.) The two spectra are then photographed side by side. Severa 
exposures are made on adjacent portions of the photographic plate, the intensit 
of the comparison beam being varied to a known extent in each. Methods employed 
in photometers for decreasing the iritensity of the comparison beam include th 
interposition of rotating sectors which vary in known manner the duration of inter 
mittent exposures, the use of wire screens?! or calibrated platinum wedges deposite 

- 8See Ley, H., and Volbert, F., Z. wiss. Phot., 23, 41 (1924). 
_ 4de Lazlo, H., J. Phys. Chem., 32, 505 (1928). 

_ 5Loofbourow, J. R., Bull. Basic Sci, Research, 5, 46 (1933). 

 @Hogness, T. R., Zscheile, F. P., Jr., and Sidwell, A. E., Jr., J. Phys. Chem., 41, 379 (1937). 

_ Holiday, E. R., and Smith, F., Nature, 134, 102 (1934). | 
_ 8See Harrington, E. A., J. Opt..Soc. Am., 16, 211 (1928); Gull, H. C., and Martin, A. E., J. Sci. 
Instruments, 12, 379 (1935)... 

on quartz, Nicol polarizing prisms or variati 3 itt] mM. | of absorption spectra and their applications to the study of constitution. A considerable proportion 

d AEN P 8 P had at1o ns of the aperture admitting the con ; hem, indicated separately, are concerned primarily with the limitations of the photographic method 

parison beam (Spekker method of Adam Hilger, Ltd.). It would theoretically be because of the failure of the relation between the intensity of the light and the blackening of the plate. 

best to secure the variation in intensity by varying the distance from the source, bu 
this is not feasible when a photographic method i ] i eer Kell: H. M., Z. wiss. Phot., 24, 85 (1926). Fromherz, H., Z. physik. Chem., 1B, 301 (1928). 
te oo are photograp od is employed and it has rarely beet Gage, F. di, J. Sci. Instruments, 6, 256 (1929), . Conrad-Billroth Z. physik. hein, WB, 122 

- a t chlessinger, M., Biochem. Z., : ey, F., an olbert, F., Z. ystk. Chem., 

In each of the series of double spectra. however obtained, there are locate 130, 308 (1927). Twyman, F., Proc. Phys. Soc. (London), 45, 1 (1933). Ginsel, L. A., Physica, 3, 

, ~ aah nines a ; §78 (1936). von Halban, H., Kortiim, G., and Szigetti, B., Z. Elektrochem., 42, 628 (1936). Miller, 
(visually or microphotometrically) the wave-length regions at which there 1 . S., Plant Physiol., 12, 667 (1937). Albers, V. M., and Knorr, H. V., J. Opt. Soc. Am., 28, 121° 

t bet the j ° tthe Iie ° h é - 938). Deck, W., Helv. Phys. Acta, 11, 1 (1937). Shlaer, S., J. Opt. Soc. Am., 28, 18 (1938)...P. J. 

agreement between the intensity of the light passing through the absorption cel Sippen Zonen, J. Sci. Instruments, 15, 141 (1938). Papers dealing with the limitations of the reciproc- 

and that coming directly from the source. The wave-lengths corresponding t Best a eer ia ae in a ae phere Roa stag nis a Bede) eS a a 11, 

: o43 : : J ett ; : ellner, H. M., Z. wiss. ot; : q orgelo, a 

various positions along the spectrum are determined by a simultaneously photo o: z. 26, 756 (1925). Haber, oe hee, J, 66, 328 (1926). ; Tongs, me As and Fall, y. Cs 
. : : . n 4. Upt,. Soc. Am., 44 A ae ie: eee t. Soc. Am., ¥ ees, C. EK. K., 

graphed scale embodied in the instrument or located by the use of known lines 0 oc. Am. 23, 229 (1933). Harvey, A, Solénre Progress, 27, 650 (1933). Kinele, H., Natur- 
23, 762 (1935). Pestemer, M., and Schmidt, G., Monatsh., 69, 399 (1936). _Lambrey, M., and 

| ihe J., Compt. rend., 201, 1351 (1935). van Kreveld, A., and Ornstein, L.. 2.34 Pree, wn 

1 Winther, C., Z. wiss: Phot., 22, 125 (1923); Landsberg, G, S., Z. Physik, 46, 106 (192mm Amsterdam, 39, 478 (1936). de Langhe, J. E., Physica, 3, 904 (1936). Kiss, A., and Gerendas, "y: 

H 
2Schaefer, K., Z. angew. Chem., 33, 25 (1920). Chem. Abs., 32, 1577 (1938). 
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the source as landmarks. Most of the methods in common use, particularly 10 
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The Decomposition of Hydrogen Iodide. According to Rollef 
Booher,® the first mention of this reaction was by Lemoine.! Also thea 
was early studied by Bodenstein.11 Warburg 12 found a quantum yield of 
mately two for the wave-lengths 2070, 2530 and 2820A. In Chapter 19 4% 
shown that this observation could be accounted for equally well by cine “i 
mechanism of primary dissociation proposed by Warburg or of primary ex aa k 
of the hydrogen iodide molecule proposed by Stern and Volmer. Atte vtatig 
decide between the two by Bodenstein on the basis of kinetic eigit an a 
varied experimental conditions, especially in the presence of foreign gase a 
inconclusive. The data which eventually showed the correctness of die W. 74 
mechanism were predominantly physical and, as discussed in Chapter 14 a 
from the finding that the absorption spectrum of hydrogen iodide is cont 
At this point, we may consider in more detail the spectroscopic evidence re 
the absorption not only of hydrogen iodide but also of the products of the + 
hydrogen and iodine. | | 

Tingey and Gerke 18 found the absorption of hydrogen iodide to be ent t 
continuous and to begin at 3320A, corresponding to 86 kcal.; Coehn and Since 
ardt 14 had previously placed this value at 3340A. It has been generally assumelll 
that the iodine atom produced in the dissociation is excited as in the case af A 
halogen from hydrogen chloride and hydrogen bromide. The energy of excit da 
of iodine is, from its atomic spectrum, 21.5 kcal. This, when subtracted fa a 
energy corresponding to the long-wave threshold of the absorption spectrum F 

kcal. leaves 64.5 kcal., in fair agreement with the heat of dissociation of HT ‘a 
normal atoms, 69 kcal. Goodeve and Taylor 16 calculated a potential energy a 
for the upper state from the eigenfunction of the ground state and their oul 
observations of the extinction values. Rollefson and Booher 17 found the abseil 
tion to extend as far as 3900A at least, and gave evidence that at 4120A dissoetd 
tion into normal atoms can occur; at 3120A, the iodine atom may He excitel 

Tactic . 

app TO; ¢ 

» Ca . 

inuo f 

Sardin, 

€action | 

Datta 18 places the absorption limit at 4040A. 
H ydrogen. The fact that hydrogen absorbs only in the extreme ultraviole 

range eliminates this substance as an absorbing component which might affect eff , E | 
the dissociation of hydrogen iodide or the combination of hydrogen and iodine 
Dieke and Hopfield 9 found that in a 100 cm. layer at pressures of 2 to 50 mm. k 
mercury, hydrogen does not absorb wave-lengths longer than 1115A. Below this 
it exhibits two band systems, the members of both of which converge at 849.4, 
to a region of continuous absorption corresponding to dissociation into a normal 
and an excited atom. | : 

Iodine. Observations by Dymond °° of the short wave-length limit of fluores- 

° Rollefson, G. K., and Booher, J. E., J. Am. Chem. Soc., 53, 1728 (1931). 
10 Lemoine, G., Ann. Chim. Phys., 12,-145 (1877). 

11 Bodenstein, M., Z. physik. Chem., 22, 23 (1897): ' + + aa ; 

Pal Ge PAVE CHE AIO, tos ASEOe et Stee 982, 988 )s, Bodenstein, | My at ae 
12 Warburg, E., Sitzb. preuss. Akad. Wiss., 314 (1916); 300 (1918). 

18 Tingey, H. C., and Gerke, R. H., J. Am. Chem. Soc., 48, 1838 (1926) ; K. F. 
and Steiner, W., Z. ‘physit. Chem., 132, 287 (1926); Lewis, B.. Nature, 149, 493 (1927). 

14 Coehn, A., and Stuckardt, K., Z. physik. Chem., 91, 722 (1916). 

15 Lewis, B., Proc. Nat. Acad. Sci., 13, 720 (1927); J. Phys.. Chem., 32, 270 (1928). 

16 Goodeve, C. F., and Taylor, A. W. C., Proc. Roy. Soc., 154A, 181 (1936). 

17 Rollefson, G. K., and Booher, J. E., J. Am. Chem. Soc., 53, 1728 (1931). 

8 Datta, A. K., Z. Physik, 77, 404 (1932). 
19 Dieke, G. H., and Hopfield, J. J., Phys. Rev., 30, 400 (1927); Z. Physik, 40, 299 (1926). 

20 Dymond, E. G., Z. Physik, 34, 553 (1925). 
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184 (1929); Kimura, M., and Miyanishi, M., S 
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_. were important in establishing the generally accepted interpretation of 

per ous spectra as indicative of dissociation. Iodine vapor exhibits bands which 

nti e at 4989A to a continuous absorption region.24 Fluorescence can be in- 

ety wave-lengths longer than the convergence limit but cannot be observed 

en. yapor irradiated by wave-lengths within the continuous region. The dis- 

n 10 a produces a normal and an excited iodine atom.2* 

action values have been given by Vogt and Konigsberger ** and, more 

g iy, by Rabinowitsch and Wood.”4 The effect of varying the pressure of the 

... e vapor has been studied by Perot and Collinet,?° and the influence of foreign 

. on the color of iodine vapor reported by Wright and McGregor.26 The 

sl ction coefficients drop off toward shorter wave-lengths in the continuous 

a ‘on. In the region below 2763A, iodine vapor exhibits a new region of banded 

psorption, the interpretation of which is not yet clear.?7 

y By spectroscopic methods, Rabinowitsch and Wood ?8 measured the quantum 

Bid of the dissociation of iodine in the presence of foreign gases in three spectral 

regions. If the yield is unity in the continuum, it is 1.14 in the band region 

| on the long-wave side, and 1.10 at a point in the band region further 

trom the limit. This indicates that all excited molecules dissociate by collisions 

L en molecules. Therefore, the quenching of the fluorescence is not due 

to the process 1,*+X — I,+X, but rather to I,*+X — I+1+X., Quenching 

usually occurs at the first collision of an excited molecule with a foreign molecule, 

4 n the case of helium which requires ten or more collisions before dissocia- 

The atoms recombine mainly at the walls at low pressures. Under 

these conditions dissociation increases with the pressure. At higher pressures, how- 

a er, the recombination occurs as a homogeneous reaction in the gas phase. The 

ransition occurs sharply at 250 mm. in helium and 40 mm. in carbon dioxide. 

The dissociation is then proportional to the square root of the. light intensity and 

dance with the theoretical expres- 

sion for recombination by three-body collisions. One double collision in 530 is a 

recombining one in helium and one in 50 in carbon dioxide at atmospheric pres- 

sure. The efficiency of the third body increases with its molecular size and with 

tion results. 

‘the intensity of the molecular fields of the colliding particles. 

To decide between the mechanisms proposed (Chapter 12) for the decomposi- 

tion of hydrogen iodide, Bonhoeffer and Farkas 29 studied the reaction at low 

pressures at which, were the reaction due to excited molecules, some re-radiation © 

me the energy of excitation would be expected since the period between deactivating 

collisions would be longer than the life of the excited state. Since they could 

detect no fluorescence, it was concluded that the mechanism of Warburg (dissocia- 

tion) must apply. Furthermore, exposure to light resulted in a fall of pressure 

%Mecke, R., Ann. Physik, 71, 104 (1923); Brown, W. G., Phys. Rev., 38, 709 £1931), 

| 2 Turner, L. A., Phys. Rev., 27, 397 (1926). 

_ %Vogt, K., and Koénigsberger, J., Z. Physik, 13, 292 (1923). 

% Rabinowitsch, E., and Wood, W. C., Trans. Faraday Soc., 32, 540 (1936). 

% Perot, A., and Collinet, M., Compt. rend., 180, 2030 (1925). fy; 

2 Wricht, R., and McGregor, T., J. Chem. Soc., 1364 (1929). 

27 Pringsheim, P., and Rosen, B., Z. Physik, 50, 1 (1928); Sponer, H., 
eo ci. Papers Inst. Phys. Chem. Research Tokyo, 10, 

33 (1929), Further recent. data on the absorption of iodine, particularly in the long-wave regions, have 

been given\ by Hirschlaff, E., Z. Physik, 75, 315 (1932); Agarbiceanu, T., Compt. rend., 194, 702 (1932); 

and Watson, W., Ibid., 56, 

Kondratje , V., and ‘Polak, L., Physik. Z. Sowjetunion, 4, 764 (1933); Skorko,"E., Acta Phys. Polonica, 

* 191 (1934); Warren, D., Phys. Rev., 47, 1 (1935). The Budde effect differs from that of the othe 

halogens in being proportional to the light intensity rather than to its 0.5. power. 
Indian J. Physics, 9, 111, 117 (1934); Chem. Abs., 29, 2847 (1935). 

*S Rabinowitsch, E., and Wood, W. C., J. Chem. Physics, 4, 358, 497 (1936). 
* Bonhoeffer, K. F., and Farkas, L., Z. physik. Chem., 132, 235 (1928). 
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which could be attributed only to the adsorption of free iodine atoms Gn th f 
of the vessels. The same fall in pressure was also observed during the i; “9 
of hydrogen bromide. "adie 

Wave-lengths. between 3000 and 2200A cause the complete decompogit:. 
hydrogen iodide.8° The velocity is independent of temperatures below 12900 
is lowered by addition of either iodine vapor or of an excess of h : 

q wilibrium in vessels of quartz, Uviol glass and Jena glass. These 

of the a delimited three spectral ranges. The percentage decomposition 

g rou” equilibrium is listed in Table 19. : 
ph act tions of hydrogen bromide are very well adapted for the presentation 
meres’ i devised by Bodenstein for the treatment of the kinetics of photo- 
e metho in general and will be discussed in detail as representative of 

\ * ctions 
Spa : 1 est i hotochemical mechanisms. The case of 

the beginning of reaction, the velocity remains constant for a time, they fail methods eae oa coh ae pre omnes ere ae 

that of a unimolecular reaction, and later falls again. The fallin ) noen chloride "all . . th: : 
toward the end of the decBinpouibian “ aasith A db tartilee Rit 1M the . ose fore proceeding to.a consideration of kinetics, the essential data on 

sea i ° Be ° ey e e 

Be otion spectra of bromine vapor and hydrogen bromide will be presented. 
abs' 

tion of Bromine. In the visible range there is absorption from about 

3500A, the maximum occurring at about 4100A.°° Bands from about 

yA converge to a limit at 5107A.89 At shorter wave-lengths the absorption is 

sayous, implying a dissociation into a normal atom and one in a metastable 

4 with excitation energy of 10.5 kcal.4° In the ultraviolet region, bromine 
a at higher pressures exhibits a continuous region from 2700A to the limit 

observations at 1560A.41 Brown-42 has found another band region between 
i; * d 6400A, the bands of which apparently converge to a limit indicative of 

sociation into two normal atoms. (A dissociation energy of 45.2 kcal. nee 

ands to 6290A.) Other absorption studies were made by Barratt and  Stein,** 

skamura,t# and Hays.*® The excitation of fluorescence within the range 5000- 
‘aA has been studied by Daure.46 Wave-lengths in the continuous band below 
O0A excite no fluorescence. | 
Absorption by Hydrogen Bromide. Hydrogen bromide absorbs continuously 

‘the shorter ultraviolet.47 Tingey and Gerke 4% found continuous absorption to 
sin at a wave-length which varies with the mass of gas studied, approaching 

as a limit as the mass of gas is increased. Coehn and Stuckardt had given 
650A. The absorption limit was unaffected by temperature over the range 25° 
» 400°C. Datta, however, placed the long-wave threshold at 3260A. The for- 

nation of free atoms has been established by Bonhoeffer and Farkas.49 Goodeve 
ind Taylor ®° believe the molecule dissociates into atoms in normal states. Trivedi’s 
spectroscopic value for the dissociation energy is 92 kcal.51 There have been but 

few studies of the decomposition of hydrogen bromide but the work of Warburg 5? 
is so conclusive that it is generally accepted that the primary process, as in the 
ease of hydrogen iodide is one of photodissociation. The quantum yield is 2.08 
t 2070A and 2.00 at 2530A. : 
Combination of Hydrogen and Bromine. At ordinary temperatures, this 

I Pressyre 
hydrogen iodide is high and the temperature low. The initial reaction val 
appeared to increase approximately in proportion to the initial concentratigr 
hydrogen iodide. Quantum yields somewhat higher than those of Warbur a 
been reported by Lewis,3! his values being 2.36 for the 2080A and 2.35 foul 
2530A zinc lines. The product of the intermediate reaction H+HJI <3 a 
is 25 per cent para-hydrogen at room temperatures. At 170°Abs. the hyd 4 
produced contains 2 per cent more para-hydrogen than does normal hydrogen : 

Studies of the photochemical combination of hydrogen and iodine have F 
made by Coehn and Stuckardt,®? who found that reaction can occur only in. 
ultraviolet region, and by Sasaki and Nakamura.33 The latter workers found 
combination could be induced by radiations longer than 3100A. It is sugges 
that hydrogen atoms may be produced by collisions of the second kind bein 
hydrogen molecules and iodine molecules excited by the absorption of the 199 
line, although dissociation of iodine might be expected. The production of hve 
gen atoms is essential that the reaction may go at ordinary temperatures since 
reaction I+ H, — HI+H is too endothermic to proceed. There is some 
dence that the photocombination occurs under the influence of visible light 
temperatures of 430-466°C.24 4 

Other Halogen Hydrides.?> Berthelot and Gaudechon °° found that, as 
the case of thermal decompositions, the stabilities of the hydrogen halides in jj 
decrease with increasing atomic weights of the halogens. Those substances wh 
require high temperatures for thermal decomposition require the shortest wa) 
lengths in the ultraviolet. For the decomposition of hydrogen chloride, vay 
lengths shorter than 2000A are required to produce even a slow decompositi 
Under similar. conditions, hydrogen bromide is rapidly and completely deco 
posed. Coehn and Stuckardt 87 effected reactions of hydrogen halides from be 

{psorP 
9A to 

Table 19.—Photostationary States of Hydrogen Hialides. BBovis, P., J. Phys. Radium, 10, 267 (1929); Kuhn, H., Z. Physik, 39, 77 (1926). 
In quartz In Uviol glass In Jena glass _ ® Brown, W. G., Phys. Rev., 38, 1179 (1931). 

Acid (2200A) (2500A) (3000A)? “Turner, L. A., Phys. Rev., 27, 397 (1926). 
Hydriodic 92.2 100 100 “Cordes, H., and Sponer, H., Z. Physik, 63, 334 (1930). . 

Hydrobromic 100 about 20 0 _ “Brown, W. G., Phys. Rev., 39, 777 (1932). For the absorption of liquid bromine, see Porret, D., 
Hydrochloric 0.42 0 0. Froc. Roy. Soc., A162, 414 (1937). 

“Barratt, S., and Stein, C. P., Proc. Roy. Soc., 122, 582 (1929). 

| “Nakamura, G., Mem. Coll. Sci. Kyoto, 9, 335 (1926); Chem. #bs.,° Zi," 24317 “(1927). 

* Hays, M. B., J. Frank. Inst., 208, 363 (1929). 
66 Daure, i Compt. rend., 183, 31 (1926). 

.“ Coehn, A., and Stuckardt, K., Z. physik. Chem., 91, 737 (1916); Warburg, E., Berlin Akad. Ber., 
14 (1916); 300 (1918); Datta, A. K., Z. Physik, 77, 404 (1932). 
*Tingey, H.C., and Gerke, R. H., J. Am. Chem. Soc., 48, 1844 (1926). 
'® Bonhoeffer, K. F., and Farkas, L., Z. physik. Chem., 132, 235 (1928). 
~ Goodeve, C. F., and Taylor, A.’ W. C., Proc. Roy. Soc., A152, 221 (1935). 
"Trivedi, H., Proc. Natl. Acad. Sci. India, 6, 29 (1936); Chem. Abs., 30, 4760 (1936). 
“Warburg, E., Berlin Akad. Ber., 314 (1916); 300 (1918). 

80 Trautz, M., and Scheifele, B., Z. wiss. Phot., 24, 177 (1926). 

81 Lewis, B., Proc. Nat. Acad. Sci., 13, 720 (1927); J. Phys. Chem., 32, 270 (1928). 

82 Coehn, A., and Stuckardt, K., Z. physikal. Chem., 91, 722 (1916). 

83 Sasaki, N., and Nakamura, K., Anniversary Volume Dedicated to M. Chikashige (Kyoto In 
Univ.) 299 (1930); Chem. Abs., 25, 2921 (1931). 

34 Lewis, B., and Rideal, E. K., J. Am. Chem. Soc., 48, 2553 (1926). ; 
85 Almost no work has been reported on the combination of hydrogen and fluorine. See, howev 

Bodenstein, M., and Jockersch, H., Z. anorg. Chem., 231, 24 (1937). ; 

86 Berthelot, D., and Gaudechon, H., Compt. rend., 156, 889 (1913); J. Chem. Soc., 104 (ID, 
1913). ‘4 
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* nsibility of each of the secondary reactions is then considered. E-xothermic 
Fg are always admitted, although in the case of certain recombinations of 

ins the reaction is not possible except as a result of three-body collisions 
Bac qa foreign inert gas or a wall reaction. Endothermic reactions are 

4 dmitted, depending upon the possibility of securing the necessary 144ded or a ; : on 

Bion energy thermally in a reasonable fraction of collisions at the tempera- 
- the reactants. | | | 

: diate products are considered to exist (except at the beginning of 

reaction occurs to but a very slight extent, Pusch? finding that the absorps: 
of a thousand quanta produces only one molecule of hydrogen bromide, At 4 
peratures of 100° to 200°C., Kastle and Beatty °* found a reaction to occy, — 
still higher temperatures (200-300°C.) a thermal reaction occurs in the da 
The kinetics of the dark reaction have been studied by Bodenstein anq Lia 
Interpretation of this reaction given by Christiansen,°® Polanyi °”’ and Herzfelq 
involved the thermal dissociation of bromine into atoms.®9 = 

From the absorption data, it is evident that the photoreaction also Proceeds y P intermediate | : : 

a mechanism involving free bromine atoms. That the quantum yield exceeds 4 “jrradiation period) in stationary concentrations, reactions leading to their siiranctaichebtassures of Hydeowen ehdrttat the hydroxen-Bromine mise ae nl Bal summing up to a removal rate equal to the sum of the rates of the reactions 
sitive to light at ordinary temperatures are explained on the basis that the react, ‘which they are formed. ‘Thus, in this case, ; 

Be q a d(Br) | | , Br+ He 7? Hi Beh A , 4 ——— = 2k:(Bre) + ks(H) (Bre) + ki(H) (HBr) 

is endothermic. The necessary activation energy can be supplied only thermally —d(Br) ‘ | J = ae = k.(Br) (He) + 2:(Br?) high temperatures. °° | : 

Bodenstein and Liitkemeyer ©! studied the reaction rate spectrophotometricg 
by measuring the disappearance of the bromine. They employed temperatures , 

160-218°, and irradiated the mixture with moderately intense light from a tungste 
arc. The combination takes place with a velocity about 300 times as great as th 
of the dark reaction at the same temperature. They found also that, under o 
ditions of weak absorption and at the beginning of the reaction, the rate of form 

tion of hydrogen bromide was proportional to the concentration of hydrogen a; 
to the square root of the bromine concentration and the square root of the absorhe 
energy. When absorption is complete, and in later stages of the reaction when 
stationary concentration of bromine atoms has been reached, the rate of t] 

milarly, for the stationary concentration of H atoms, 

k3(H) (Bre) = k.(H) (HBr) + ke(Br) (Hz). 

alution of these simultaneous equations makes it possible to express the stationary 
sncentrations of the bromine atoms and of hydrogen atoms in terms of rate con- 
tants and the concentrations of hydrogen, bromine and hydrogen bromide mole- 
les. Thus, by subtracting the second from the first equation and solving for 

, the value k,/ks (Brg) is obtained. Solving the second equation alone gives 
or the hydrogen atom concentration | | 3 

reaction is expressed by 
| Hu 2h Bey 1) se celt Sake E .. ke(Br) (H 

No. of quanta absorbed | a a ae ae) eee 
d(HBr) HF) Ae) add loop Tew on | F Pe ks(Bre) + ks(HBr) 

dt bs  -kk(HBr) nd by substituting in this the value just found for the bromine atom concentra- 
“b(Br). ion, the stationary H atom concentration becomes 

3 T2 % 

4 | : kx 

iy yee Re (He) ke. (Bre) 
5 : V ks 

i 
ks(Bre) +ks(HBr) 

The secondary reactions leading to the formation of hydrogen bromide are 

The various k values employed refer to the rate constants in the numbered equ 
tions which can be set down for the primary process and for the reactions of th 
products of this reaction with all other substances present. In this case thes 
reactions are 

a : 

Py substituting the calculated values for the stationary states of hydrogen and 
Ine atoms and simplifying algebraically, it is then possible to arrive at an 
ton which will express the overall kinetics of the reaction. In this case the 

{quation is 

Br+ Br —— Br.+ 45.2 

1. Bre+hv ——> 2Br | : ; : 
2 Bras Ge eo Ee + 16 Bile? ext summed up and those leading to its destruction deducted. 

3. H+Br.——> HBr+Br+40.5 . d(HBr) | | 
4. H+HBr —> H.+Br+162 ts agp + TF ko(Br) (He) + ks(H) (Bre) — ks(H) (HBr) 
5, 

58 Pusch, L., Z. Elektrochem., 24, 336 (1918). 

54 Kastle, J. H., and Beatty, W. A., Am. Chem. J., 20, 159 (1898). 

55 Bodenstein, M., and Lind, S. C., Z. physik. Chem., 57, 168 (1906). | 
56 Christiansen, J. A., Kgl. Danske Videnskab Selskab, Math-fys. Medd., 1, 14 (1919); Chem. Abs. 

14, 1085 (1920). 

57 \Polanyi, M., Z. Elektrochem., 26, 50 (1920). : ky 
88 Herzfeld, K. F., Z. Elektrochem., 25, 301 (1919); Ann. Physik, 59, 635 (1919). 2k (He) NEE (Bre) 
59 See, however, Skrabal, A., Ann. Physik, 82, 138 (1927). d(HBr) Ad ks 

60 Lewis, B., and Rideal, E. K., J. Am. Chem. Soc., 48, 2553 (1926). Compare the analogot di = ae  -CHBr) (HBr) 
chlorine reactions in the next chapter. a 1 4 r 

ks(Bre) 
61 Bodenstein, M., and Liitkemeyer, H., Z. physik. Chem., 114, 208 (1924). 
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9 corrected by the use of a better value for one of the reactions they use, to 
‘vine this expression the formation of bromine atoms was assumed to , eee : 

Enea i. ©" 103.6 kcal, which is in good agreement with the spectroscopic value 101.9 kcal. 
thermally. When formation occurs by the absorption of light as in equation 

a =¢ ieee fet Pe Util other information was derived by Bodenstein and Ltttkemeyer from their 

the stationary concentration of bromine atoms is given by (Br) = po in whic '» pivision of the photo rate equation by the dark rate equation gives for the 

5 a # ¢ the observed rates 3 ! 
. . 4 £50 

is the number of quanta absorbed per second. In the final equation the rad wotien i bs (Bes) 

Ww 
’ ; i 

eae 

Ba.) must be replaced by J A The final result agrees with the obseryas: ke ks 

hs : i j 
ratio ky/ks was known from the work of Bodenstein and Cramer ®* on the 

Bena! equilibrium constant for the dissociation of bromine. It was therefore 
he gible to calculate ks. They found in this way that only about one in 800 of the 

Fe tisions between bromine atoms leads to the formation of molecules. Further- 

* e this figure appeared to be independent of the temperature and total pressure. 
= and Chapman ® calculated the mean life of the bromine atoms to be 0.063 
second: That the removal rate of bromine atoms should be independent of pres- 
ure was unexpected in view of the necessity of three-body collisions for recombi- 

nation and led Jost and Jung °° to a study of the effect of variation of total pres- 
cyre over a wide range on the concentration of bromine atoms and therefore also 

upon the rate of the reaction. The result was the finding that the reaction velocity 

jg inversely proportional to the square root of the total pressure. An explanation 

of the apparent discrepancy between these results and those of Bodenstein and 
Liitkemeyer was given by Bodenstein, Jost and Jung.’ They pointed out that 
at low pressures the effects of diffusion of the bromine atoms to the walls where 

recombination could occur had to be taken into account. At low pressures and 

weak light intensities (7.e., low concentration of bromine atoms) the rate of for- 

mation of hydrogen bromide was found to be proportional to the light intensity 
father than to its square root. Jost 68 also found that the formation of hydrogen 

promide can be brought about by light of wave-lengths greater than 5107A, and 

‘therefore in the banded region of the absorption spectrum of bromine. Here the 

excited bromine molecules yield bromine atoms on collision with other molecules. 

~The bromine atoms recombine in. triple collisions and may also be destroyed on 

the walls, so that the latter have a characteristic effect on the reaction velocity. 

The activated bromine atoms formed in the primary reaction affect the reaction 
yelocity in the same manner as unactivated ones because they suffer deactivation 
‘before they can react. The velocity constants of the single reactions involved in 
the formation of hydrogen bromide were recalculated from these data and found 
in agreementwith theory. | | | 7 
Ritchie ®® studied the effect of inert gases on the removal of bromine atoms as 
affecting the rate of the hydrogen bromide formation at 200°C., the results apply- 
‘ing either to the thermal or the light reaction. Under conditions favoring the 
temoval of the atoms to the wall, acceleration of the reaction was produced by 

foreign gases in the order CCly> CO2> Ny and Og> A> Hy and He. When 
the removal was primarily by triple collisions in the gas phase, the efficiency was 
in the order CO,> O0,> No> A> He> Hy. Rabinowitsch and Lehmann’ find 

of Bodenstein and Liitkemeyer that the rate is proportional to the Square roof 

the light intensity at complete absorption. In this expression, it is implied tha, 

the start of the reaction, before hydrogen bromide has formed to an appregi, 

extent, the denominator becomes unity and the rate is proportional to the hydy,, 

concentration and the square root of the light intensity. This was obser, 

Furthermore, if not all of the light is absorbed, the rate also is proportionay 

the square root of the concentration of the absorbing component, bromine, r 

also was observed. An examination of the derivation of the rate equation rey, 

why it is that in reactions involving the dissociation of a molecule by light, ¢ 

square root of the intensity (or of the absorbing component concentration) 

frequently enters the rate expression. It may be noted that in the case of 4 

reaction the derivation was made on the basis of a mechanism for the dark reaety 

which was found to give agreement with the expression for the kinetic datg 

Bodenstein’ and Lind for the thermal reaction ;®* the necessary modification 

make the equation express the photochemical reaction was made subsequently 

Bodenstein and Liitkemeyer. The effect of hydrogen bromide in retarding 

reaction, as indicated in the denominator, is due to its ability to remove hydrog 

atoms by reaction (4). The greater speed of the photochemical reaction is q 

to the greater stationary concentration of bromine atoms produced by light a 

compared to those produced thermally at the same temperature (in the rar 

studied). The temperature coefficient of the photoreaction was found to be - 

and that of the dark reaction 2.0. From the similarity of mechanisms it was four 

possible to calculate either temperature coefficient from the other. The value 

this coefficient for the photoreaction is due to reaction (3); the temperatu 

coefficient of the dark reaction involves also the thermal dissociation of bromé 

molecules. The value of 1.5 for the light reaction indicated an activation energ 

of 17.6 kcal. | 

The second term in the denominator of either the photo- or thermal reactio 

rate equation involves a ratio of k4/k3. In the thermal reaction this is about 1/! 

and independent of temperature. Bodenstein and Jung 6? found the ratio 1/8. 

for experiments both in strong light at room temperature and at 302° in darkness 

This independence of the ratio over a wide temperature range indicated the 

reactions (3) and (4) require no activation energy. The heat of a reaction } 

the difference between the activation energies of the forward and reverse reactions 

As (4) is the reverse of (2) and as (4) has a zero activation energy, the active 

tion energy found for (2) from the temperature coefficient of the light reactio® 

must also be the heat of reaction (2). Using this value, Bodenstein and Jun 

combined it with the heats of certain other known reactions in order to calculat 

a value for the heat of dissociation of hydrogen of 107 kcal. This has subsequent) 

~ 

6 Bodenstein, M., and Cramer, F., Z. Elektrochem, 22, 327 (1916). 

©Briers, F., and Chapman, D. L., J. Chem. Soc.,.1802 (1928). 

_ &yost, W., and Jung, G., Z. physik. Chem., 3B, 83 (1929). 

87 Bodenstein, M., Jost, W., and Jung, G.. J. Chem. Soc., 1153 (1929). 

Jost, W., Z. physik. Chem., 134, 92 (1928). 
_ © Ritchie, M., Proc. Roy. Soc., 146A, 828 (1934); Hilferding, K., and Steiner, W., Z. physik. Chem., 

B30, 399 (1935). 
: 

. ” Rabinowitsch, E., and Lehmann, H. L., Trans. Faraday Soc., 31, 689 (1935). 
62 Bodenstein, M., and Lind, S. C., Z. physik. Chem., 57, 168 (1906). 

6 Bodenstein. M., and Jung, G., Z. physik. Chem., 121, 127 (1926). 
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the velocity of homogeneous recombination in the presence of helium to ._ 
inversely with the square root of pressure in accordance with the threepo 
mechanism, and not according to a conceivable mechanism involving the bros 
molecule. At atmospheric pressure, about one double collision in 1300 leadal 
recombination ; this is of the order of the total number of triple collisions expey, 
Argon and nitrogen are more effective than helium in promoting recombinati,. 
bromine atoms.™1 | : 

Armour and Ludlam™ state that in a streaming mixture of hydrogey .- 
bromine vapor irradiated by the 1850A line of an aluminum spark less than 1 ._ 
cent (by weight). of the bromine enters into combination. This was unaltereg . 
a ten-fold variation of the intensity. : 7 | | “ 

It may be noted that Lewis and Rideal believed the reaction to be inhibited F 

extreme drying. Bodenstein and Jost 7 however, consider this to be. unproyed 

they attribute the results to possible reaction between the hydrogen bromide . 
the drying agent employed. : | “y 

The reaction of hydrogen and bromine has been discussed in considerapy, 
detail to show the applicability of the concept of stationary states to the formula 

tion ™4 of rate expressions from assumed mechanisms and also to illustrate 4, 
manner in which photochemical data may be employed as aids to the solution @ 
other physical chemical problems, as for example, the heat of dissociation 
hydrogen or the rates of recombination of bromine atoms. In this way the manne, 
in which photochemical investigations interlock with other phases of physica 
chemistry becomes apparent. q 

Chapter 18 

The Hydrogen-Chlorine Combination 
On ¢ 

d Although apparently one of the simplest photochemical changes, this reaction has 

_.. for over a century the subject of an extraordinary amount of investigation 

a se actually it has offered extreme difficulties in both experimental observa- 

a nd in interpretation. The experimental results have frequently been in dis- 

a Brent, largely because small quantities of impurities exert such a remarkable 

ee upon the reaction that reproducible results are difficult to secure. — Oxygen, 
Bch can be removed from chlorine only with great difficulty, has an inhibiting 

Erect, difficult to eliminate. Other impurities, entirely unsuspected, have been 

responsible for an inert period after the start of illumination before the reaction 

begins to build up to its maximum rate. Since studies on this reaction were among 

the first quantitative photochemical investigations, the finding of this induction 

eriod was for a time assumed to be a general photochemical phenomenon, an 

error which greatly affected the early development of photochemical theory. A 

worough review of the history of this reaction would fill many pages. Since 

cellent summaries are available + and since most of the data are concerned with 

effects of visible rather than ultraviolet light, the account in this chapter will 

limited to a consideration of certain of the more significant features of the work 

the reaction, following a statement of the viewpoint at present most generally 

held in regard to the mechanism. 
i 

REACTIONS OF INTERHALOGEN COMPOUNDS 

Mellor and Iredale” find hydrogen and iodine chloride to react rapidly a 
strong light if the hydrogen pressure is large compared with that of the iodin 
chloride, indicating that this condition favors the reaction H,+Cl—~HCI+H g¢ 
that excited chlorine atoms may not be required for reaction. In thin glass bulbs 
a reaction between hydrogen and iodine chloride occurs very slowly in artificia 
light, more rapidly in. diffuse daylight and very rapidly in direct sunlight. The 
products are chiefly iodine and hydrogen chloride. They later state that the 
reaction can be brought about with pressures of hydrogen comparable with that 
of the iodine chloride.™® Methane also reacts rapidly with iodine chloride in light. 

a. ’ SPECTRAL ABSORPTION DATA | 

- {, Hydrogen Chloride. The absorption of hydrogen chloride consists 

only of four continuous bands in the short-wave region (2150-1850, 1750-1650, 

1580-1290 and 1270-1240A). The absorption spectra of the halide apparently has 

no significance for the course of the reaction involving hydrogen and chlorine.? — 

“When irradiated in its absorption region, hydrogen chloride dissociates into a 

normal hydrogen and an excited chlorine atom, Trivedi * finding from the absorp- 

3 tion spectrum a heat of dissociation equivalent to 103.9 kcal. Coehn and Was- 

eae ne a ins ade est trace a pnir iene? prema ava 3 i siljewa* and Berthelot and Gaudechon® observed slight decomposition to occur 

HO COSI aL EGR Tae te ake ae ota ir eel otk ee asa result of irradiating hydrogen chloride in this wave-length region. Accord- 

% Mellor, D. P., and Iredale, T., Nature, 127, 93 (1931). ing to Schultz® not more than 5 molecules may be decomposed per quantum 

7 Cf. Rollefson, G. K., and Lindquist, F. E., J. Am. Chem. Soc., 53, 1184 (1931). sorbed. : | 

3 i ene hs pili chiara adiene eanicwias _ 2. Absorption of Chlorine. Chlorine absorbs in two broad regions. The 

| first, to which the gas owes its color, extends from about 6430A (or possibly 

71 See also Urmston, J., and Badger, R. M., J. Am. Chem. Soc.. 56, 343 (1934). 

_® Armour, R. W., and Ludlam, E. B., Proc. Roy. Soc. Edinburgh, 49, 91 (1929); Chem. Abs., 23 
3856 (1929). i 

3? 

1 Grif ., ‘Photo-Processes in Gaseous and Liquid Systems, London, 

TR Oe Teo. oie” Ciiaiee x Bodenstein, M., Trans. oars Soe., 27, 413 (1931); 

Thon, N., Fortschritt Chem. Physik, physik. Chem., 18, No. 11 (1926); Marshall, A. L., Trans. Am. 

Electrochem. Soc., 49, 143 (1926). : 

 +2Leifson, S., Astrophys. J., 63, 73 (1926). 

_ 8Trivedi, H., Proc. Natl. Acad. Sci. India, 6, 18 (1936); Chem. Abs., 30, 4759 (1936). 
 4Coehn, A., and Wassiljewa, A., Ber.. 42, 3183 (1909). 

5 Berthelot, D., and Gaudechon, H., Compt. vend., 156, 889 (1913). 

® Schultz, C. T., J. chim. phys., 26, 506 (1929); Brit. Chem. Abs. A, 173 (1930). 
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longer) to about 2500A. Its maximum lies at about 3340A. Extinction valt 
have been given by v. Halban and Siedentopf.7 There is a minimum in the y elle 
and the absorption then increases toward longer wave-lengths to a maximum vil 

probably lies between 6140 and 6430A. The spectrum at longer wave-length. 
banded, the absorption coefficients of the bands having very low values8 7 
edges of the bands converge to a limit at 4785A, the absorption being cont; 
at shorter wave-lengths.? It is only in the continuous region that the absorptia, 
coefficients attain large values. Here the molecule is dissociated into one hor q 

chlorine atom and one bearing an energy of excitation of 0.109 volt. Since a 
maximum absorption occurs at a wave-length much shorter than the converge ‘ 

limit, the excess energy of the light must appear as large amounts of kines 
energy possessed by the dissociated atoms. “q 

The second absorption region extends from about 1900 to 1560A and is entirel 
continuous.!1_ It corresponds to a dissociation similar to that produced by absom 
tion in the region of longer wave-lengths, except that the atoms produced a 
endowed with greater kinetic energies. From these considerations it is eviden 
that the primary process in the hydrogen-chlorine combination must consist 4 
the formation of chlorine atoms when the mixture of gases is irradiated with waye 
lengths shorter than 4785A. | t 

To account for various features of the photochemical reaction anomalies d 

absorption have been assumed. Statements that the absorption by chlorine ; 

Quo 

chemical reaction between hydrogen and chlorine. 
sition of energy absorbed by moist and by dry samples of chlorine is different, 
No difference in absorption was observed by v. Halban and Siedentopf, Kistig 
kowsky 15 or Kornfeld and Steiner.1® Furthermore, no fluorescence could 5 
detected within the continuous region. ‘¢ 

combination was the observation by Budde™ that chlorine gas expands when illuminate 

bination of chlorine atoms formed by the absorption within the continuous region. Th 

Ty. Halban, H., and Siedentopf, K., Z. phystk. Chem., 103, 71 (1922). 

8 Kuhn, H., Z. Physik, 39, 77 (1926). 

® Elliott, A., Proc. Roy. Soc., 123, 629 (1929); 127, 638 (1930). 

10 Birge, R. T., Phys. Rev., 35, 133 (1930). 

11 Cordes, H., and Sponer, H., Z. Physik, 63, 334 (1930). 

12 Weigert, F., and Brodmann, L., Z. physik. Chem., 106, 426 (1923). 
18 Gray, L. T. M., and Style, D. W. G., Proc. Roy. Soc.. 126A, 603 (1930). 

a 14 Mellor, J. W., J. Chem. Soc., 81, 1280 (1902). 

15 Kistiakowsky, G. B., J. Am. Chem. Soc., 49, 2194 (1927): 

16 Kornfeld, G., and Steiner, W., Z. Physik, 45, 325 (1927). 

17 Budde, E., J. prakt. Chem., 7, 376 (1873). 

18 Bevan, P. V., Phil. Trans., 202, 90 (1904). 

19 Richardson, A., Phil. Mag., 32, 221, 277 (1891). 

20 Shenstone, W. A., J. Chem. Soc., 71, 471 (1897). 

21 See also Ludlam, E. B., Proc. Roy. Soc. Edinburgh, 34, 197 (1924). 

dependent upon the intensity of the incident light 1* could not be confirmed p, 
Gray and Style.1? For a long period water was believed necessary for the photo. 

It was stated that the disp 

i 
7 

Budde Effect. A phenomenon which excited considerable interest and which at on 
time appeared important for the explanation of the mechanism of the hydrogen-chlorin 

by white or blue light but not when red or yellow light is employed. He found th 
expansion the result of a temperature increase, an observation confirmed by Bevan.™ 
Richardson ” found the expansion to be roughly proportional to the intensity of the ligh 
employed. The effect is usually attributed to heat liberated as a result of the recom- 

effects of small amounts of moisture on the extent of this effect have been discussec 
since the observations of Shenstone,” who found pure dry chlorine to give only a very 
small Budde effect. This effect could be increased by the admission of some moisture.” 

ia 
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attributed the water dependence of the effect to the necessity for 

cules to carry off the energy of recombination of chlorine in three-body 

In the absence of water, the free chlorine atoms could combine only on the 

of the vessel. The large heat capacity and relatively good heat conductance 

jas ssel would, however, prevent the heating of the gas and so the Budde effect 
f the a missed. On the other hand, Martin, Cole and Lent” and. more recently, 

ould be sky “ have denied the effect of drying in lessening the photoexpansion of 

: tiaKOw rayana,” however, states that the Budde effect cannot be observed in dry 

unless the vessel is carefully vacuum-insulated. In accordance with the theory 

a rimary dissociation is essential, the effect is absent in chlorine illuminated by 

é jengths greater than 5000A and in bromine above 5500A. It varies as the pressure 

a halogen and as the square root of the intensity of the light. | 

Be te the case of bromine, Lewis and Rideal** have advanced evidence in support of a 

a ft mechanism. They believed a bromine-hydrate (heat of formation 1,09 kcal.) 

. or tissociable by wave-lengths 5700-5400A, in the band rather than in the dissocia- 

to Becion of the spectrum. Thus the bromine hydrate could be dissociated by wave- 

chs jonger than those required for the dissociation of dry bromine. Recombination 

ae the bromine and water was held to give rise to the heat which produces the character- 

aie expansion. Matthews” has found drying to lessen somewhat the Budde effect, 

enough it could not be entirely eliminated in this manner. : : 

Ags walls 

eee 

i. 

My 
MECHANISM OF THE HypROGEN-CHLORINE COMBINATION 

The outstanding characteristic of the hydrogen-chlorine combination is the 

high quantum yield. Bodenstein 28 calculated that, were it possible to eliminate 

traces of inhibiting oxygen from the chlorine employed, the yield should be 

approximately 10°. Kornfeld and Miiller 29 found it to be 1.10 10° for light 

of 4360A. Harris 2° has, by using blue light and very carefully purified gases, 

‘obtained a value of 6X 10° and Bodenstein and Winter 91 of 4.2 x 10° in silver 

yessels. This corresponds to an average chain duration of 16 seconds. Obviously, 

‘such quantum yields require a chain mechanism and many have been proposed. 

At this point, mention of the mechanism which apparently is most favored, will 

pe made and discussion of the effects of inhibitors will be postponed until the 

experimental data have been discussed. The primary process is a photodissocia- 

tion of the chlorine into atoms. The subsequent reactions which form the chain 

"were first suggested by Nernst.®2 

iy 
“fg (1) Ch + hv(< 4785A) ——> Cl4+ Cl 
a. (2) Cl+H.——> HC1+H . 

Cok dan ars a FIC] + Cl 
dis > 

, Rodebush and Klingelhdfer 33 have advanced more cogent evidence than that 

5 uggested by Nernst for the thermodynamic possibility of reaction CBs 

although they believe that only every 105th collision leads to reaction. The acti- 
a 

4 
7 - 

r 

iy : 
a 

‘original 

_ ® Kistiakowsky, G. B., J. Am. Chem. Soc., 49, 2199 (1927). 
Martin, W. H., Cole, A. F. W., and Lent, E. E.. J. Phys. Chem., 33, 148 (1929). 

_ %Kistiakowsky, G. B., J. Am. Chem. Soc., 51, 1395 (1929). 

| *®WNarayana, T. S., Indian J. Physics, 9, 91 (1934) 3, Chem. Abs., 29, 684 (1935). 

26 Lewis, B., and Rideal, E. K., J. Chem. Soc., 583, 596 (1926). | 

«2% Matthews, E., Trans. Faraday Soc.. 25, 41 (1929); cf. Ritchie, M., and Ludlam, E. B., J. Chem. 
_ Soc., 1680 (1937). 

: 2% Bodenstein, M., Z. physik. Chem., 85, 351 (1913). 

29 Kornfeld, G., and Miller, H., Z. physik. Chem., 117, 242 (1925). 

miarris, L., Proc. Nat. Acad. Sci., 14, 110 (1928)... - 
_ * Bodenstein, M., and Winter, E., Sitzber. preuss. Akad. Wiss., Physik-math. Kil.. 2 (1936). 

_  ®WNernst, W., Z. Elektrochem., 24, 335 (1918). . ) 
. 33 Rodebush, W. H., and Klingelhéfer, W. C., Jr., Proc. Nat. Acad. Sci., 18, 531 (1932); J. Am. 
Chem. Soc., 55, 130 (1933). 

84 Marshall, A. L., J. Phys. Chem., 29, 842 (1925). 
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4 chloride. Weigert made a detailed study of the time relations involved, 

ydroge” a photographic Tépler cloud method depending upon local changes of refrac- 

mployins The magnitude of the effect was related to the degree of drying of the gases. 

ve 10 ha observed when a mixture of chlorine and electrolytic gas was irradiated with 

ihe clou hort wave-length paralleled the Draper effect in time-intefsity relations. The 

B® assumed due to a warming of the gas and the amount of thermal expansion 

: waded with the calculated amount of heat which is liberated during the produc- 

Be the hydrogen chloride. Weigert’s theory of clustering about a group of two 
Bias between which an electron has passed from the hydrogen molecule to the 

m molecule did not prove significant. His experimental observation that the 
chlor En density did not begin until 10~* second after irradiation by a single spark 

hane™ and attained its maximum only some hundredths of a second after the irradia- 
rege i : ; j Beare direct evidence for the existence of a chain reaction. 

vation energy is 6.1 kcal. Marshall 84 calculated for reaction (2) a free ener 
change of approximately zero. Reaction (3) is believed by Bodenstein to oon 
at each hundredth collision. Since it regenerates a free chlorine atom, the chil 

mechanism would be readily apparent did reaction (2) occur. Be 

Many efforts were made to demonstrate experimentally the occurrence : 

reaction (2), including the work of Jost and Schweitzer.®° Could this react 4 
be admitted, it is apparent that the great difference between the hydrogen-bromin 

and the hydrogen-chlorine combinations would be readily explicable. The failues 

of many direct attempts to show experimental proof for reaction (2), howell 

delayed for several years the acceptance of the simple Nernst chain mechapj, : 

and led to the proposal of a number of alternative mechanisms which attempteg 
to avoid the use of this reaction. Included among these proposals were the ore 

ence of excited chlorine molecule chains or of chains carried by excited Hq 
or by a postulated triatomic chlorine molecule. . 

= 

Induction Period. Bunsen and Roscoe made studies of the rate of the 

Bction; an improved “actinometer” was used for correlating the reaction rate 

az the light intensity.4® In the course of this work they described in detail an 

E lier observed induction period to which they ascribed unwarranted general 

photochemical significance. The details given by them and by later workers ea 

a confusing and indicated the induction period to be dependent on the length | 

Lf the gas column irradiated, the intensity of the light, the temperature and the 

previous history of the gas. The interpretation of the results was further com- 

“plicated by the belief of Bunsen and Roscoe that the absorption of the gases dur- 

‘ing reaction is increased over that of unreacting gases, a view now known to have 

peen erroneous. The simple explanation that the induction period is due to the 

presence of small amounts of inhibiting impurities which are destroyed in large 

part during the inert period was established by Burgess and Chapman.#® They 

found no difference in the extinction of irradiated and non-irradiated gas mixtures. 

Also, oxygen did not affect the length of the induction period, and traces of 

ammonia could produce very long induction periods, the duration of which varied 

- directly as the concentration of the added ammonia. A later suggestion by Chap- 

man and McMahon *® that the inhibition should be attributed to the production of 

NCI, by the interaction of chlorine with the ammonia was, however, considered 

untenable by Norrish.5° Norrish advanced the view that the ammonia derived 

from the impurities was adsorbed on the surface of the vessel, poisoning the latter 

for certain surface reactions involving a water-chlorine compound. Arguments 
were raised against this theory by Cathala.5! Griffiths and Norrish®* have 

accepted the view that the induction period is due to the formation of NCl;, which 
undergoes photosensitized decomposition in the presence of excess chlorine by 

short reaction chains. The quantum efficiency of this reaction falls to about two 
__as the chlorine pressure is increased. 

Nitric oxide (but not nitrous oxide) and chlorine dioxide also inhibit the 
teaction.°? Oxygen apparently slows the rate of the reaction rather than causes 
an induction period. The effect of oxygen in inhibiting the reaction is not 
attended by its total disappearance, as is that of the inhibitors responsible for the 

Attempts to activate chlorine by a brush electric discharge or by a mereyyy 
lamp so that when conducted into unilluminated hydrogen the two substance. 
would produce hydrogen chloride were made (unsuccessfully) by Wendtse 
Other unsuccessful attempts were described by Bodenstein and Taylor 87 and py, 
Marshall.38 Jost and Schweitzer were able to demonstrate the reaction (2) bal 
passing a very rapid stream of irradiated chlorine into hydrogen. The free atoms 
however, recombine rapidly on the walls of the conducting tube and the experi. 
ment fails when the irradiated gas remains in the tube longer than 10-4 secong 
Nevertheless, with the demonstration of the possibility of the reaction, the Nernst 

chain becomes admissible. It is thus conceivable that there can be a long. 

continued interplay of reactions (2) and (3) leading to the production of large 
numbers of molecules of hydrogen chloride consequent upon the absorption of 
one quantum of light, before the free atoms which carry the chains are lost by 
wall reactions or by interactions with impurities, e.g., oxygen. ; 

History of the Work on the Reaction. That a mixture of hydrogen and chlorine 
explodes in bright sunlight and reacts slowly in diffused light was first observed by 
Cruikshank.” Quantitative rate measurements, the first on any photochemical change, 
were made by Draper * by means of a “tithonometer.” In this apparatus the hydrogen 
chloride produced was absorbed in water, and the volume contraction was followed by 
the movement of a column of liquid along a capillary. Draper found indigo rays the 
most powerful in causing the contraction, as did Favre and Silbermann.* 3 . 

In the course of this work what has come to be known as the Draper effect” was 
discovered. This consists of a brief expansion on exposure to light, followed by a 
period in which there is no pressure change, and then by a contraction. The details of 
the Draper effect were studied by Mellor and Anderson,“ Bevan,“ and by Weigert and 
Kellerman.” Bevan, who could produce the Draper effect only by use of fairly intense 
light, attributed the effect to a rise of temperature accompanying the formation of 

35 Jost, W.. and Schweitzer, H., Z. physik. Chem., 13B, 373 (1931). 

86 Wendt, G. L., Chem. Met. Eng., 24, 83 (1921); Wendt, G. L., Landauer, R. S., and Ewing, © 
bs hae a a Chem. Soc., 44,°2377 (1922), See, however, Venkataramaiah, Y., J. Phys. Chem., — 

9 ‘2 5 . : 

87 Bodenstein, M., and Taylor. H. S., Z. Elektrochem., 22, 202 (1916). 

38 Marshall, A: -L., J. Phys. i\Chem., 30, 757 (1926). 

39 Cruikshank, W., Nicholson’s J., 5, 202 (1801). 

40 Draper, J., Phil. Mag., 19, 195 (1841); 23, 40 (1843); 25, 237 (1844). 

41 Favre, P. A., and Silbermann, J. T., Ann. chim. phys., 37, 497 (1853). Allmand, A. J., and 
Beesley, E. [/. Chem. Soc., 2694, 2709 (1930); 157 (1934)] find the violet region the most effective. — 

42Draper J., Phil. Mag., 26, 476 (1845). 

43 Mellor, J. W., and Anderson, W. R., J. Chem. Soc., 81, 414 (1902). 

44 Bevan, P. V., Phil. Trans., 202, 81 (1904). 

45 Weigert, F., and Kellerman, K., 7. physik. Chem., 107, 1 (1924). 

"Bunsen, R., and Roscoe, H., Pogg. Ann., 96, 373 (1855); 100, 193, 483 (1857); 101, 32, 237, 275 
(1857); 108, 193 (1859); 117, 531 (1862); Reprinted in Ostwald’s Klassiker, No. 34 and 38 (1892). 

47 Pringsheim, E., Wied. Ann., 32, 384 (1887); Mellor, J. W., J. Chem. Soc., 81, 1292 (1902). 

48 Burgess, C. H., and Chapman, D. L., J. Chem. Soc., 89, 1399 (1906). 

4 Chapman, D. L., and McMahon, P. S., J. Chem. Soc., 95, 1717 (1909); 97, 847 (1910). 
8 Norrish, R. G. W., J. Chem. Soc., 127, 2316 (1925). 

51 Cathala, J., Bull. Soc. Chim., 39, 612 (1926). 

52 Griffiths, J. G. A., and Norrish, R. G. W., Trans. Faraday Soc., 27, 451 (1931); Proc. Roy. Soc., 
147A, 140 (1934). 

58 Chapman, D. L., and McMahon, P. S., J. Chem. Soc., 95, 959 (1909). 
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7. induction period. The rate of the formation of hydrogen chloride has been fou 3 _ reuther 67 suggest that the earlier observations may have been due to the 

to be inversely proportional to the oxygen concentration, at least over the rangi and ae introduction of strong inhibitors such as metal chlorides in the drying 

0.09 to 1.00 per cent.54 a employed. The work of Rollefson and Potts ®8 indicates that at low 
Effects of Water Vapor. From the earliest to the most recent studieg ae eratures at least, the presence of water vapor has no marked effect on the 

-S, +e 

of the reaction. . 

A ‘Development of Chain Mechanisms. The first chain mechanism suggested 

4 Bodenstein involved an ionized. chlorine molecule °° but this was soon shown 

4 excluded 7 by the observations that no ionization occurs in irradiated 

pp Pe @'gas,"1 or during the photocombination of hydrogen and chlorine. Boden- 

- next proposed a mechanism in which the chains were assumed to be carried 

ae activated chlorine and activated hydrogen chloride molecules, a view sup- 

Seed in principle (although not in the details of chain propagation) by Stern 

a Volmer.* _ ye fe : 

~The dissociation theory of Nernst ’? was proposed in 19 ; many attempts 

followed to decide between the “hot molecule and the dissociation theories. 

? empts to compare rates and quantum yields of light and g-ray induced reac- 

attention has been directed to the effects of traces of water vapor on the hydrogen, 
chlorine combination. Baker 55 claimed that under conditions of extreme drynese 
the reaction proceeds only very slowly in direct sunlight, but Mellor and Russel] 5¢ 
found that even these extremely dry mixtures could be made to explode by a 
electric spark. Bodenstein and Dux 57 found the rate of combination of the wasae 
to be unaffected by drying down to a water vapor pressure of 10-3 mm. of mercy; % 
Tramm,°® however, found that drying by a special liquid air technique preventail 
the combination from occurring in sunlight. Coehn and Jung ®® claimed that the 
photochemical reaction was prevented when the water vapor pressure was reduced 
below 10-7 mm. and visible light was the source employed. When the effective 
light was of wave-length shorter than about 2540A the reaction was not Prevented, 
by drying, although the quantum yield was lowered to about eight. On the basis. 

rate 

of these results, Norrish 6° advanced the theory that water is required as a catalyst i: 76 failed to afford a basis for a decision. Much labor was devoted to efforts 
. A ene: | _ % dctite the question by kinetic studies. The earlier attempts were also equivocal, 

Hpac aya yD sess: Hi, Deligned am snieamodiate compound HOG to Dee Dd ‘t became evident that with sufficient ingenuity the kinetic data obtained 
a 4 fall 

under various experimental conditions might be interpreted with some degree of 

1 Brecess by employing the concepts of either theory. The details of the many 

“proposed mechanisms, some of which involved as many as eleven ‘reaction con- 

stants (for the most part undetermined or undeterminable) cannot be given here. 

formed and adsorbed on the walls of the vessel where subsequent reaction occurs 
Coehn’s explanation of the effect of water (an effect due to water in atomic 
chlorine reactions) appeared inadequate both to Norrish and to Cathala,®1 The 
latter worker, however,®2 was unable to accept the theory of Norrish. Kistia- 
kowsky,®? pointed out that the theory of Norrish had been disproved by the experj- 
ments of Coehn and Heymer ® in which a chlorine and hydrogen mixture reacted 
on exposure to radiation in apparatus arranged to minimize solid and liquid stir 
faces. For a time it was believed that water might be required to enable the 
absorption of radiation by chlorine leading to dissociation of the latter into atoms,65 

As the spectroscopic evidence on the dissociation process gained prominence, it 
became necessary to discard such views. The effect of water vapor was next 
attributed to some possible influence exerted by it on the rate of recombination of 
free chlorine atoms.®* Recently, however, in view of the inadequacy of the expla-_ 
nations which could be advanced to explain the mechanism by which water vapor 
aids the reaction, the tendency has been to reéxamine the validity of the phenomenon, 
Particularly is this necessary, since it would be very difficult to explain why water 
vapor should have a greater effect upon chlorine atoms produced by visible radia-_ 
tions than by shorter rays as had been claimed by Coehn and Tramm. Bodenstein 

Be REACTION KINETICS 768 © 

y Contrary to Baly and Barker,’7 more recent observers find the rate of the for- 

mation of hydrogen chloride proportional to the light intensity.’® Rollefson found 

the rate of formation also proportional to the hydrogen and chlorine concentra- 

tions. He reasoned that if the reaction were due to” excited molecules, the velocity 

constant should decrease rapidly at low pressures, since the time between colli- 

sions would then be long enough to permit the excitation energy to be lost by 

fluorescence. Should the reaction be due to free atoms, the rate constant should 

be independent of the pressure. From kinetic considerations and from the prob- 
able life of an excited chlorine molecule, he calculated that it should be possible 

Z: 61 Bodenstein, M., and Bernreuther, F., Berl. Preuss. Akad. Wiss., Phys. math. Klasse, 333 (1933) ; 
Chem. Abs., 27, 3669 (1933). 

+ Rollefson, G. K., and Potts, J. C., J.'Am. Chem. Soc., 55, 860 (1933). 
_-® Bodenstein, M., Z. physik. Chem., 85, 329 (1913). 

7 LeBlanc, M., and Volmer, M., Z. Elektrochem., 20, 494 (1914). 

2 Ludlam, EF. B., Phil. Mag., 23, 757 (1912). 
_  ®Thomson, J. J., Proc. Cambr. Phil. Soc., 11, 901 (1901). 

_ %Bodenstein, M., Z. Elektrochem., 22, 53 (1916). 

™4 Stern, O., and Volmer, M., Z. wiss. Phot., 19, 275 (1920). 

™% Nernst, W., Z. Elektrochem., 24, 335 (1918). Ls _ ane 

a i ., 22, 53 (1916). Taylot; H..S., Jidm. Chem. Seoc.,.37,, 24 ; 
a 38, 280 Poo: ie Ho Oak ok D. cs ie a ca Am.-Chem. Soc., 48, 2603 (1926). 
| a For the evaluation of the various rate constants, see Taylor, H. S., J. Phys. Chem., 42, 789 1453 

™ Baly, E..C. C., and Barker, W. F., J. Chem. Soc., 119, 653 (1921). 
ue : >, 125, 1521 (1924); Marshall, A. L., J. Phys. Chem., 29, 1453 

| ee ng Geetey Ee 7 hem, Son, vier (1930). MRollefson, G. K., J. Am. Chem. 
meooc., 51, 770 (1929) : Bateman, J. B., and Craggs, H. C., Trans. Faraday Soc., 27, 445 (1931); Boden- 
" stein, M., and Unger, W., Z. physik. Chem., 11B, 253 (1930); see, however, Squire, G. V. V., and 
_ Allmand, A. J., J. Chem. Soc., 1869 (4937). 2 Bf) | 

__ ®See, however, Bodenstein, M., and Dux, W., Z. physik. Chem., 85, 297 (1913); Thon, N., 
2. physik. Chem. 124, 327 (1926). For the influence of oxygen on the rate, see Chapman, M. C. C., 

loc. cit.; Norrish, R. G. W., and Rideal, E. K., J. Chem. Soc., 127, 787 (1925). . 

4 Bodenstein, M., and Dux, W., Z. physik. Chem., 85, 297 1913), wy 
5> Baker, H. B., J. Chem. Soc., 65, 612 (1894). . 
°6 Mellor, J. W., and Russell, E. J., J. Chem. Soc., 81, 1272 (1902). 
°7 Bodenstein, M., and Dux, W., Z. physik. Chem., 85, 297 (1913). 

*Tramm, H., Z. physik. Chem., 105, 356 (1923). 
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° Norrish, R. G. W., J. Chem. Soc., 127, 2316 (1925); Trans. Faraday Soc., 21, 575 (1925). 
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to distinguish between these mechanisms at a hydrogen pressure of one yy; 
His data showed no change in the rate constant as the pressure was q 

below this limit and therefore afforded support for the dissociation me 
Recently efforts have been directed toward an understanding of the 

in which, in pure gases, the chains are broken by the removal of the 

llime 
ecreg 
chanj. 

whic! iro tae ato 
Reactions at the wall were suggested by Chapman and Grigg °° for destroil 
the catalyst (the nature of which then was not considered) since the reaction » 

slower in capillary tubes than when conducted under the same light intensit % 

tubes. of wider bore. Trifonoff,8! who suggested that grease on the stopcor 
might start the reaction, believed that recombination of atoms diffused tg , 
walls at low pressures might break the chains. At pressures above 30 mm, 
believed the processes to occur chiefly in the free space, but below 10 mm, p,. 

tically. all of the chains break down at the surfaces of the walls. Bodensteiy . 
Unger were also of the opinion that at higher pressures the chains must be brok 
by some compound present in the reaction space. A volatile deposit, Possibly of 
silicon oxychloride, has been detected on the walls of vessels in which free chlog; 
atoms had been produced. Hertel §* thought that this might be responsible f 
breaking the chains, since the rate of formation of hydrogen chloride could lowered by carrying out the reaction in vessels in which chlorine had Previou: 

been irradiated. He had found that the rate §* might be expressed by k, (H,) (Cl. 

when the chlorine is present in great excess and by ko(H2)?(Cly) when { 
hydrogen is in great excess. He also gave a more general equation, which ne 

not be reproduced here. Hertel believed that the observed rate could be account 
for on the assumption that oxygen terminates the chains by combining with ¢ 
hydrogen atoms. Chapman and Gibbs 54 find the rate of the reaction proportio 
to the square root of the intensity of the light when the chlorine used has by 
very carefully freed from oxygen and other inhibiting impurities. 

Behavior at very low pressures similar to that found by Rollefson has a 
been ‘teported by Allmand and Craggs,®® the reaction proceeding at the norn 
rate even at chlorine pressures as low as 0.012 mm. Water vapor also failed 
affect the rate except at low total pressures. They stated that at total pressut 
of 2 mm. ultraviolet light affords lower quantum yields than does visible lig 
but this difference is not observed at higher pressures. It was thought that 
might be accounted for ‘by the formation of triatomic chlorine molecules by t 
ultraviolet of short wave-length. By quantum mechanical considerations, Roll 
son and Eyring 8° concluded that, for all the halogens, molecules of the type - 
are stable at room temperatures with respect to dissociation into X, and ? 
Cremer 87 had previously suggested the possibility that this molecule might fun 

fa 

tion as a chain carrier, as had Cathala 88 who called it “chlorozone.” °° 

80 Chapman, D. L., and Grigg, P. P., J. Chem. Soc., 3233 (1928). 
81 Trifonoff, A., Z. physik. Chem., 3B, 195 (1929); 6B, 118 (1929); Trifonoff, A., and Ryabini 

Trans. State Phys.-Tech. Lab. (Moscow), No. 14, 26 (1930) ; Chem. Abs., 24, 1297 (1930). 

82 Hertel, E., Z. physik. Chem., 15, 325 (1932). 

88 Hertel, E., Z. physik. Chem., 14B, 443 (1931).. 

84 Chapman, D. L., and Gibbs, F. B., Nature, 127, 854 (1931). 

85 Al] d, 
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86 Rollefson, G. K., and Eyring, H., J. Am. Chem. Soc., 54, 170 (1932). 
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nd and Craggs state that the presence of 0.1 mm. of oxygen retards the 

tween chlorine and less than 0.01 mm. of hydrogen. It has no effect, 

hen there is 0.01 to 0.5 mm. of hydrogen, but under these conditions 

s consumed. 
evel; w 

oxygen } | <a 
oe is of Bodenstein and Schenk 9° on the relative yields of hydrogen 
i. and of water in streaming mixtures of chlorine, hydrogen and oxygen at 
lor! 

been criticized by Chapman and Watkins,94 who employed mixtures rich 

Ritchie and Norrish,9* who determined the reaction rate by measur- 

Behe chlorine absorption, found hydrogen chloride to have a pronounced inhibit- 
B iect on mixtures which contained oxygen. In the absence of oxygen, the 

é ency is given by the expression 

oc, have 
axygell- 

4% tum effici 

, 2.8 10*(He) (Cle) 

, 

ejr maximum quantum yield was 1.2 10°. The velocity of hydrogen chloride 
s mation varies with the 0.6 power of the intensity of the absorbed light in 
‘proximate agreement with Chapman and Gibbs. Reaction chains are terminated 
vainly by self-neutralization.°® In the presence of oxygen, both hydrogen chloride 
1d hydrogen have inhibiting effects, that of the former being four times that of 
e latter. With increasing hydrogen pressures, the quantum efficiency rises 
rough a maximum. For mixtures rich in oxygen, it varies inversely as the 
<ygen pressure and is independent of the light intensity. The quantum efficiency 
also reduced by inert gases. 
spendence on the light intensity. 
According to Krauskopf and Rollefson,®* as the ratio of oxygen to chlorine is 
creased, the ratio of the production of water to that of hydrogen chloride 
pproaches a limit between one and two. From its temperature dependence, the 
tivation energy for the reactions yielding hydrogen chloride appears to be 

er than that for those yielding water. They hold that the existence of the 
for the ratio of the two products shows that the Nernst chains must be ter- 

ted by a reaction H+O.—~HOg, rather than by Cl+O,—CIlO.,. Rollefson 
Potts °® state that at temperatures below 172°K., the melting point of chlorine, 

rate depends on the square root of the light absorbed. From the temperature 
cients, observed at 3600A, the heat of activation is 5.8 kcal. At low tempera- 

res the value 4.6 kcal. is, however, found. They accept the suggestion that a 
volatile silicon oxychloride terminates the chains. They suggest further that 
he large inhibiting effect of hydrogen chloride observed by Norrish and Ritchie 

“may have been due to the introduction of an inhibiting impurity in the hydrogen 
chloride added. The rate equation given by Rollefson and Potts is said to be valid 
at temperatures as low as 200°K. The equation is: 

At low concentrations of oxygen, it shows a 

1 

(acy 

(Cle) 

“Chapman, D. L., and Watkins, J. S.. J. Chem. Soc., 743 (1933). 
"Ritchie, M., and Norrish, R. G. W., Proc. Roy. Soc., 140, 99, 112, 713 (1933). 
4 See also Tamura, M., Rev. Phys. Chem. Japan, 11, 1 (1937); Chem. Abs., 32, 1184 (1938). 
™ Ritchie, M., J. Chem. Soc., 857 (1937). 

_ » Krauskopf, K. B., and Rollefson, G. K., J. Am. Chem. Soc., 
Chem. Soc., 857 (1937). 

 Rollefson, G. K., and Potts, J. C., J. Am: Chem. Soc., 57.1027 (1935). 
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dt 
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in which ky=0.1. Some of the proposed chain mechanisms have been disgiil 
by Bates.°7 An interesting direct method of demonstrating the existence —- 
chain reaction has been the application of the para-hydrogen test for the presi 
of free hydrogen atoms,®° to which reference has been made in a preceding cha “a 
Kokochashvili 9° has studied the reaction by the aid of very brief irtadiatt. 

(.08 second) of high intensity secured by magnesium flashes, and has discyall 
his results from the standpoint of chain mechanisms. Deuterium molecules . 
less reactive than hydrogen, the activation energy being slightly higher for 4 

former.t°° Farkas and Farkas 1° find the reaction with deuterium to Proceed | 
one-third the rate of that with hydrogen. They ascribe the difference in tated 

the larger zero-point energy of hydrogen as compared with deuterium, m: 
calculated additional activation energy of 0.8 kcal. required by deuterium Agtes 
well with the difference in zero-point energy between H1,, HD and Dy of gy 
and 1710 cal. 3 : a 

4 nd Crages 197 have found it possible to form hydrogen 

Recently Bree of 01.06 mm. of hydrogen and 1.7 to 166 mm. of chlorine 

joride oe with light of 5460A, a slightly longer wave-length than corresponds 

re jeradiate iation of chlorine into normal atoms. It would be expected that if 

) the ec iles are formed and dissociated on impact with other molecules the 

cited i ergy of excitation must supply most of the energy for the subsequent 

psorbed’ ” The slight deficiency involved when 5460A is used can, however, 

re otherwise. If the chlorine molecules which absorb this energy are 

e supphic hich vibrational levels they can acquire sufficient energy by the absorp- 

nitially im Be esleneth, The results could, it was believed, be correlated with 

io a” - background of the banded absorption spectrum of chlorine. No 

he BE curred at 5790A. From the temperature coefficient of the reaction at 

ee ne activation energy appeared to be 9.78 kcal. The quantum efficiency 
a to unity at 4360A was approximately 0.3. Subsequent to a more recent 

relative tation of the continuous absorption spectrum of chlorine, Bayliss has 

int fee that at all wave-lengths the primary process is the same—dissociation— 
sho 

; | 7 , erature coefficient and activation energy are inde- 
Within the continuous regi Bodenstei d Schenk 19? found th na and that the “onnwe ee iti diation.1°° | s region, Bodenstein and Schen oun € quanty; sendent of the wave-length of the exciting radiation. 

p yield to be independent of the wave-length. Allmand and Beesley,!% using filters Pin addition to the investigations in which temperature coefficients have been 
gave the following relative values: 2600A, 0.10; 3130A, 0.49; 3650A, 0.53; 40504 _ d for calculations of activation energies, there have been a few earlier 
1.00; 4360A, 0.67 and 5460A, 0.22. On the other hand, Bateman and Allmand 10: | ions of temperature coefficients to which very brief reference may be 

found the quantum yield independent of the wave-length between 4000A and 49004 . Padoa and Butironi1°® seem to have been the first to make such determi- 
but observed it to fall slowly on either side of this region. The earlier result mace. 

were attributed to the accidental use of a glass window. A result at 4929; 

° G * ‘ e 

‘nations. They found the acceleration produced by increase in temperature to b 

was considered anomalous since the ratio between the yield at this wave-lengt} 
put small in the ultraviolet, greater for violet and blue light and a maximum for 

and that at 4050A rose on prolonged irradiation from an initial value of 0.6 to + 
a re: g - 50; blue (4900-47004), “geeen light. The values were: green (5500-5300A), 1.50; b 

i yi (4600-4400A), 1.21; ultraviolet (4000-3500A), 1.17. Hertel’s obser- 
constant value of about 8. Between 4000 and 2900A the yield was of constan a: 
order of magnitude, but appeared to fall off by about 10-20 per cent in going fron 

" yations gave 1.48 in the band region in good agreement with those of Padoa. The 

the visible toward the shorter wave-lengths.1° The observation that a definit 
 yalues obtained by Livingston and Lind 1° were somewhat lower. , 

reaction can take place at 5400-5500A is of interest in view of earlier discussions 
Lavrov 111 has made many determinations of the critical pressures at aig the 

i 3 . carbon arc will ignite various mixtures of chlorine, hydrogen and various gases. 
(Chapter 15) regarding the existence of a threshold wave-length for this reaction10 i 

_ Hertel assumed the primary process to be the formation of excited chlorine mole: 
cules under the influence of light in the band region. A small fraction of these mole- 

cules is then dissociated by impact with molecules of either hydrogen, chlorine or of 
hydrogen chloride. The efficiencies of these molecules in effecting dissociation were 

found to be in the ratio of 1:3:0.5. Asa result of this dissociation, chains are set 

up as in the continuous region. The quantum yield in the region between 4850 and 
5090A was found to be about half that observed by light in the continuous region. 
Hertel believed it would be very difficult to determine whether the reaction could 
proceed at wave-lengths longer than 5000A since the absorption is so low in this 
region. He noted that Dhar and Bhagwat had found a limiting zone at 6650A, and 

believed that a slight reaction might occur at 7700A. | 

4 

THRESHOLDS AND THE EFrects oF WAvE-LENGTHS 

2 | , 241 (1936). | | 
107 Allmand, A. J., and Craggs, H. C., J. Chem. Soc., ; 

108 an, R. G,, and Bayliss, N. S., Trans. Faraday Soc., 33, 1333 (1937); Bayliss, N. S., Ibid., 
es, 1339 (1937). 
oy a Padoa, M., and Butironi, C., Atti accad. Lincet, 24 (IT), 215 (1916); Chem. Abs., 11, 1356 (1917). 

ce Baision ; Chem. Soc., 52, 593 (1930). 7 
‘10 Livingston, R., and Lind, S. C., J. Am. 0C., Sey a 

- .% lin, A. V., Acta Physicochim. U.R.S.S., 1,_979 (1934); Brit. Chem. St; 

F ee coke): pian a "and Perel’man, T., Acta Physicochim. "URLS Se, 2, 91 (1935); Chem. 

 Abs., 29, 6506 (1935). 
r 

“Bates, J. R., Proc. Nat. Aced.;Sci., 19, 81 (1933). 

88 Geib, K. H., and Harteck, P., Z. physik. Chem., 15B, 116 (1931). 
89 Kokochashvili, V., Z. physik. Chem., 23B, 431 (1933). 

100 Rollefson, G. K., J. Chem. Physics, 2, 144 (1934). 

101 Farkas, L., and Farkas, A., Naturwiss., 22, 218 (1934). 
102 Bodenstein, M., and Schenk, P. W., Z. physik. Chem., 20B, 420 (1933). 

108 Allmand, A. J., and Beesley, E., J. Chem. Soc., 2693, 2709 (1930). 

1of Bateman, J. B., and Allmand, A. J., J. Chem. Soc., 157 (1934).. 

105 See also Norrish, R. G. W., and Ritchie, M., Proc. Roy. Soc., 140, 99, 112, 713 (1933). 

100 Hertel, E., 2. physik. Chem., 14, 443; 15, 325 (1932). ; 
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nted : 

“The forma 
pservation. 
3 jncreasing 

; formed 19 

or the production of ozone in various types of apparatus by the action of 

a t radiations.® | | ts 

tion of ozone in the vicinity of quartz mercury arcs 1s now a familiar 

Dadlez 1° measured the diminution of the ozone content of the air 

distances from lamps of various makers to determine whether ozone 

sufficient amount to constitute a health hazard to operators of these 
Chapter 19 

1 7 | 4 oy found that concentrations not greater than 0.05-0.3 mg. per cubic 
Reactions of Inorganic Gases if . Be educed under favorable conditions. Symptoms of distress are pro- 

Other than Halogen Halides ad only when the concentration reaches 1.0 to 1.5 mg. per cubic uane iPr 
| Sin | per cubic meter are necessary to render the atmosphere unsupportable to 

, Nevertheless, Cornelius’! recommended filtration to eliminate the rays 

Sing ozone, at least in drying patent: leather. | 
q The formation of ozone by the shortest wave-lengths of the mercury arc, 

chiefly the 1850A line, may be now considered in the light of early work on the 
PS spectra of oxygen. A series of bands in the Schumann region observed and 

measured by Schumann 12 and by Runge # are known as the Schumann-Runge 
pands. They begin at about 1925 to 2026A according to Leifson,** and converge 
ta limit at 1751A.1° Detailed term analyses of these bands have been given by 

Ossenbriiggen.1° Flory 17 believes the Og molecule predissociates in the band 

‘region above 1751A into normal ®P atoms. Quantitative absorption data by 

' adenburg, Van Voorhis and Boyce !® and by Granath 9 indicate that the limit 

js followed by a region of continuous absorption which has its maximum at 1450A, 

‘and continues to nearly 1300A.*° It has been subsequently shown that the products 

"of the dissociation which occurs at or beyond 1751A are a normal ?P and an excited 

“1p oxygen atom.?! Frerichs?? found the excitation energy of the *D oxygen 

atom to be 1.96 e-volt. When-this energy is deducted from that which corre- 

q sponds to the convergence limit (A05 volts), the heat of dissociation of oxygen 

- jnto two normal atoms is found to be 5.09 e-volts, which corresponds to 117.3 kcal. 
or 2429A. Data on the kinetics of the reaction produced by the mercury line at 
: 1850A are not available. Working with radiations of wave-lengths 1862 to 1719A, 

 Eucken 22 found a negative temperature coefficient for the conversion of oxygen 

eat very low pressures into ozone at temperatures between those of the room and 

~ fiquid air. 

REACTIONS OF OXYGEN 

The Oxygen-Ozone Transformation. Schéonbein, who was the discovere, ; 
ozone, reported that oxygen can be photochemically activated! and Nernst 2 inter 
preted the formation of ozone by the silent electric discharge as a Photochemiea 
reaction. Lenard? observed formation of ozone in air by the action of spark 
from a Leyden jar and demonstrated that it was due to light of wave-lengths leat 
than Z000A. Goldstein * succeeded in preparing a dark blue liquid containing : 
high percentage of ozone within a discharge tube containing oxygen and immersed 
‘in liquid air. : q 

With the advent of quartz mercury arcs, reports began to appear regarding 
the conditions under which a considerable yield of ozone could be produced in ai 
by ultraviolet radiations. Fischer and Braehmer ® described an apparatus in whic} 
electrolytic gas was conducted through an annular narrow space surrounding | 
quartz-contained mercury arc, the entire apparatus being cooled by immersioy 
in water. Their measurements of the yield of ozone produced under differen 
conditions of operation indicated its formation to be opposed by a reverse reaction 
the speed of the latter increasing rapidly with rise of temperature. Warbure 
and Regener® had previously shown the silent discharge and the short wave. 
length radiations of sparks to possess both ozonizing and deozonizing propertie; 
and Regener 7 had shown that the deozonizing effect is produced by wave-length: 
absorbed by glass but not by quartz. Regener found that a concentration of 22 
per cent ozone could be produced by irradiating oxygen with the light from an 

aluminum spark, the chief»intensity of which lies petween 1719 and 1884A. The 
same stationary concentration was also produced when a gas containing a con- 
centration of 6 per cent of ozone (prepared by the action of a silent discharge) 
was irradiated by the spark. The scant absorption data then available indicated 
that the ozone was chiefly formed by radiations of 2000A or less and that it was 
decomposed by wave-lengths between 2000 and 3000A. j 

Chapman, Chadwick and Ramsbottom ® obtained considerable yields of ozone 

by the action of ultraviolet rays on partially dried oxygen, using a manometric 
method for following the reaction. At about this period several patents were 

pan 

& : % ; 

- -8Chapman, D. L., Chadwick, S., and Ramsbottom, J. E., J. Chem. Soc., 91, 947 (1907); see also 
a Mee pion Nogier, T., Compt. rend., 147, 354 (1908) and v. Aubel, E., [bid., 149, 983 (1909); 
«LO, . 

___—s- © Potter, H. N., U.S. P. 854,965, May 28, 1907; Jaubert, G. F., French P. 415,574, July 19, 1909; 
- Davis, N. W., U.S. P. 1,209,132, Dec. 19, 1916; Chem. Abs, 11, 549 (1917). 

10 Dadlez, J., Compt. rend., 185, 89 (1927); L’Union Pharm., 69, 17 (1928); Chem. Abs., 23, 2660 
1929). 

~ Cornelius, F.; Chim. et Ind., 6, 218 (1921); German P. 318,065, Nov. 15, 1916. 

Schumann, V., Smithsonian Contributions to Knowledge, 29, No. 1413 (1903). 

Runge, C., Physica, 1, 254 (1921). 
-M4Qeifson, S. W., Astrophys. J., 63, 73 (1926); Hopfield, J. J., and Leifson, S. W., Phys. Rev., 25, 

“eke a 716 (1925). . 
ee ee ee a _ Birge, R. T., and Sponer, H., Phys. Rev., 28, 259, 270 (1926). 
2 Nernst, W., Jahresber. Elektr. Ges., 38 (1894), cited by Plotnikow, J., “‘Allgem. Photochemie, MOccenbriegen, W., Z. Physik, 49, 167 (1928): 

ss " fei apes 1, 486 (1900) | “Flory, P. J., J. Chem. Physics, 4, 23 (1936). roast 
Aca : ea : 18 Ladenburg, R., Van Voorhis, C. C., and Boyce, J. C., Phys. Rev., 40, 1018 (1932); Ladenburg 

gg ae a ee ahi hacia has also Sioned the work on absorption by atmospheric oxygen. J. Opt. Soc. Am., 25, 259 (1935). 
5 Fischer, F., and Braehmer, F., Ber., 38, 2633. (1905). 7 “2Granath, L. P., Phys. Rev., 34, 1046 (1929). 
6 Warburg, ie and Regener, E., Sitzber. K. Akad. Wiss. Berlin, 1228, 1904; J. Chem. Soc., 86 2 Stueckelbere Me CG Phos Rev., 42, $18 (1932). 

(ii), 692 (1904). a fee eS BSH . “ 

7Regener, E., Ann. Physik, 20, 1033 (1906). For a recent theoretical discussion of the equilib- . bere, G., Z. physik. Chem., 4B, 223 (1929). 
rium between ozone formation and decomposition, see Eucken, A., and Patat, F., Z. physik. Chem, '“Frerichs, R., Phys. Rev., 36, 398 (1930). 

er ae %Eucken, A., Z. physik. Chem., 107, 436 (1923). 
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The absorption data thus far considered are not adequate to explain the te 
of Warburg on the formation of ozone by the irradiation of oxygen in a strean a 
system with the lines 2070 and 2530A.24 These wave-lengths are longer thay , 
Schumann-Runge bands and in order to secure sufficient absorption for a8 
to occur, it was necessary to employ the oxygen at high pressures, 
wave-length 2070A, Warburg found a quantum yield of 3.1 when th 
pressure was 125 kg. per square cm., and somewhat lower values at 
high as 300 kg. With the longer wave-length, 2530A, the quantum yields + 
somewhat lower and the same drop was observed with increase in pressure Wa. 
burg attributed the decrease in yield with increase in pressure to some influence , 
adjacent: molecules upon each other which affected their ability to absorb radia 
tions. The absorption of the 2070A line was found to increase nearly seven ti 4 
when the pressure was raised from about 30 to 325 kg. per square cm:25 Noyes 2 
who has given a critical historical discussion of the reaction, believes, howeye 
that the observed pressure effect on the quantum yield was not much greater the 
the possible experimental errors. 7 | ' 

To account for the quantum yield of three, Warburg suggested, in the case ¢ 
the 2070A line, a primary dissociation into atoms. This, however, is in disagree 
ment with the subsequent findings upon the convergence limit of the Schuman: 
Runge bands. Warburg recognized that the 2530A line could not produce 
ciation of oxygen and suggested that a mechanism involving excited m 
would be necessary. , 4 

Further interpretations of the results of Warburg have been given by Wulf2 
who has pointed out that the oxygen molecule does not absorb in the region: 
Warburg found effective. Certain weak bands which have been found in long 
paths of oxygen at ordinary pressures 28 and in compressed or liquid oxygen 2 
appear to converge to a limit at 2429A. This agrees with the energy required fo 
the dissociation of oxygen into normal atoms. The weak bands are followed by 
a weak continuous region which extends to shorter wave-lengths and even under. 
lies the Schumann-Runge bands. Wulf believes that the light of wave-lengt] 
2070A, in Warburg’s experiments was absorbed by this continuum. He ascribe 
the new bands, at least in part, to a van der Waals molecule, Oy, the presence of 
which in highly compressed oxygen had previously been suggested by Lewis 80 
from a consideration of the magnetic susceptibility of oxygen at low temperatures, 
In support of this, Wulf cites the fact that the absorption intensity at 2470A 
increases as the square of the oxygen pressure. From an extrapolation of data of 
Liveing and Dewar,*+ he computed the region of the beginning of the continuous 
spectrum following the bands to be near 2470A, which he thought might correspond 
to dissociation into an ozone molecule and an oxygen atom. Guillien 32 also inter- 
prets data on the absorption of liquid oxygen as indicative of an equilibriu n 
between Oy and O, molecules. A set of bands lying in the region of the con- 

an t] 
act; ; 

With 4 

C Oxyge 
Pressureg 4 

uman: n 

a disso 
olecule 

*4 Warburg, E., Sitzb. Akad. Wiss., 216 (1912); 872 (1914); Z. Elektrochem., 27, 133 (1921). 

2 Warburg, E., Sitzb. Akad. Wiss. Berlin, 230, 1915; J. Chem. Soc., 118 (ii), 404 (1920). 

26 Noyes, W. A., Jr., Rev. Modern Physics, 5, 283 (1933). 

Po aoe O. R., Proc. Nat. Acad. Sci., 4, 356 (1928); 14, 609 (1928); J. Opt. Soc. Am., 25, 2a 

8 Herzberg, G., Naturwiss., 20, 577 (1932). rl 
29 Ciechomski, L., Beibl. Ann. Physik, 39, 240 (1915); Shaver, W. W., Proc. Roy. Soc. Congas Ly 

15, (III), 7 (1921). For the absorption of solid oxygen, see Prikhot’ko, A., Ruhemann, M., ang 
Federitkenko, A., Physik. Z. Sowjetunion, 7, 410 (1935); Chem. Abs., 29, 6141 (1935). 

30 Lewis, G. N., J. Am. Chem. Soc., 46, 2027. (1924): 

81 Liveing, G. D., and Dewar, Sir J., Proc. Roy. Soc., 46, 222 (1889). 

82 Guillien, R., Compt. rend., 198. 1484 (1934). 

aa 

tion bands,4° for which Colange 41 has given quantitative absorption data. 

- diffuseness of the bands indicates the occurrence of predissociation. 
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og the Herzberg bands has. been found by Finkelnburg and Steiner °° to 
gence © sity with the square of the pressure, although they attributed the 
a roximity of two oxygen molecules rather than to the formation ot 

ect 10 | os uments for and against polymerization have been critically dis- 

ee final conclusion between the possibility of the existence of 
18 snd absorption by a pair of Os molecules during collision has not heen Sipe 
an’ =. does not believe the oxygen molecule should be considered a free radical, 

Ste . aramagnetism, since the spin interaction between two oxygen ‘mole- 

a — low energy, not of the order of magnitude involved in chemical 

Fec 

yy 34 5 ; 

ced DY Wulf A 

afes fas | 

Ber claimed by Dickinson and Sherill 87 that the formation of ozone at 

it Fic pressure can be stimulated by the presence of excited mercury atoms. 

one of an oxygen molecule with an excited mercury atom can give it nearly 

== necessary for dissociation into normal atoms 37a or the excited mercury 

a Bray on collision produce an excited oxygen molecule. | 

a Radiations passing through fluorite (average wave-length nie 5 ava a 
D to or shorter than the convergence limit of the Schumann- unge 2 

/ a zone in oxygen at atmospheric pressure with a quantum efficiency of two.° 

: Bone region of the bands the primary process has been believed to be the forma- 

. of an excited molecule followed by reactions as indicated in the scheme: 

O.+ hv —— OO 

O.* + O2: —~7 Oz + O 

OO + Og, 708 

“The latter two processes are assumed to occur on the walls or as a result of ips 

collisions. In the region of continuous absorption, two oxygen atoms, one exci 

re duced, and each then is assumed to combine with an oxygen mole- 

ry process is one of predissociation, the first 

irectly, eliminating the necessity for the 

(4D) are pro nen 
cule. If, as Flory suggests, the pr: 

~ equation would yield oxygen atoms 

second equation. A o79W 

The Decomposition of Ozone. Ozone possesses absorption bands both in 

‘ the visible and-in the ultraviolet regions and decomposition can be effected by 

} absorption of light in either of these regions. Although the first investigations 

were conducted in the ultraviolet range, it is simplest to begin with the effects 

_ of visible light. | | | 3110 

a -Ladenburg and Lehmann 39 showed ozone to possess a group of visible wees 

33 Finkelnburg, W., and Steiner, W., Z. Physik, 79, 69 (1932). Pay 

 84See also Steiner, W., Trans. Faraday Soc., 30, 34 (1934) and Salow, Ey, 

Z. Physik, 99, 137 (1936). 

; 3 Wulf, O. R., J. Am. Chem. Soc., 50, 2596 (1928). 
86 Salow, H., and Steiner, W., Nature, 134, 463 (1934). ic Pet 

87 Dickinson, R. G., and Sherill, M. S., Proc. Nat. Acad, Sct., 12, 175 (1926); for a detailed ene 

and Steiner, W., 

cussion see Franck, J.. J. Phys. Chem. U.S.S.R., 5, 1013 (1934). 

87a Presumably the deficit is made up thermally. 
| : Groth, W.. [Z. ae N , W. A, Je, J. Am. Chem. Soc., 52, 559 (1930); ‘ 

“ead 37, 307 COSINT Eads it 1.90 for the xenon lines 1295 and 1470A. 

39 Ladenburg, R., and Lehmann, E., Ann. Physik, 21, 305 (1906). 

40 See also Wulf, O. R., Proc. Nat. Acad. Sci., 16, 508 (1930). . 

41 Colange, G., J. Phys. Radium, 8, 254 (1927). 

42 Grifith R.: O., and Shutt, W. J., J. Chem. Soc., 119, 1948 (1921); 123, 2752 (1923). 
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By the use of filters, Griffith and Shutt 42 concluded the most effectj 
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be in excited states. Mecke,*9 admits this possibility but. places the 
. 

‘ 

: ve f may _ Tegions to lie between 7600 and 6700A and between 6150 and 5100A. The dell Be cocth limit at 2655A.°° siriaie teat Paice acca Gee Mes position rate was proportional to the square of the ozone concentration, a rave” rly observations upon itis ey tae = In the presence of hydrogen, believed the reaction to be catalyzed by hydrogen. Some water formation > Be cre reported by v. Bahr °* and by canieai | also observed in accordance with the reaction Hy +O3—H,.O + Og.. This lal ey gis was observed. és raitt mensunedi tila quantal SBE reaction became predominant when the original ozone concentration Was beloy ; # sing the wave-length 2930A, ge aS epee Eataocr enmic ceca 2.4 per cent. In the presence of ¢arbon monoxide,*? some carbon dioxide wi . fon under various sae 4 as considerably greater in the presence produced in an analogous reaction, which, however, occurred to but a shi q eat or less, the yield was ae t au Tea obd [et ocl eneationaraber ete extent. The simple ozone decomposition was said to be catalyzed by foreign an i per wrogen (1.1) or helium (1.7). a pa A cheatin eoneentian oan in the following decreasing order of effectiveness: hydrogen, (far more effect; a of vaased to 3.5 at 9 per cent. With mois ene ield as high as 8, suggesting a 
_ than the others), helium, argon, nitrogen, carbon monoxide, and carbon dioxide s ia of the wave-length 2090A gave a quar y : These authors believed the mechanism of the ‘decomposition to involve the forma, Bein reaction. tion of activated molecules of ozone. These were then thought to com : cha 

OXygen 
S€ with 

with an ozone molecule in its ground 
with other molecules, might dissociate to yield from each complex three molecules. The temperature coefficient of the reaction was found to increa 
the wave-length. 

Similar results were reported by 
light of 6200A, used mixtures cont 
the total gas pressures from atmos 
yields to be greater than two, an 
absorbed and of the effective pres 
in the absence of other added ga 
excited ozone molecules and tha 
catalyze the decomposition, appea 
inhibitors than oxygen. 

Schumacher 45 proposed a mechanism in 
ozone into an oxygen molecule and an ox 
capable of effecting this process, which requires 24.6 kcal., although this was not known at the time of Kistiakowsky’s first paper. The foreign gas inhibitions — were attributed to their specific effects on the recombination of the dissociation products to form ozone in three-body collisions. In the case of hydrogen, an— interaction of the oxygen atom with the hydrogen 
suggested as the cause of thé ten-fold increase in th 
position. 

state to form a complex which, on ¢ 

; 

Kistiakowsky,44 who employed monochromatic 
aining up to 70 per cent of ozone and Varied 
pheric down to 9 mm. He found the quantym _ 
da direct function of the amount of red light 
sure of ozone in the system. He believed that 
ses oxygen acted as an effective deactivator of 
t those gases which, like hydrogen, seemed tal 
red to do so only because they were less effective 

volving a photodissociation of the 
ygen atom. Visible light is energetically 

The strong absorption of ozone in the ultraviolet region has been the subject — of numerous investigations, some of which have been discussed in Chapter 10. 
The maximum lies a 
appears partly 
of weak intensi 

Schumacher 47 

banded and partly continuous; the bands, of which there are 23. 
ty between 3050 and 3400A, become sharper at low temperatures. 
believes an underlying continuum may be due to dissociation into 

an oxygen molecule in the ground state and an excited oxygen atom, or vice versa. 
Kondratjew #8 suggests that at wave-lengths less than 2700A both dissociation 

8 Griffith, R. O., and McWillie, J., J. Chem. Soc., 123, 2767 (1923); Griffith, R. O., and McKeown, A., Trans. Faraday Soc., 21, 597 (1926). , 
“4 Kistiakowsky, G. B., Z. physik, Chem., 117, 337 (1925). 
45 Schumacher, H. J., J. Am. Chem. Soc., 52, 2377 (1930); 
physik. Chem.. 11B, 38 (1930)'s. 2, Elektrochem., 38, 620 (1 
46 Wulf, O. R., and Melvin, E. H., Phys. Rev., 38, 333 (1930). 
47 Schumacher, H. J.. J. Am. Chem. Soc., 52,°2389 (1930). 
48 Kondratjew, V., Z. ph ysik. Chem., TB, 70 (1930); Jakolewa, A., and Kondratjew, V., Physik. Z. Sowjetunion, 1, 472 (1932). ; ; 

Schumacher, H. J., and Sprenger, G., i 2 
932). 

molecules to form water was _ 
e velocity of the ozone decom- _ 

t about 2550A. According to Wulf and Melvin,** the spectrum — 

a acher and Beretta >+ find the mechanism of the reaction due ° arg bal: os QA to be similar to that occurring in red light. Heidt an orbes 

Tength °° the magnitude of the quantum efficiency of the decomposition ot sae 
ped trom that even in the absence of water vapor the reaction produced by , 

a oor 2800A has chain characteristics. The yields were frequently above se 

BD etisnes four and even as high as 6.7. The ee efficiency canes Piles pore. nd decreased with that of oxygen. 9° the partial pressure of ozone a ivGleneth) was ‘observed’ ‘The -hhaperite 
of the quantum “ie See i Hi greater at very low temperatures. Heidt °° 

ond Pe scrciniandiy ie Sai cere yields at 3130A as at 2080A. a 
The Chlorine-Sensitized Decomposition of spe 7 ee a ED tetas 

: iti e br out by the a a ts decomposition can be brought abou ) : 4 
°C . di ered by Weigert,°? who concluded Be es. tosensitizer. This reaction was discov y ; ; 

" .. 6 be proportional to the light absorbed by the era and phatere re ss 
: : 58 fourid the absorption of one qua: ne concentration. Bonhoeffer ’ 
the 4050) to produce the decomposition of two molecules of ozone. ke meas 

| Beevations by Allmand and Spinks 5? have shown era ee Maes grt An 
‘s ich > i Under these conditions 3 t high ezone concentrations. 7 
mee cases 29) 2 talc ‘oot of the light intensity. Schumacher tion is proportional to the square root o ig An 
a Soeur a0 asigbestell the formation of ClO as an Dea spa ae el 

| It 1 gave evidence for the tion, and Bodenstein, Harteck and Padelt ® ea 
come ClO;. There are many complicating features, as an induction ae 

Biot observed by Weigert) and after effects. Allmand and Spinks suggeste 

} | 392 (1931). ., Z. physik. Chem. Bodenstein Festband, Seas 

“A fe ied Bho on the absorption spectrum of ozone in the a ase eu) Ey ang i. 

ae Ait, 1232 (1928) 4,2: Pgs Be ae 7, 387 C1936) ine ae Ds, acd landbey, ai), 
Snes Red. is J 3g3° (19295; Tneze. "MN, and Shit-Piaw, C., Come. rend. 198, 309 (1999); 
,. E., Compt. rend., 202, 1426 C30). a | 

5 E., Ann. Physik, 33, 59 ; | Maen 

q kee F., Z. phystk. Chev, 80, 78 (1912); Ber., 46, 815 (1913); Weigert, F., and Bohm 

Z. physik. Chem., 90, 189 (1915). 
_ 8 Warburg, E., Sitzb. Preuss. Akad., 644 (1913). } 

54 Schumacher, H. J., and Beretta, U., Z. physik. Chem., 17B, 405, 
., 146A, 848 (1934). 

¥ ee. 4, i and Forbes, G. S., J. Am. Chem. Soc., 56, 2365 (1934). 

iat. L. J. 1935). 56 t, L. J., J. Am. Chem. Soc., 57, 1710 ( | 

57 Geen - Ann. Physik, 24, 243 (1907); Z. Elektrochem., 14, 591 (1908). 

K. F., Z. Physik, 13, 94 (1923). . 

| ea a J., and Spinks, 1 We T., Nature, 124, 651 (1929); J. Chem. Soc., 1652 (1931); 
599 (1932). | Sanat ae 

60 aS H. J., and Wagner, C., Z. physik. Chem., 5B, 199 eee fare 
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chlorine atoms, formed in the primary absorption process, may combine to Clg at at 1340A. Mecke "9 believes there is a series of bands a rpetia hice on collision with ozone molecules and that a chain reaction. may ensue ang - ag vesponding to.a dissociation into an excited hydroxyl ye and ‘ yd ee ‘ 
terminated by the absorption of intetmediate atoms or groups.;on the walls. Fur corres “A continuous region near 1800A may correspond to a dissociation into thermore, some ClQ3 molecules may unite to form chlorine’ hexoxide which = atom. atom and a normal state hydroxyl radical. Quantitative data on the : Ma via the presence of water forms chloric and perchloric acids. The combination of Cy ice of water in the longer wave-length ella and in the visible have 
atoms and oxygen molecules may also give rise to ClO». The latter, re | abso yen by Granath ™ and by Dawson and Hulburt. 

a ae rding to Plotnikow, the first observation of the photo-chemical decompo- 

a - water into hydrogen and oxygen was made by Baker.” Similar abreryg= 

ee re made by early workers with the quartz mercury arc.“* Tian,’ who 
tions a traces of hydrogen peroxide, clearly recognized that only the shortest 
obtaine ssing through quartz were capable of effecting the decomposition of water. 

his D fiewds water vapor in the upper atmosphere to be decomposed by the 

i ey eccsinéa the production of a stationary state in which irradiation of 
¥ 4 4 Sei caused a decomposition of 0.2 per cent; the decomposition increased 
wer he light intensity and decreasing pressure. Andrejeff,”8 however, found that at 

| ec in the stationary state, decomposition had proceeded to only 0.002 per cent. 
| a theoretical studies from the modern viewpoint are available. Met 

| The formation of hydrogen peroxide from water and oxygen by u travio 

4 rays has been observed. It appeared to depend largely upon special experimenta 

-onditions or possibly upon the presence of impurities.” (379) 7 —c0 arlier workers claimed to have been able to induce the combination of hydro- 

gen and oxygen by exposure to the ultraviolet radiations of a eaige os 

Although Thiele 8° believed the presence of moisture not to be necessary the 

combination to occur, Baker and Carlton 54 were unable to observe i het 
tion during irradiation for five or six hours of gases which had been drie mance 

weeks. Wet gases showed a certain amount of reaction during the shin perio : 

} ek cwsky 82 ese sak the reaction in two wave-length regions, the 

with ozone, forms oxygen molecules and ClO; groups. 
Heidt, Kistiakowsky and Forbes 6 found highly abriormal temperature cope cients ranging from.0.7 to 14.6. The purer the gases the more erratic were 4, 

results and the more prominent a “fast” reaction in the dark following a Dries exposure to light. A marked decrease in the rate with the time of illumination was also observed. No mechanism could be proposed capable of explaining the results. In a subsequent investigation, Norrish and Neville 6 observed a rae liquid oxide of chlorine (C1O,),, and suggested that its separation and slow decom. position might in some manner account for the observations of Heidt, Kistiakoy_ sky and Forbes. Norrish and Neville found that at low ozone concentrations, tha reaction is of zero order and has a chain mechanism. At high ozone concentra, tions, in agreement with Allmand and Spinks, the rate was proportional to the square root of the light intensity (3650A). At high concentrations of oxygen and chlorine, the rate was proportional to the first power of the intensity and the reac. tion was inhibited. The quantum yields varied from two to about ten, Chains may be propagated both by chlorine atoms and by ClO radicals. Nitrogen and car 
bon dioxide appeared to have no effect on the reaction. Rollefson and Byrng 64 
isolated ClO, from the reaction mixture and noted that its occurrence therein pre. 
vents pressure measurements from affording an accurate indication of the amoy t of ozone decomposed. They also produced evidence for a reaction mechanis n involving C1,O,. . | 4 

The chlorine-sensitized deco position of ozone was used in actinometry by Cremer ® since when low ozone concentrations are employed and light absorbed only by chlorine is used, the quantum yield is generally found to be two. Even source being a condensed spark between aluminum disk electrodes. When. the 
in carbon tetrachloride solution, quantum yields of two have been observed for lines about 1720A, that is, wit in the continuous absorption ithe ‘et Pe sete! both the unsensitized and the sensitized ozone decompositions.®6 | a were employed, the yield of ozone in the presence of hydrogen was only ais our 

Jo Lne effect of irradiation of ozone-chlorine mixtures by wave-lengths absorbed © of that in the presence of nitrogen and an equal amount of hydrogen Lee i ae by the ozone rather than by the chlorine has been investigated by Bodenstein and also formed. The ozone yields were proportional to fine; relative; concen he i i Schumacher,®7 who proposed a mechanism involving directly excited ozone mole- _ oxygen in the hydrogen-oxygen mixture, and the yields: of hydrogen peroxi ae 
cules. These were thought to react with chlorine molecules with the formation of proportional to the concentration of hydrogen. In the ‘more sips tile et the ClO radical and ClO,. They found also that chlorine hexoxide was produced it was found that in the presence of increasing concentrations of hydrogen, the and that its yield could be increased by lowering the temperature or by increasing ozone yield decreased to zero and the yield of hydrogen: peroxide increased. At 

ee ar ee dasa: — - 7 Mecke, R., Trans. Faraday Soc., 27, 369 (1931). | 

'™Granath, L. P., Phys. Rev., 34, 1046 (1929). | | ; 
2 Dawson, L. H., and Hulburt, E. O., J. Opt. Soc. Am., 24, 175 (1934). | | | 

- ®B Baker, H. B., Proc. Chem. Soc., 18, 40 (1902). ie a * | 
7! i ‘ us : iele, H., Ber., 40, 4914: (1907); Z. angew. 
, Bion 32 53! ePSoay tT Beneiee verre ae? in Cobh vend., 150, 1191 (1910); 152, 522 

(1911); Smits, A., and’Aten, A., Z.'Elektrochem., 16, 264 (1910). 3 st 
% Tian, A., Compt. rend., 152, 1483 (1911); 151, 1040 (1911). 

76 Dhar, N. R., Trans. Faraday Soc., 30, 142 (1934). 

- ™Coehn, A., Ber., 43, 880 (1910). : 
% Andrejeff, I., Z. Elektrochem., 19, 551 (1913). si, 

™Kernbaum, M., Compt. rend., 148, 705 (1909); 149, 116, 273 (1909). 
80 Thiele, H., Z. angew. Chem., 22, 2472 (1909). hs — 

*t Baker, H. B., and Carlton, M., J. Soc. Chem. Ind., 44, 1047 1925). a : 
_ 8 Kistiakowsky, G. B., J. Am. Chem, Soc., 52, 1868 (1930) ; Kistiakowsky, G. B., and Smith, H. A., 

Meabid., 57, 835 (1935). |” ? | 

THE FoRMATION AND DECOMPOSITION oF WATER 

Absorption. Water vapor commences to absorb light quite suddenly at about 
1800A.°8 Rathenau ® found predissociation bands between 1780 and 1540A and 

° Heidt, L. J., Kistiakowsky, G. B., and Forbes, G. S., J. Am. Chem. Soc., 55, 223 (1933). 8 Norrish, R. G. W., and Neville, G. H. J., Nature, 131, 544 (1933): J. Chem. Soc., 1864 (1934). ** Rollefson, G. K., and Byrns, A. C., J. Am. Chem. Soc., 56, 364 (1934). 
® Cremer, E., Z. physik. Chem., 128, 285 (1927). 4 °° Bowen, E. J., Moelwyn-Hughes, FE. A., and Hinshelwood, C. N., Proc. Roy. Soc., 134A, 211 (1931). _ % Bodenstein, M., and Schumacher, H. J., Z. physik. Chem., 5B, 233 (1929). 7 S[1830A in 17 mm. layers of liquid water, Kreusler, H., Ann. Physik, 6, 412 (1901)]; Leifson, . ae ihe Ne J., 63, 73 (1926); Goodeve, C. F., and Stein, N. O., Trans. Faraday Soc., 2; 193 931). 

' 
© Rathenau, G., Z. Physik, 87, 32 (1933). 
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q E: atom) was excited with vibrational energy up to 2 electron-volts. They 
eee umed that the combination of two hydroxyl radicals was a wall reaction. 
iso 

high pressures, the yield of water parallels that of hydrogen peroxide. A; loyal 
pressures, the yield of water also increases, although not at the expense of oz oul f 3 Ul rea 
peroxide. In a one to one oxygen-hydrogen mixture, the rates at which Pp wfiyanisht 87 studied the influence of temperature upon the reaction. Kistiakowsky 
excited oxygen atoms react with oxygen or hydrogen are nearly equal. The fol. Band the formation of water to be gt eatly increased at high temperatures. 
lowing system of partial reactions was suggested: q The Mercury-Sensitized Reaction. (See also page 257, chapter 16.) Marshall 88 

- estigated the mercury-sensitized reaction of hydrogen and oxygen. At 50°C., 
4nV (O+0:——> Os: Suh) "a fall in pressure of dried gas mixtures ranging in composition from 406 mm. 

1. Onehe--- OH +H (2) 4 Biogen and 148 mm. oxygen to 572 mm. hydrogen and 156 mm. oxygen, was 
H+0O.—— HO. ro (3) 1.7 mim. per minute. The pressure-time curves showed an initial break at a point 

OH + OH — H.:O: (4) - esponding with saturation of the gas with water-vapor, after which the curves 
HOz2 + HOz ——> H2O2 + Oz (5) ort linear. When oxygen was present in excess, the rate decreased rapidly as 
OH + HO. —— H:O + O: (6) we reaction proceeded. However, in the reaction of stoichiometric mixtures, the 

e remained constant. Marshall believed the true temperature coefficient to be 
It was believed that (2) did not occur readily, the hydrogen molecule showing an a ynity, but experimentally many corrections were necessary because the con- 
unexpected stability. However, the possibility that oxygen atoms might ‘Unite “ventration of mércury vapor varied.-with the temperature and because the quantum 
with hydrogen in three-body collisions with oxygen molecules appeared to 
dmissible, (2) and (3) ine togeth yield varied with temperature. For the formation of hydrogen peroxide, ‘the quan- 

admissible, an occurring together as , . 
be 
7 tum yield was found to be 2.5.88 At least 75 per cent of the total yield of products 

Goes —— Or was peroxide. The mechanism suggested involved the reactions, 
2 Pa cee 2s 7 ss 

Kistiakowsky and Smith believed, contrary to Ritchie,®* that reaction (1) has ap me is : ie. i en 

activation energy of zero. Nevertheless, the formation of ozone was also thought | HO. + He i ose ee 

to take place in triple collisions ) "a . ae eae ea - 

Ae 

O + O2 + Oz > Os + Os. 3 [ Marshall 89 later found the optimum mercury vapor pressure for the formation of 
hydrogen peroxide to be 0.005 mm. The greater rate of reaction in the presence of 
higher concentrations of mercury was offset by decomposition of the hydrogen per- 
oxide formed. The rate of the reaction probably varied as the first power of the 
light intensity. The maximum rate of formation of hydrogen peroxide was 2 gm. 
~ per hour. in | | 
_ Frankenburger and Klinkhardt,9° obtained somewhat different quantum yields 
at room temperature. The quantum yield for water was greater (1.5-2.5) and 
_ that for hydrogen peroxide lower’ (1-2). They objected to the mechanism pro- 
_ posed by Marshall for the formation of hydrogen peroxide (Reactions 2 and 3) on 
_ the ground that the reaction HO, + H, > H,O, + H is endothermic by 31 kcal. 
|. Barak and Taylor reported that this conclusion was based upon an unwarranted 
assumption, and stated that reactions 2 and 3 are together exothermic. Farkas 
_ and Sachsse 9! have shown that hydrogen atoms react with-O, molecules to produce 
_ HOs by three“body collisions. It is necessary to build up a mechanism of the type 
_ devised by Marshall if the quantum yield of hydrogen peroxide is really two or 
_ greater, since a chain mechanism is demanded. If, however, as Frankenburger 
found, the yield is lower, a chain mechanism is not necessary. Then, however, it 

_ would be necessary to account for the higher yields of water, assumed to be formed 

In later experiments (1935) it was possible to demonstrate the formation of 
hydrogen peroxide which had been missed in the earlier experiments (1930), even 
when wave-lengths of the band region (1854-1862A) were alone employed, the 

strong aluminum lines at 1720A being removed by an oxygen filter. The yield 
however, was only half that produced in the éxperiments with shorter wave-lengths, 
It appeared that one-half of the absorbed light of the longer wave-lengths forms 
ozone irrespective of the composition of the gases, the other half giving rise to the 
same sequence of reactions as occur under shorter wave-length illumination. To . 
explain this, the primary process was assumed to be the formation of excited oxy- 
gen molecules which react with oxygen molecules 84 to give ozone and atomic oxy- 
gen, but which suffer only elastic collisions with hydrogen. No attempt was made 
to determine the rate of water formatfon in this region. . 

Flory 8° suggests that in the band region predissociation of oxygen produces 
two normal state oxygen atoms, and that the differences in the reaction as con- 
ducted in the band and continuous regions are to be attributed to the different 
states of the oxygen atoms formed by predissociation and by dissociation. 

Neuimin and Popov °° also studied the reaction in the Schumann region, using 
hydrogen at.0.1 mm. pressure, and found quantum yields (for peroxide formation) _ x -: | 
of approximately 0.1. Their mechanism was similar to that subsequently given by | v, *' Miyanishi, M., Sci. Papers Inst. Phys. Chem. Research (Tokyo), 26, 70 (1935); Chem. Abs., 29, 

Kistiakowsky, except that they believed that in the reaction between excited oxy 4 q : el i'n PF Pade Chen, at ae Ades. Gone): Pastor, Ge S.. dnd” Marshall, -whn ie 
gen atoms and hydrogen molecules, the hydroxyl radical formed (along with a _ ‘Tbid., 29, 842, 1140 (1925). 7 | 

. 14 1 : _ , *®2This represented a correction of an earlier value of 6.6, in error because of the use of an 
: | 1 _ ‘Mmecorrect value for the transmission of the filter. — : 

84 See also Klemenc, A., and Patat, F.. Naturwiss., 18, 281 (1930). *° Marshall, A. L., J. Am. Chem. Soc., 49, 2763 (1927). 
8 Flory, P. J., J. Chem. Physics, 4, 23 (1936). ‘Tals ees a 4 ‘cB. ee pbureer, W., and Klinkhardt, H., Trans. Faraday Soc., 27, 431 (1931); Z. physik. Chem., 
86 Neuimin, H., and Popov, B., Z. physik.. Chem., 27B, 15 (1934). For more recent studies with : ’ (1932); see also Barak, M., and Taylor, H. S., Trans. Faraday Soc., 28, 569 (1932). 

the xenon lamp, see W. Groth and P. Harteck, Z. Elektrochem., 44, 621 (1938).-. } * Farkas, L., and Sachsse, H., Z. physik. Chem., 27B, 111 (1934). 

83 Ritchie, M., Proc. Roy. Soc., 146A, 848 . (1934). 
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| a ! Zz 0 that if the partial pressure of chlorine in the mixture is above a directly and not through hydrogen peroxide, by a chain mechanism, as one Propdc. ag stated a» caren eee 

by Bonhoeffer and Haber.®?. Frankenburger and Klinkhardt assumed the hyd 4 fain critical value (temperatures between 0° and . .) exp 
peroxide to be formed by the union of two OH radicals in a three-body j n glass to the light from a mercury vapor lamp will result in a practically 

COllision ire ntitative conversion of the hydrogen and oxygen Bates,9? suggested that the discrepancy between the results of F rankenburgey a a ae Re tpectin td priecneeetod chlorine! al rapid ath ‘between the ° 

; LC ql A 4 4 iDe eC 
) Pa 

o e . 
Klinkhardt and those of Marshall may be due to the fact that the former Workerg B wate and chlorine occurs, only a trace of water being formed. The limiting 

regsure 9 

used a light intensity a hundred-fold greater than that employed by Marshall. Bates 
| i _ a mechanism involved the reactions : 

His 

favored the Marshall mechanism. 
The amount of mercuric oxide formed in the course of the reaction may exal 

a considerable effect upon the rate and may influence the results. Noyes 4 foun 
no appreciable reaction between mercury and normal state oxygen atoms. Bri 
under conditions in which ozone may be formed, there is a reaction. Noyes aled 
suggested the possibility of the formation of a relatively unstable complex (between 
excited mercury atoms and oxygen )which may be converted into ozone on coll 
lision with oxygen molecules. Franck 9 finds that at pressures of oxygen helo, 
1 cm., the formation of mercuric oxide initiated by excited mercury atoms i. 
proportional to the incident intensity of the resonance line of mercury and to “tha 
number of damped collisions of mercury with. oxygen. Also, the formation of 
the oxide was said to be independent of the presence of shorter wave-lengths ip 
the incident radiation. At greater oxygen pressures, mercury oxide is formed 
when oxygen molecules alone are excited: by the lines 1860, 1935 and 19904. 
which produce ozone. Therefore, excited mercury is not necessary for the syne 
thesis of mercuric oxide in the presence of ozone.26- > ) 

The velocity of the photosensitized- reaction between hydrogen and oxygen js 
slightly higher than that between deuterium and oxygen, but the temperature coeff- 
cients of the two reactions seem to be identical.97 | ia 

The formation of water may also be sensitized by substances other than 
mercury. The formation of water during the combination of hydrogen and 
chlorine may be regarded asa reaction in which chlorine is the photosensitizer, 
In this reaction, Cremer * found the rate of formation of water to be propor- 
tional to the chlorine concentration. He suggested that an excited chlorine 
atom could pass its excitation energy over to an oxygen molecule, as could an 
excited Cl; molecule. The excited oxygen molecules might then react to form 
water by the process: O g*+2H,——2H.0O. Norrish 99 doubted this mechanis n, 
since he believed the low éxcitation energy of the metastable chlorine atom would 
be insufficient to activate the oxygen molecule sufficiently to enable the latter to 
react with hydrogen. He stated that the inhibiting effect of oxygen on the hydro- 

f chlorine increases rapidly as the lower temperatures are approached. 
J 

- was reported that the second of these reactions cannot occur soporte 

+ temperatures below 400°C. In answering certain objections of Semenoff,’ 

Norrish stated that for an explosion to occur, a small volume element of the mix- 

‘are must become heated to 600°C. 
ty. 

3 2200 —-2400 _ 2600 2800 3000 
gen-chlorine combination is due to the reaction of molecules of oxygen with hydro- _ ae : . 
een cen of the chain to form OH radicals. ae ater ean combine at oi errcure 112. Absorption by Hydrogen Peroxide (Urey, Dawsey, and Rice, Journal nary temperatures to hydrogen peroxide. He found the peroxide to be produced _ American Chemical Society). ++=vapor; o=solution. 
in appreciable quantities when mixtures of oxygen, hydrogen and chlorine at 
atmospheric pressure were irradiated with light from a mercury arc. Also, it 

aa 

4 Certain nitrogen compounds may also sensitize the reaction of hydrogen and 
“oxygen. Farkas, Haber and Harteck 1°" found small quantities of ammonia to_ 
increase the reaction velocity at temperatures between 120°C. and 420°C. with and 
without irradiation by a zinc spark.1% Taylor and Salley 1°* measured the tem- 

©? Bonhoeffer, K. F., and Haber, F., Z. physik. Chem., 137A, 263 (1928). 
8 Bates, J. R., J. Am. Chem. Soc., 55, 426 (1933); J. Chem. Physics, 1, 457 -(1933). ° 

°4 Noyes, W. A., Jr., J. Am. Chem. Soc., 49, 3104 (1927); Z. physik. Chem., 2B, 445 (1929). 

® Franck, J., Compt. rend. Acad. Sci. U:R.S.S., 4, 146° (1933); Brit. Chem. Abs., A, 263 (193-39 
Acta Physicochim. U.R.S.S., 1, 833 (1934); J. Phys. Chem. (U.S.S.R.), 5, 1013 (1934); Chem. ADs., 
29, 6507 (1935). RG ] a r 

6 It is also possible for the excited mercury atoms to produce some dissociation of water molecules, 
when and if present, into hydrogen atoms and normal’ state hydroxyl radicals. Senftlében, H., and 
Rehren, [., 2. Physik, 37, 529 (1926); Gaviola, E., Temas de quim., 2; 173 (1929); Chem. Abs., 24, 

10 Norrish, R. G. W., Nature, 127, 853 (1931); Proc. Roy. Soc., 135A, 334 (1932); Physik. Z. Sowj., 3, 225 (1933). 

| 1 Semenoff, N., Physik. Z. Sowj., 3, 225 (1933). 
1 Farkas, L., Haber, F., and Harteck, P., Naturwiss., 18, 266 (1930). 

18 See also Taylor, H. S., and Bates, J. R., Nature, 125, 599 (1930) for the formation of atomic 
hydrogen by the photodissociation of ammonia. i 
1% Taylor, H. S., and Salley, D. J., J..Am. Chem. Soc., 55, 96 (1933). 

2376 (1930). 

*7 Evans, M. G., J. Chem. Physics, 2, 726 (1934). . - _ 

% Cremer, E., Z. physik. Chem., 128, 285 (1927). , bier a 
9 Norrish, R. G. W., Trans. Faraday Soc., 27, 461 (1931). 
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perature coefficients of the mercury-sensitized and of the ammonia-s 
reactions at high temperatures. The results indicated that in the pre 
ammonia long reaction chains occur above 300°C, but that in the mercury. 
tized reaction lengthening of the chains occurs only above 490°C. The chaine 
be propagated by atomic hydrogen, amino-radicals, or intermédiate oxcal 
products. _ 

_ Nitrogen peroxide functions also in photochemical combination of hy dre 
and oxygen. On absorption of light the peroxide dissociates into NO onl 
which then start the reaction chain between hydrogen and oxygen.195 4 

The Decomposition of Hydrogen Peroxide. Urey, Dawsey and Rice 106 da 
mined the coefficients of absorption of hydrogen peroxide vapor at room a 
perature (Figure 112). The continuous nature of the curve indicates-a dissociag 
of the molecules. The peroxide molecule was regarded as formed of twolll 
radicals. From thermochemical data it did not appear possible to choose bet ’ 
the following methods of dissociation: (a) into 20H, (b) into H and HO 
(c) into H,O and O. The first possibility was favored since the emission “a 
trum of hydrogen peroxide, streamed rapidly through a cool discharge tube q 
predominantly that of OH. Since illumination of hydrogem peroxide vapor . 
the zinc spark lines (2025-2138A) caused the water bands (OH) to appear 
fluorescence, it was concluded that the following reaction must occur: G 

q OH and H, was considered to require an activation energy of not less than 
een This would keep the rate sufficiently small at temperatures below about 

“4 he predominant reaction 

ensit 

Seng, ca 

> go make t a OH +08 4M ---?) HsOs, + M. 

- consideration of the data obtained at various partial pressures and tem- 

ae a ‘¢ was believed that this last reaction ought to be excluded. Accordingly, 

is were regarded by v. Elbe as not sustaining the reaction scheme pro- 
the mercury-sensitized hydrogen-oxygen reaction by Frankenburger and 

Bart which involved the recombination of 20H to H,O02.44 : 

- Photo-Oxidation of Hydrogen Iodide. Bates and Lavin?! studied 

r ction at pressures of 50-100 mm. of hydrogen iodide and 150-500 mm. of 
4 . at O°C. Their results led to the conclusion that the quasi-molecule HO, 
Biave a life of 10-8 or 10-9 second, much longer than is usually assigned to 
4 complexes. Kondrat’ev, Kondrat’eva and Lauris “18 studied the effects of 
-adiating various mixtures of hydrogen iodide and oxygen both in Uviol appa- 
- transmitting only wave-lengths longer than 2800. and in a quartz apparatus. 
: arger proportion of the hydrogen iodide was oxidized under the latter conditions. 
4 explain the differente they assumed that in quartz along with the reaction 

a 0, —— HO, there occurs the reaction H+ O, ——? OH +O. Otherwise 
“2 results could be explained by assuming that the probability of occurrence of 
ne reaction H+ O,—— HO, increases with an increase in the kinetic energies of 

i , hydrogen atoms and oxygen molecules. 

} ©  Bodenstein and Schenk 14 pointed out that the results of Bates and Lavin 

nicht be explained equally well on the assumption that the reaction between H 
. 4 O, occurs as either two-body or three-body collisions. Kinetic studies by 

Cook and Bates 115 indicated the reaction to be of the latter type, the third body 
being chiefly either oxygen or hydrogen iodide molecules. The presence ot an 
inert gas such as nitrogen speeds up the reaction. In similar experiments, it was 

ywn that deuterium iodide is always more completely oxidized than is hydrogen 

~ Winther 146 studied the rate of oxidation of hydriodic acid in the light and in 
the dark in various solvents. 

" 

de 
on 

HsO2 + ip > OH CP) + OCS) 

For wave-lengths between 2200 and 3000A, there was favored the reaction 

H2O02 ss hy ware OH (?P12) + OH (?P3;2) . 

Sharma,1°7 however, states that reduction of cupric oxide on irradiation, 
an absorption tube with hydrogen peroxide indicates the formation of ator 
hydrogen (process b). “? 

A mixture of 1 per cent hydrogen peroxide in carbon monoxide when cite 
lated at 40° past a quartz window transmitting the wave-lengths 2070 and 253( 

When the carbon monoxide was replaced by hydrogen, water was formed, 
was assumed that there was a primary decomposition of the peroxide into tw 
hydroxyl radicals which then reacted slowly according to the mechanism pr 
posed by Bonhoeffer and Haber 199 and by Lavin and Jackson.110 4 PHOTOCHEMICAL REACTIONS OF THE OXIDES OF CHLORINE 

ar 

_ Chlorine Monoxide. Balard, the discoverer of chlorine monoxide, observed 
its decomposition in light into chlorine and oxygen.447 Bodenstein and Kistia- 

. . sky 48 found that one absorbed quantum (4050 or 4360A) caused the decom- 
Had the photodissociation of the peroxide yielded instead water and an oxyge ition of two molecules of the monoxide, whether the quantum was absorbed 
atom (process c), no interaction with hydrogen or carbon monoxide should ha’ by chlorine monoxide or by some chlorine also present. The reaction was unaf- 
been observed, since the oxygen atoms would be expected to react much fast = | 
with hydrogen peroxide than with hydrogen or carbon monoxide. The reactio 

OF '+)CO.i.=-* CO, + HH. 

tt Frankenburger, W., and Klinkhardt, H., Trans. Faraday Soc.,. 27, 431 (1931); Z. physik. Chem. 
ASB, 421 (1932). | 

é 7 ' #2 Bates, J. R., and Lavin, G. IL. J. Am. Chem. Soc., 55, 81 (1933). 105 Norrish, R. G. W., and Griffiths, J..G. A., Proc. Roy. Soc., 139A, 147 (1933); Miyanishi, os ia La ae ae : : iin . Sct. Papers Inst. Phys. Chem. Research (Tokyo), 27, 47 (1935); Chem. ” Abs., 29, 5351 (1935).0ue Chen ondtat ev, V., Kondrat’eva, E., and Lauris, A., J. Phys. Chem. (U.S.S.R.), 5, 1411 (1934); : x nem. Abs., 29, 7810 (1935). ea Urey, Hi ie ete lL. ig thar, oe oe ie se lee ey one tase See aa - 8 Bodenstein, M aa cue P. W., Z. physik. Chem., 20B, 420 (1933) | n,. W. C., ‘Slotin, L., an yle, D. W. G., Trans. Faraday Soc., 32, : o@ ee Tel BE ee r cy : ray 
107 Sh £8. , ; ite Ovi : ; _ Abs __, Cook, G. A., and Bates, J. R., J. Am. Chem. Soc., 57, 1775 (1935); see also Kistiakowsky, G. B., 29, re? (ions S., Proc. Acad. Sci. United Provinces Agra Oudh, India, 4, 51 (1934); Chai i “ad Smith, H. A., Ibid., 57, 835 (1935). ’ 

108 y, Elbe, G., J. Am. Chem. Soc., 54, 822 (1932); 55, 62 (1933). 

109 Bonhoeffer, K. F., and Haber, F., Z. physik. Chem., 137A, 263 (1928). 

110 Lavin, G. I., and Jackson, W. F.. J. Am. Chem. Soc., 53, 383, 3189 (1931). 

ni Winther, C., Z. physik. Chem., 113, 275 (1924); 3B, 299, 315 (1929); see also Plotnikow, L., 
pPid., M1, 171 (1924), 
_ “TBalard, A., Ann. Pharm., 14, 167, 298 (1835). ; . 

_ Bodenstein, M., and Kistiakowsky, G. B., Z. physik. Chem., 116, 371 (1925). 
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fected by the presence of air and the temperature coefficient was 1.09, 
amounts of chlorine dioxide were formed during the decomposition, Ss 
and Wagner 119 proposed a mechanism for the reaction in which C1O 
an intermediate product. ) 

The absorption spectrum of chlorine monoxide is continuous fro 
8500A, so that dissociation is implied. The extinction coefficients ha 
values in various wave-length regions. Attempts have been made to 
ferent dissociation processes to different wave-length regions.120 

Goodeve and Wallace considered three types of dissociation, yielding rea 
tively, Clp and O, ClO and Cl, and Cl, Cl and O. Finkelnburg, Schumacher a 
Stieger, however, disregard the first possibility and. believe that the absorp 
beginning at 6600A corresponds to the second of these possibilities of dissotignt 
the chlorine atom probably being excited. Maxima apparent at 5300 and at 4] Ay 
were attributed to the same dissociation products but in different states of ean 
tion. Both groups of workers attribute the maximum at 2560A to dissociation + 
an oxygen atom and two chlorine atoms. iq 

For the wave-lengths 436, 365 and 313 my, the rate of decomposition jg 9, 
portional to the amount of light absorbed, and therefore, independent ‘orm 
chlorine pressure and also of the Cl,O pressure until the latter falls p 
certain limit. Finkelnburg, Schumacher and Stieger found a higher value th. 
Bodenstein and Kistiakowsky for the quantum yield. It was about 3.5 and vali 
by only 10 per cent between the extreme wave-lengths. The temperature coeficier 
(1.1 in agreement with Bodenstein and Kistiakowsky), increases as the temper 
ture rises. The chain reaction observed was accounted for by the followi 
processes: | ig 

* resence of bromine as photosensitizer; under these conditions, the quantum 

a : sy | 
: ac Dioxide. Absorption bands of chlorine dioxide, beginning in 

Bric and violet regions °° and extending to about 2700A, exhibit rotational 
‘ “etructure only on the low-frequency side of 3750.16 At this point they 
e * to become diffuse because of predissociation. Schumacher believes a normal 
eg? n and ClO radical are produced and that at wave-lengths shorter than the 
xys© ence limit (2650A by extrapolation), the O atom is liberated in the 
cate (1D). Bowen reported the photodecomposition of the dioxide 1’ to 

cs chlorine, oxygen and Cl,O,. Spinks, who secured similar products,1?% 
and light in the blue and ultraviolet regions equally effective for photodecompo- 
Ba. Since chlorine dioxide does not absorb at 54604, this wave-length is 
effective photochemically, except in the presence of bromine when a sensitized 
action occurs with a quantum efficiency practically equal to that produced by 
p> 3650A line. ba) | | aoe ites 
Tn later studies,*? it was shown that in the presence of moisture the reaction 
< more regular than in the case of the dry gas. The quantum efficiencies for the 
noist gas are 3.7 at 3650A (predissociation region) and 3.1 at 4360A (excited 

nolecule region). No atomic chlorine is formed. For low concentrations of 
plorine dioxide the yield is independent of concentration and light intensity. In 
At eas at 17°, the pressure decreases as Cl,Og is formed and condenses on the 
walls.129 The reaction is sensitive to temperature changes. At 30°, the pressure 
increases owing to the decomposition of ClO, which yields chlorine and oxygen. 

in aqueous solutions, at concentrations of chlorine dioxide below 8 per cent, the 
C1LO'4 Fy +28 CHO CI 7 (1) | g rate of decomposition is proportional to the light intensity. In the solution there 
Cl+ CLO ——> Ck + ClO | (2) . can be detected hypochlorite, chlorate and perchlorate ions. 

ClO + CLO -—— Cle + O2 + Cl (3) 

’Ppearg 

M 2209 
Ve differ, 
aSSign d 

elow 

: . fi PHOTOCHEMICAL REACTIONS OF CARBON COMPOUNDS 
Other intermediate products were noted to be ClO, and a brown higher oxide. 
chlorine of unknown composition. A smaller quantum yield observed when ¢ 
reaction is conducted in solution in carbon tetrachloride 121 was explained } 
Finkelnburg, Schumacher and Stieger on the assumption that the recombinatic 

- reactions : a 

‘ _ Photolysis of Carbon Dioxide. A 15-mm. layer of carbon dioxide at atmos- 
sheric pressure exhibits a series of absorption bands beginning at about 1710A (or 

ewhat longer wave-lengths) ; these apparently are superposed upon a continuum, 
ibly indicative of dissociation into carbon monoxide and oxygen.!%! Chap- 

| , Chadwick and Ramsbottom 182 showed that after long intermittent illumina- 
ie l 4 ar bon dioxide at at heri d ed to the extent of Ob CIO ees CLO ‘ , dry carbon dioxide at atmospheric pressure was decomposed nt 

: ) , to 3 per cent. This decomposition was estimated by determining the ratio of 
on monoxide to carbon dioxide in the resulting gases. The oxygen was 

tially ozonized. When very carefully dried carbon dioxide was used, it was 
imed that as much as 46 per cent could be decomposed in 45 hours. No decom- 
tion whatever could be detected as a result of the irradiation of moist gas, 

occur so much more frequently in the solution than in the gaseous state that the 
compete effectively with reaction (2). a 

The use of shorter wave-lengths (2350-2750A) increases the quantum yiel 
to 4.5 at 20°C.122 The addition of hydrogen accelerates the decomposition, at leas 
up to the stage at which the secondary reaction, H.+Cl,—»2HCl, become 
prominent.1°3 Chlorine and oxygen are the main products. Hydrogen atoms af 
not as important as the ClO radical in continuing the chain, when the pressures ¢ 
Cl,O and H, are comparable. : ae 

The decomposition of chlorine monoxide can be effected by the 54604 in 

am Brown, A. G., and Spinks, 7. W. T., Canadian J. Research, 15B, 113 (1937). 
2 Mayer, H., Z. physik. Chem., 113, 220 (1924); Goodeve, C. F., and Stein, N._O., Trans. Fara- 
day Soc., 25, 738 (1929); Goodeve, C. F., and Wallace, J., Ibid., 26, 259 (1930); Ku, Z. W., Phys. 

—Kev., 44, 376 (1933). 

_ Urey, H. C., and Johnston, H., Phys. Rev., 38, 2131 (1931); Schumacher, H. J., and Finkeln- 
burg, W.. Z. physik. Chem. Bodenstein Band, 704 (1931). 
ae E. J., J. Chem. Soc., 123, 2328 (1923); Booth, H., and Bowen, E. J., J. Chem. Soc., 127, 
10 (1925). 
_ Spinks, J. W. T., J. Am. Chem. Soc., 54, 1689 (1932); 55, 428 (1933). 

| Spinks, J. W. -T., and Porter, J..M.. J. Am. Chem. Soc., 56, 264 (1934). | 
_ #29See also Bodenstein, M., Harteck, P., and Padelt, E., Z. anorg. Chem., 147, 233 (1925). 

 *1Leifson, S. W., Astrophys. J., 63, 82 (1926). 
eS Chapman, D. L., Chadwick, S., and Ramsbottom, J. E., J. Chem. Soc., 91, 942 (1907); 89 

M9 Schumacher, H. J., and Wagner, C., Z. physik. Chem., 5B, 199 (1929). 

"0 Goodeve, C. F., and Wallace, J., Trans, Faraday Soc., 26, 254 (1930); Finkelnburg, W., Seht 
macher, H. J., and Stieger, G., Z. physik. Chem., 15B, 127 (1931). aa 

121 Dickinson, R. G., and Jeffreys, C. E. P., J. Am. Chem. DOC, O2, 4288 (1930). 2 
. 122 Schumacher, H. J., and Townend, R. V., Z. physik. Chem., 20B, 375 (1933). | ae 

128 Tredale, T., and Edwards, T. G., J. Am. Chem. Soc., 59, 761 (1937). \ 
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The effect of water upon the reaction was verified by Coehn and cia 4 dried by short exposure to solid carbon dioxide and alcohol could not be 
: 

i. 

. re ie: heise 
The water underwent no change and neither formic acid nor formaldehydy qoded, but burned quietly. A gee sania had been re for a haat 
formed. It was also observed that the photolysis of dry carbon dioxide by +. 7 could not be ignited, although a pale bluish zone appeared around the spar 
tions shorter than 2540A occurs at a rate inversely proportional to the Dread 

A final stationary state is eventually reached. These authors claimed alsail 
some formaldehyde is produced during the irradiation of a mixture of equal vo} ‘ 
of carbon dioxide and hydrogen. | a 

More recently, Coehn and Spitta 184 confirmed and extended the observags, | 
on the effect of water upon photolysis of carbon dioxide. They concluded 4 
optimum decomposition at a pressure of 300 mm. occurs in the presence of a 
small proportion of water; the addition of larger quantities of moisture or ture 
drying was believed to reduce the decomposition. These conclusions were bal 
upon the observation that 1 per cent decomposition occurred in a sample drieq “a 
sulfuric acid, but that a gas which had been in prolonged contact with phosphor 

pentoxide was not altered on irradiation. Drying by liquid air reduced the deca 
position to 1 per cent but in this gas the addition of a very small quantity of mo; 
ture and subsequent ultraviolet irradiation produced a decomposition of 10,5 a 
cent. Coehn and May 1°5 have more recently confirmed the inability of ultravio] 
light to cause a decomposition in extremely dry carbon dioxide. The xenon lary 
decomposes carbon dioxide with a quantum yield of 0.98.136 3 a 

It has been stated by Zenghalis 187 that the reduction of carbon dioxide 
aqueous solution by very finely divided hydrogen takes place very slowly in th iy G0) == oF alow 
dark, but is markedly accelerated by sunlight and still more so by ultraviolet ray.  - . OH+CcOo— CcO.4+H 
In all cases the formaldehyde first produced undergoes polymerization.187 J i teh sO ee 

Carbon Monoxide. Although the band spectrum of this gas has been muy a | 
studied, its complexities are of little photochemical significance.138 A series 
bands extends from about 2064.5A to 920A. The absorption is but slight at way 
lengths longer than 1546A. No continuous region is recorded since the heat , 
dissociation into normal atoms is too great for this process to occur in any readj 
available spectral region.. There may be a predissociation limit at 1063A. He 
teck, Groth and Faltings 18° find irradiation with the line 1295A (but not wi 
1470A) leads to the formation of carbon dioxide and carbon suboxide. a 

Thiele 44° observed that carbon monoxide and oxygen unite less readily und 
ultraviolet irradiation than do hydrogen and oxygen. Coehn and Tramm! 
reported that the presence of moisture has no effect on union of carbon monoxid 
and oxygen. Exposure of moist and various dried mixtures to the radiatior 
from a quartz mercury arc led to practically the same result, combination occu 
ring to the extent of 4 or 5 per cent within an hour. There was, however, som 

effect of moisture upon the degree of explosibility of the gas mixtures when treate 

by a spark. A moist mixture could be exploded by a spark at any pressure. / 

y and slight combination was indicated by a small diminution in pressure. 

* increase in the temperature coefficient with temperature was observed by 
oe cowsky-22 This report and the fact that the gas mixture can be made to 
ae suggested to Jackson ‘** that chain reactions are set up. The lack of 
plo tion by carbon monoxide requires that the reaction produced by the 1720A 

= oup of aluminum be explained by a primary dissociation of oxygen mole- 
i al Since the yield of ozone was found to be about the same in mixtures of 
ss with either carbon monoxide or nitrogen, Jackson concluded that the 
Beency of the process O+CO-+CO, must be at least 150 times lower than 
' ¢ the reaction O+ O2 > O3. The activation energy of the first reaction is at 
- kcal. gréater than that of the latter, providing the steric factors influencing 
» efficiency of the collisions are the same in both cases. Harteck and Kopsch 144 

ive reported a. similar unreactivity of oxygen atoms (from a discharge tube) 
“ward carbon monoxide. | 
4 At high temperatures (500-550°C.), the dry oxidation of carbon monoxide is 
ractically independent of temperature and total pressure. When water is present, 

he tate depends on the total pressure and has a large temperature coefficient. In 
- presence of water, the following chain may be set up, according to Jackson, 

The last two reactions had been suggested by Farkas, Haber and Harteck 145 to 
xplain the photosensitizing action of ammonia in the oxidation of carbon monoxide. 

primary photodissociation of the ammonia produces NHy and a hydrogen 
a, the latter starting the last reaction. It has subsequently been found “by 

Jackson 14° that at high temperatures, hydrogen peroxide is also formed in the 
presence of moisture.147 | | 

Popov 148 studied the oxidation of carbon monoxide at pressures as low as 
,01-1.5 mm. of mercury and at temperatures up to 150°. He found the reaetion 

arbon monoxide and atomic oxygen to be heterogeneous and to have a very 
ll energy of activation. Contrary to the case of the oxidation of carbon mon- 
e by atomic oxygen obtained by means of a discharge, the efficiency of wall 
sions was found to be large. ‘This efficiency could be explained by assuming 
participation of metastable 1D oxygen atoms, which are obtained along with 
mal state atoms during the photodissociation of molecular oxygen. The reac- 
is then CO,as, + O’ CO, for the principal process. A correlation between 

constants for the kinetic expression for this reaction and the isotherm of the 
183 Coehn, A., and Sieper, G., Z. physik. Chem., 91, 347 (1916). adsorption of carbon monoxide on quartz could be shown. 
184 Coehn, A., and Spitta, T., Z. physik. Chem., 9B, 401 (1930). a 
185 Coehn, A., and May, B. W., Z. physik. Chem., 26B,°117 (1934). (. 
186 Groth, W., Z. physik. Chem., 37B, 307, 315 (1937). ? 78 Jackson, W. F., J. Am. Chem. Soc., 56, 2631 (1934). 
187 Zenghalis, C. D., Compt. rend., 171, 167 (1920); J. Soc. Chem. Ind.. 39, 596A (1920). __Harteck, P., and Kopsch, U., Z. physik. Chem., 12B, 327 (1931). . 1872 For the sensitized reaction between carbon dioxide and water, see Chapter 43. i ie L., Haber, F., and Harteck, P., Naturwiss., 18, 266 (1930); Z. Elektrochem., (36, 711 
188 Birge, R. T., and Hopfield, J. J., Phys. Rev., 29, 922 (1927); Leifson, S. W., Astrophys. J. § id 

82 (1926); Duffendack, O. S., and Fox, G. W., Nature, 118, 12 (1926); Johnson, R. C., Nature, 1h a jackson, W. F., J. Am. Chem. Soc., 57, 82 (1935). 
50 (1926); Coster, D., and Brons, F., Physica, 1, 155 (1934); Schmid, R., Physik. Z., 37, 55 (1938 it has recently been claimed that mae eter poskiiGn of an Be a a Hees not affect the ane a 139 Harteck, P. i 1 Iti | gap aera 621 (1938). a "€ reaction, although a carbon monoxide filter decreases it. iskin, M., Kondrat’ev, V., and Sushke- 

140 mead: H Pn er peg ei sere vation cea ae Mek — mitch, T., J. Phys. Chem. (U.S.S.R.), 8, 281 (1936); Chem. Abs., '31y 51297. (1937). : 
, 29 2 ° ) 9 . “us p ¥ enn to ui'Cochn, A.. dnd ‘Tram, H Ber: 54; 1948" (1921 _ fopoy, B., Acta Physicochim. U.R.S.S., 3, 223 (1935); Chem. Abs., 30, 2109 (1936). 
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The mercury-sensitized reaction between hydrogen and oxygen, in the Drege, 
of carbon monoxide, was studied by Barak and Taylor.1#® With equal concen 
tions of hydrogen and carbon monoxide, the former is oxidized five times as raps 
as the latter. When the hydrogen to carbon monoxide ratio was five to One 
per cent of the carbon monoxide formed formaldehyde. Reaction between } 4 
gen and carbon monoxide occurred at 18 per cent of the rate of that bety, 
hydrogen and oxygen in electrolytic gas. These results are consistent With 

«ad, is under certain conditions inhibited by oxygen and is to a high degree 
yn. Ee to the influence of traces of impurities which give rise to induction 
bye 6B 
Be nds.2° ney, : : 
Be ctails of the kinetics of this reaction were reported by Bodenstein.°’ The 

alts with various mixtures of carbon monoxide and chlorine were complicated 
or i considerable time considered to be affected by traces of moisture present. 

and aS established that oxygen retards the reaction until near completion of the 
It W initial exclusive formation of hydrogen peroxide and a chain reaction With It when its effect suddenly decreases. The oxygen is consumed by a chlorine- 

mean chain-length of approximately six. In similar work, Farkas and Sachsge1 latte? ed reaction in which carbon monoxide is oxidized to the dioxide. Carbon 
found hydrogen atoms to combine with carbon monoxide molecules in three4, sensitiz formation is proportional to the carbon monoxide pressure, increases 
collisions to yield HCO. If the back reaction takes place and 0.1 of the thee ee Ritine pressure, but more slowly than in direct proportion, ee decreases 
body collisions are effective in the formation of the radical, the ratio of formaty a ‘ncreasing oxygen concentration, but not so rapidly as to be inversely pro- 
to decomposition at room temperatures is 1/370. sortional to the latter. At room temperature, the rate of formation of phosgene 

‘as found to be proportional to the chlorine concentration, to the square root of 
is absorbed energy and to the square root of the carbon monoxide concentration. 

The temperature coefficient near room temperature is unity or slightly less. 
The 

Subsequent work by Bodenstein and Onoda1°® revealed that the order of 
reaction is different at temperatures between 200° and 300°C. The rate of for- 
mation of the phosgene is then directly proportional to the absorbed energy, and 

; _ ‘40 the concentrations of the reactants (chlorine and carbon monoxide). At these 
At higher oxygen pressures, the rate becomes independent of the oxygen presgy temperatures, furthermore, the retarding effect of oxygen is no longer observable. 
These authors suggested that the mechanism of this reaction is very similar to th Pat 300°C. no formation of carbon dioxide occurs in the presence of oxygen. 

ox the chlorine-sensitized reactioal “Between 270° and 300°C., the velocity coefficient is considerably influenced by 

hydrolysis of phosgene by water vapor, but at the higher temperatures all the 
water vapor appears to be removed in the early stages of the reaction. A poison- 
ing effect of small quantities of carbon dioxide in the reaction at ordinary tem- 

peratures was demonstrated by Cathala.°? The effect is diminished when wave- 
- Jengths shorter than 3500A are employed in the irradiation. 

As in the case of the hydrogen-bromine reaction, a mechanism to account for 
‘the kinetics of the reaction was developed by Bodenstein 16° by extending the 
mechanism used to account for the thermal reaction. The result was a succession 
of processes which involved excited chlorine and carbon monoxide molecules, as 
well as the chlorine atoms and triatomic chlorine molecules which are assumed 
to play a part in the thermal process. Although the introduction of a few assump- 
tions regarding the rate constants of the partial reactions permitted a fairly satis- 
factory derivation of an expression similar to the experimental rate expression, 
the Bodenstein formulation has since been superseded by others which avoid the 
assumption of excited chlorine molecules as the products of the primary process. 

The phosgene-sensitized oxidation of carbon monoxide by the unfiltered rai 
tions of the mercury arc has been investigated by Rollefson and Montgomery1 
They gave the rate expression for low oxygen pressures as j 

d(COz) 
i aa kv\/Io[COCle] [CO] [Oz] 

The latter is quite complicated, a thousand molecules of carbon dioxide D¢ 

quantum being formed in mixtures of a half atmosphere each of chlorine, carh 
monoxide and oxygen. In blue light at high pressures and in large vessels, ¢ 
rate of production of carbon dioxide is proportional to the chlorine concentratig 
and to the square root of that of carbon monoxide. For small pressures qj 
vessels with a large surface, it is proportional to the square root of the concentr 
tions of carbon monoxide and chlorine. | 

In the presence of nitric oxide, a small proportion of the carbon mono ic 

present is, on irradiation by ultraviolet rays, converted into carbon dioxide } 
interaction with oxygen liberated from the nitric oxide.8 

In the decomposition of carbon monoxide in the silent electric discharge 
brown solid not identical with polymerized carbon suboxide is formed.154 

| THE PHOTOCHEMISTRY OF PHOSGENE 

Formation of Phosgene. The formation of phosgene. from carbon mot 
oxide and chlorine, reported by Davy in 1812,1°5 is somewhat analogous to th 

combination of hydrogen and chlorine in that the reaction has a very high quat 

___ A primary photodissociation of chlorine molecules was made the first step in 
the formulation of Bodenstein, Lenher and Wagner 1°! which was based on an 
investigation of the reaction at low total pressures (below 40 mm.) and at ordi- 

149 Barak, M., and Taylor, H. S., Trans. Faraday Soc., 28, 569 (1932); for early observations $¢ aegehy. temperatures. The partial reactions proposed were the following : 
Herchefinkel, H., Compt. rend., 149, 395 (1909). See also page 257. 

150 Farkas, L., and Sachsse, H., Z. physik. Chem., 27B, 111 (1934). | 

151 Rollefson, G. K., and Montgomery, C. W., J. Am. Chem. Soc., 55, 4036 (1933). 

162 For a full discussion of the reaction schemes proposed for the latter, see Schumacher, H. J:, au 
Stieger, G., [Z. physik. Chem., 13B, 157 (1931)]; Warming, E., [Z. physik. Chem., 18B, ,153 (1932) 
Schumacher, H. J., [Z. physik. Chem.. 18B, 155 (1932)]; and Franke, W. K., and Schumacher, H. Js 
[Tbid., B40, 115 (1938)]. | 

158 Berthelot, D., and Gaudechon, H., Compt. rend., 157, 129 (1913). 

154 Crespi, M., and Lunt, R. W., J. Chem. Soc., 127, 2052 (1925); Lunt, -R. W., and Mumfot 
L. S., J. Chem. Soc., 1711 (1929). - } eT " 

155 Davy, H., Phil. Trans., 30, 144 (1812). 1’ ot 

%6 Chapman, D. L., and Gee, F. H., J. Chem. Soc., 99, 1726 (1911); Dyson, G., and Harden, A., 
J. Chem. Soc., 83, 201 (1903). For a general review, see Kistiakowsky, G. B., Z: angew. Chem., 44, 
602 (1931). Early kinetic measurements were reported by Wildermann, M., Phil. Trans., 199A, 337 
(1902); Z. physik. Chem., 42, 257 (1903). 
47 Bodenstein. M., Rec. trav. Chim., 41, 585 (1922). | 
#8 Bodenstein, M., and Onoda, T., Z. physik. Chem., 131, 153 (1928). 
%9Cathala, J., J. chim. phys., 24, 663 (1927). 

_ 48 Bodenstein, M., Sitzb. Preuss. Akad., 13, 104 (1926); Z. physik. Chem., 130, 422 (1927); Schu- 
Macher, H. J., Z. physik. Chem., 129, 241 (1927). 

161 Bodenstein, M., Lenher, S.. and Wagner, C., Z. physik. Chem., 3B, 459 (1929). 
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(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

The last two reactions were employed only to account for the inhibiting 
oxygen and the sensitized formation of carbon dioxide. 

supposed to be an equilibrium between the hypothetical COCl molecule 
decomposition products. The phosgene is formed only by the triple collisions | 
(4); it is to be noted that (4) is a chain reaction and accounts for the hie 
quantum yield. By making the formation of phosgene depend upon a reacts 

involving triple collisions, the slowness of reaction at low pressures could 

accounted for. In addition to processes (2) and (5), which represent remoyay « 
chlorine atoms in the gas phase, both COCI and Cl diffuse to the walls of 4 
vessel where recombination occurs. Processes involving water were not include 
since Schultze 162 found the previously much-discussed effect of traces of moistyy 
to be non-existent. By a treatment of these partial reactions in a manner analogoy, 
to that discussed in the section on hydrogen bromide, it can be shown that 4, 
rate constant is (as experimentally found) a function of the square root of 4 
intensity of the light. 

Lenher and Rollefson,1®3 however, objected to the assumption of an equilibriy 
between COCI and CO and Cl on the ground that the hypothetical intermediat 
should be expected to react with chlorine as well as with oxygen. They assume 
the phosgene to be formed by the process COCI+ Cl, —+COCI,+ Cl. Furthermor 
the formation of the intermediate was believed to occur through a triple collisior 
CO+CI+M-sCOCI, in which chlorine molecules may function as the ine 
molecule with a, relatively high efficiency. The rate of formation of phosger 
was believed to te so fast compared to the rate of decomposition of COC the 

be considered the determining factor in fixing the concentratic the former may 
of the intermediate. 

To account for the change in reaction order at 300°C. observed by Schu- 
macher,164 Lenher and Rollefson consider that the decomposition of COC] into C 
and CO is very rapid at this temperature. The equilibrium concentration of thi 
intermediate (COCI) is very small, under which condition the chain-breaking reac 
tions (6) and (7) have very small rates. The low steady state of COCI makes if 
necessary to assume for the formation of the phosgene reaction (4) of the Bodenstein 
Lenher and Wagner mechanism. At room temperatures, reaction (4) is sup 
posed to be subordinate to the process: COCI+ Clg —> COC, + CI. | 
peratures, chlorine atoms can only be removed by recombination at the wall or by 

Therefore 

Cle + hv ——> 2Cl 
CO) Qh a COG! 
COC > CO - Cl 
CO + Ck + Cl —> COCh +Cl 
COCcl+ Cl —— CO + Ch . 

CHO =b CO ere COs +L. 

collisions in the gas phase, rather than by combination with COCI. 

the concentration of chlorine atoms becomes sufficient to permit of the formatiot 

of phosgene by the Bodenstein reaction. | 

that at temperatures above 250°C. and also at room temperatures when the tota 

pressures were below one atmosphere or the vessels used had relatively larg 

162 Schultze, G., Z. physik. Chem., 5B, 368 (1929). 

168 Lenher, S., and Rollefson, G. K., J. Am. Chem. Soc., 52, 500 (1930). 

164 Schumacher, H. J., Z. physik. Chem., 129, 241 (1927). 

165 Schumacher, H. J., and Stieger, G., Z. physik. Chem., 13B, 157 (1931). 
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Schumacher and Stieger 1° showed 
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considerable portion of the chlorine atoms recombine on the walls of 
D yessel- The new mechanism is adequate to describe the rate of formation of 

a ene under these conditions. | 
Bs umacher,1°° as well as Warming,!®? however, defended the mechanism of 
: Erein, Lenher and Wagner. They believe the rate of formation of COCI 

ae je collisions to be reasonably fast at ordinary pressures and state that the 
- formation of this molecule is so low that the decomposition must proceed 

. a rapid rate. Rollefson *°° asserts that it is impossible for COCI to attain its 
a sfibrium concentration since other reactions, for example, between Cl. and COCI, 

4 ur t00 rapidly. The distinction is that in the Rollefson mechanism the COCI 
solecule may react either with chlorine or oxygen, the relative amounts of the 
i o being determined by the specific rate constants and the relative pressures of 
a gases. On the other hand, in the Bodenstein mechanism it was postulated that 
y the oxygen could react with the COC. The latter molecule was assumed to 
: tn equilibrium with its dissociation products in the absence of oxygen, but not 
, its presence. The relative amounts of carbon dioxide and phosgene formed 

will depend upon the manner in which the COCI molecules divide between the two 

saths open to them. Increase of the pressure of oxygen at a definite pressure of 

~plorine should cause a decrease in the amount of phosgene formed and prelimi- 
sary experiments appeared to indicate this to be the case. Rollefson © stated 
ater that the specific rates for the two reactions destroying COCI are of the 
came order of magnitude. The phosgene formation has a higher temperature 

coefficient and therefore higher energy of activation than that leading to the 
ation of carbon dioxide. The relative amounts of the two reactions is a 

function solely of the ratio of chlorine to oxygen at constant temperature. 
_ In a more recent paper, however, Rollefson 17 concludes that the active form 
of chlorine involved in the chain process is probably triatomic chlorine and believes 
the intermediate to be formed by 

faces: e 

— 

la 
“¥ 

- 

CO + Clee COC = Gh 
a: 

Recently, the reaction has been restudied by Bodenstein, Brenschede and 
Schumacher,!’? using very pure gases over a wide concentration range. The 

cury line 4358A was used for the reaction at 14-16°C., pressure measurements 
ng made with a quartz spiral manometer. Evidence was given to show that 

COC! rather than Cl, is the intermediate at chlorine pressures between 340 and 
180 mm. Below this and down to 15 mm., there was evidence for an additional 
chain-breaking mechanism H+COCl,—HC1+COCI1 on the wall, and another 
method of phosgene formation. Also,1"° they have investigated the induction and 
-alter-periods by a rotating sector method, and found the resulting rate changes 
‘im agreement with those calculated from their mechanism. If the gases were not 
tree from oxygen, the after-effects were five times as large. Oxygen inhibits the 

_ * Schumacher, H. j., J..dm. Chem. .Soc., 52, 3132° (1930). 
_ 1 Warming, E., Z. physik. Chem., 18B, 156 (1932). 

f ‘8 Rollefson, G. K., Trans. Faraday Soc., 27, 465 (1931). 

“4 Rollefson, G. K., J. Am. Chem. Soc., 55, 148 (1933). 
 Rollefson, G. K., J. Am. Chem. Soc.. 56, 579 (1934); see also Rollefson, G. K., and Eyring, H., 
Am. Chem. Soc., 54, 170 (1932); Rollefson, G. K., Z. physik. Chem., 37B, 472 (1937). 

a Y Cathala, J., J. chim. phys., 25, 182 (1928) had previously assumed the phosgene to be formed 
E Py the reaction: Cls + CO > COCI, + Cl. : 
7 es M., Brenschede, W., and Schumacher, H., Z. physik. Chem., 28B, 81 (1935); 40B, 

ee Bodenstein, M., Brenschede. W., and Schumacher, H. J., Z. physik. Chem., 35B, 382 (1937); 
| pee also Taylor, H. S., J. Phys. Chem., 42, 789 (1938). 
a ‘E ‘ 
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stationary formation of phosgene, but does not affect the equilibrium: Coc] — 
+Cl. This indicates the possible presence of an oxygen-containing ; “a 
compound with a longer life than either Cl or COCL. 

The photochemical formation of phosgene from chloroform and oxygen (x 
sitized by chlorine) has been found to occur by Schumacher and Wolff.174 a 
following mechanism is proposed: 7 

ntermedi, 

4 , feo kcal. The use of the entire mercury are spectrum increased the decom- 

rar ly 

nm to 2.19 to 8.65 per cent. Under these conditions the decomposition was 

doubled at 160°C. Rollefson and Montgomery,1S4 found that in the pres- 
2 of oxygen, the rate of formation of carbon dioxide was directly proportional | 
nce hosgene concentration and to the incident light intensity at either 20°, 90° 
Be 0°C. At higher oxygen pressures, the rate was independent of the oxygen 
q BF tration, but at lower pressures it gradually fell off with decreasing oxygen, 

(1) Cle + hy ——> 2Cl i. rate being a function of the chlorine-oxygen ratio rather than of the oxygen 
(2) Cl CHCl. > sa + Gl ; a centration itself. They derived the rate law 
(3) CCl; + O2 —— CC1:02 wet 

d(COs) — klo(COCl) 
at : (=) 

ae Care inka; 
The last compound forms phosgene and also breaks the chains. The quanty, 
yield at 65° and a chloroform pressure of 100 mm. is 260 moles per einstein. > 
chain-breaking process can be neither a three-body collision nor diffusion to i 
walls since the rate is independent of the pressure. It is proportional to q om the following series of reactions. 

absorbed light and to the square root of the chloroform concentration. The tel os . 
perature coefficient is 1.23. The reaction is not influenced by hydrogen chlorig - ms ea ae lta eae : or phosgene. It is almost completely inhibited by alcohols or ammonia, thes (3) COCl + CIO roe CO 4Chsc 
substances being chlorinated and then decomposing. Completely chlorinated sil (4) COCL ape ls COCL + Cl 
stances do not inhibit the reaction.17 q (5) Cl4M aie 1/2Cle + M 

Decomposition of Phosgene. Absorption data by Henri and Howel1 (6) Gl eb ce 
indicated a region of absorption bands of phosgene to begin at 3041A. The banc 
become diffuse at 2750A and extend to 2380A beyond which the absorption become 
continuous. When phosgene is heated to 100-200°C., an additional continuo 
spectrum overlays the bands. | 

Weigert 177 found irradiation of phosgene at 500°C. caused no displacemer 
from the thermal equilibrium ratio of the gas and its decomposition products, an 
in this Bodenstein and Onoda 178 concur. At the ordinary temperatures, phosgen 
passed through a quartz tube at the rate of 1 cc. per minute, was decomposed ¢ 
the extent of 3.3 to 4 per cent.1% In a Uviol tube permeable only to radiation 
of wave-length longer than 2650A, the decomposition reached only 0.46-0.5 pe 
cent. In ordinary glass tubes there was no decomposition. In each case th 
equilibrium could be approached from either side. | 

Almasy and Wagner-Jauregg 18° studied the decomposition of phosgene at 

om the derivation it is apparent that the value of k’ in the rate equation expressed 

. relative reactivity of the COCI molecule with chlorine and with oxygen.’ The 
average quantum yield of the decomposition was found to be 1.8. For the phosgene- 
eensitized oxidation of carbon monoxide they found quantum yields of 90 to 110, 
Jower than those of others cited in the discussion of that reaction.1®? 
- The exposure of mixtures of phosgene and hydrogen to ultraviolet radiation 

results in a much greater decomposition, up to 97 per cent, since liberated chlorine 
y combine with the hydrogen to form hydrogen chloride. Bredig and von Gold- 
ger 1883 failed in attempts to obtain formaldehyde according to the reaction: 
Cl, + 2H, > CH,O+2HCI. At 10°C., minute traces were obtained, but there 
s none at all at 80°C. The walls of the reaction vessel were observed to be 

‘coated with a white to brown deposit. . 7 
Montgomery and Rollefson 18* found the initial rate of the decomposition in 
the presence of hydrogen to be rather insensitive to a tenfold variation in the 
“pressure of the latter gas, although the initial rate showed a slight increase as 
th hydrogen pressure was increased. With increase in the phosgene pressure, 
the rate had an upward trend but appeared to approach a limiting value at high 
phosgene pressures. By plotting the initial rates against the calculated percentage 
Of absorption of the 2537A line (the most intense line beyond the predissociation 
limit) a straight line was obtained, indicating the rate to be a function of the first 
power of the absorbed light, as well as of the incident intensity. There was, how- 
ever, a deviation from a simple first order law, since the rate of change of the 
logarithm of the phosgene concentration did not remain constant with time. In 
seeking the cause of this deviation, it was found that the rate is inversely propor- 
tional to, or at least involves a term which is inversely proportional to, the total 

uot 

300 mm. pressure at both 20° and 160°C. in a quartz vessel surrounded by | 
mercury arc lamp. For isolating the region of bands a filter of 5 per cent benzene 
in hexane was used. To eliminate the effect of absorption by the liberate 
chlorine, the quartz vessel was surrounded by a chlorine filter. The contents o 
the vessel after irradiation were analyzed by freezing out the chlorine and phos 
gene and following the pressure change, or by titrating the chlorine and phosgene 
The absorption of radiations in the region of sharp bands produced a decompo- 
sition to the extent of 0.25 to 1.75 per cent depending on the intensity of the ligh 
and the pressure of the phosgene. The decomposition was not increased at 160°C. 
It was assumed to be due to some process of predissociation and required no more 

174 Schumacher, H. J., and Wolff, K., Z. physik. Chem., 16B, 453 (1934). 

1% Schumacher, H. J., and Sundhoff, D., Z. physik. Chem., 34B, 300 (1936). 
176 Henri, V., and Howell, O. R., Proc. Roy. Soc., 128, 192 (1930). 

177 Weigert, F., Ann. Physik, 24, 55 (1907). 

178 Bodenstein, M., and Onoda, T., Z. physik. Chem., 131, 153 (1928). 

- 17 Coehn, A., and Becker, H., Ber., 43, 130 (1910). 

ed pte: F., and Wagner-Jauregg, T., Naturwiss., 19, 270 (1931); Z. physik. Chem., 19B, 405 
(1932). 

_ *'Rollefson, G. K., and Montgomery, C. W., J. Am. Chem. Soc., 55, 142 (1933). 
_ * Montgomery, C. W., ‘and Rollefson, G. K., J. Am. Chem. Soc., 55, 4025 (1933). 

_ ™8Bredig, G., and v. Goldberger, A., Z. physik. Chem., 110, 521 (1924). 
_ **Montgomery, C. W., and Rollefson, G. K., J. Am. Chem. Soc., 55, 4030 (1933). 

= 
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pressure as varied by the addition of carbon dioxide or nitrogen. This eff q a: Jess than 100°C., neither excited bromine molecules nor bromine atoms react 

more pronounced when carbon monoxide was the added gas, in which casell x ia carbon monoxide to form bromophosgene. Furthermore, when mixtures of 

was some evidence that the carbon monoxide concentration enters the tate + 
explicitly. It appeared likely that the deviation from first order may depen a ‘a 
the ratio of added hydrogen to added carbon monoxide when both are added Up 

From the reaction mechanism . 

phosgene and bromine were irradiated with light in the absorption band 
pom oP of bromine, no pressure change was noted. When irradiated in its own 

ion region (3200-2100A) bromophosgene is, however, decomposed with a 
D ee yield of unity. The reaction is of zero order and non-absorbing foreign 
fs do not affect the rate. The temperature coefficient is one for 10° between 

(1) COCl. + hy ——> COCI + Cl Be ond 40°C. 
(2) Cl+ H.——> HCI+H a a reaction between carbon monoxide and fluorine could be detected when a 
. a COCk -—> CO + C1+ HCl Bt ure of these gases was irradiated in a quartz tube by ultraviolet rays.15® 

+M+Cl ——> COCI+M . 

(5) 2COCl ——>.COCI, + CO Tue PHoTrocHEMIstRy oF NirroGEN CoMPOUNDS 

it was possible to derive the rate equation 

a(CO) _ euial IF ke (He) 
Pee Lae ae | 

The absorption by nitrogen has been studied by Birge and Hopfield 189 and 

a Sponer.1°° The spectrum consists of a system of bands beginning at 1450A 

wad extending to 1227A. Excited molecules are formed. No photochemical reac- 

Eas which can be attributed to this absorption are known as yet. 

% Ammonia. The ultraviolet absorption of this gas is limited to the region 

af wave-lengths shorter than about 2200A or 2400A. Between this limit and 1860A 

.. q region of absorption with a maximum at 1910-1935A.1%% This region com- 

which seemed in agreement with the experimental facts. The second term ma . 
its largest contribution to the rate at the start of the reaction, and the firgt ae 
or three values of the divergence from a first order reaction are always lap 
than succeeding values. It also appeared that the quantum yield was 3.7 at t 
minutes, decreasing to 2.4 at eight minutes. The concentration of M (any THe 
cule capable of taking up the excess energy of COCI and so stabilizing it) a 
assumed equal to the total pressure. This would be the case if all kinds of mok 
cules present are equally capable of acting in this way, even though cai 
monoxide may have a more pronounced effect than nitrogen. The absence | 
formaldehyde formation was attributed to the non-reactivity of COC] towat 
hydrogen. This non-reactivity is believed to cause an increase in the concentr 

_tion of COCI so that reaction (5) becomes the chain-terminating process. j 
Kassel 185 found an error in the derivation of the rate law in that the rate, 

production of CO in (5) was erroneously taken as equal to the rate of consum 
tion of COCI in this step. If this is corrected, the 1 within the bracket of th 
final rate equation drops out and agreement with experiment is lost. Kassel sue 
gested the mechanism: ~~ 

arises a series of diffuse predissociation bands, the investigation of which by 

Bonhoeffer and Farkas 19? gave the first indication that predissociation in general 

lies a spontaneous decomposition. These workers were unable to observe 

rescence of light absorbed in this region, showing that the molecules excited 

absorption did not persist long enough to emit energy spontaneously. By the 
of the para-hydrogen method, Geib and Harteck 19° subsequently proved the 

sence of atomic hydrogen in ammonia which has absorbed radiations within 
5 region.19* The primary process appears to be a dissociation into NH, and H; 

ombination is rapid, and the concentration of hydrogen atoms is very small. 

rther spectroscopic evidence for this interpretation was found in the measure- 

ments and analysis by Dixon1® of 16 strong bands between 1900 and 2400A. 

can 196 has shown that the diffuse predissociation bands continue to 1665A, 
sx which they become sharp and show rotational fine structure. True con- 

tinuous absorption does not appear until about 1200A. At 1150A and below, the 
ontinuous absorption becomes so strong that the superposed sharp bands can no 

(3a) <> .4i4+-COCL ———= FCG +.Ccodi ger be measured accurately; the latter continue, however, at least down to 
(5a) 2COCl ——> 2C0 +:Cl 1085A. Electron impact studies of ammonia at electron accelerations correspond- — 

(7) COG + Ch ==> COCh+ Gl ing to wave-lengths within this very short wave-length region have been reported 
(8) COCI + He ——~> CO + HC1 + H. by Waldie,49* Bartlett,198 and McLennan and Greenwood 1% but are of little 

48 Humiston, B., J. Phys. Chem., 23, 572 (1919); Chem. Abs., 14, 534 (1920). 

ss: R. T., and Hopfield, J. J., Astrophys. J., 68, 257 (1928); Hopfield, J. J., Phys. Rev., 36, 

0 Sponer, H., Proc. Nat. Acad. Sci., 13, 100 (1927); Z. Physik, 41, 611 (1927). 

_ 11 Landsberg, G., and Predwoditeleff, A., Z. Physik, 31, 544 (1925). 

1 Bonhoeffer, K. F., and Farkas, L., Z. physik. Chem., 134, 337 (1928). 

8 Geib, K. H., and Harteck, P., Z. physik. Chem. Bodenstein Band, 861 (1931). 
__*% Ammonia is also known to sensitize reactions in which atomic hydrogen is required. Farkas, L., 
Haber, F., and Harteck, P., Naturwiss., 12, 267 (1930); Taylor, H. S., and Emeléus, H. J., J. Am. 
Chem. Soc., 53, 562 (1931). 
_ 4 Dixon, J. K., Phys. Rev., 43, 711 (1933). 
Duncan, A. B. F., Phys. Rev., 47, 822 (1935). 
*™Waldie, A. T., J. Frank. Inst., 200, 507 (1925). 

_ Bartlett, J. H., Jr., Phys. Rev., 33, 169 (1928). 
McLennan, J. C., and Greenwood, G., Proc. Roy. Soc., 120A, 283 (1928). 

This leads to the rate equation 

d(CO) _—2ansko( He) = +. es\/Tan s/s (Hs) 
dt ba(Hs) + F.(CO)(M) Manel bee te) 

Some work has been done on the photochemistry of bromophosgene. Trautz ?* 
had stated that the bromo compound could be formed photochemically. How 
ever, Schumacher and Bergmann,!87 who irradiated mixtures of carbon monoxide 
and bromine with different portions of the spectrum, concluded that at tempera: 

185 Kassel, L. 8., J. Am. Chem. .Soc., 56, 243. (1934). 

186 Trautz, M., Z. Elekirochem., 21, 329 (1915). 

187 Schumacher, H. J., and Bergmann, P., Z. physik. Chem., 13B, 269 (1931). 
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iam yield to 0.69, so that the yield appears to be higher in the region 1900- 
ua = The xenon lamp, however, gives a quantum yield of but 0.17,710 
NUL» , to the work of Bonhoeffer and Farkas on the nature of the predissociation 
per° evidence was advanced by both Dickinson and Mitchell?! and Taylor 

ates 212 that was difficult to reconcile with the simple excited molecule 
nc 

significance for the photochemistry of ammonia. Experiments on the decomp. 
sition of ammonia in discharge tubes 2° have also been indicative of the formal 

of atomic hydrogen and of some compound of hydrogen and nitrogen, NHe gg Nr 

Chemical evidence for the decomposition of ammonia by ultraviolet light y. 
first advanced by Regener 2°! and by Berthelot’ and Gaudechon.?02 Coehn an ; : ne ? mposition mixture contained Prigent 2°° were unable to demonstrate a stationary state. Instead the decom, jechanisms. TL sie mbit a Sei pra ae eintck? (act ted 

position appeared to go to completion within six hours. The ammonia wags Seale, ore ee Se eee Se eo iidivainedciedie fh etniee uae 
in quartz tubes and irradiated with a quartz mercury arc. No ammonia could 4. elation. > 7 ; : : ; : : T : ; ted ammonia molecules might demonstrated in a mixture of nitrogen and hydrogen, with or without chlorine .. hydrazine. Bates and Taylor suggested that excite & 

‘her react with normal molecules to produce hydrazine and ammonia or that 
“oy might spontaneously yield atomic hydrogen and NH,’ radicals, the latter 
~, forming hydrazine and atomic hydrogen by reaction with ammonia, or 
Borming ammonia and atomic hydrogen by reacting with hydrogen molecules. 
; At present, the NH. molecules, which are responsible for the formation ‘of 

ydrazine, are regarded as arising from the predissociation of ammonia. Not 
Buch hydrazine is formed when ammonia is irradiated at room temperatures. x 

sensitizer, after irradiation with a quartz mercury arc. Noyes 294 hag found 
ammonia to be formed in small amounts when a mixture of nitrogen, hydroge 
and mercury vapor is exposed at the boiling point of mercury to light from . 
quartz mercury arc. . Only traces of hydrazine could be detected. The Teaction 

_ has been attributed to the dissociation of hydrogen by the excited mercury atom 20; 
The quantum yield of the decomposition of ammonia at room temperature 4 

wave-lengths 2025 to 2041A was found by Warburg 29% to be 0.23-0.25. The ra 
of the decomposition was not affected by the addition of the decomposition Products 
even when so much of these were added as to make the ammonia but 5 per cent 
of the gas mixture. Kuhn 2°7 found the rate proportional to the incident ligh 
intensity, and verified the observation that the quantum yield was independent ¢ 
the ammonia pressure. The value of the yield was, however, 0.45, nearly twica 
that of Warburg. The yield could, however, be decreased to 0.10 by using ligh 
of only two spectral lines, 2063 and 2100A. At high temperatures (500°C.) th 
speed of decomposition was nine times as great as at 20°C. The quantum yiel 
increased by about 50 per cent for every 100° increase in temperature, reachin: 
3.3 at 500°. At this temperature the rate of decomposition could be retarded py 
the addition of hydrogen, although nitrogen had no effect. | 4 

In a repetition of these experiments, Wiig and Kistiakowsky 298 verified the 
Warburg values for the quantum yield at room temperature, 0.23, zinc spark, meat 
wave-length, 2090A, 0.24, aluminum spark, mean wave-length, 1962A, 0.25, cad 
mium spark, mean wave-length, 2144A. At 500°C. the quantum yield increased 
only to 0.48. They were inclined to attribute Kuhn’s high value at 500°C. and — 
his observation of a decrease in quantum yield when the monochromatic nat re 
of the light was increased, to experimental error. They found further that the 

tC 

fl 

Wiig and Kistiakowsky even found the composition of the resulting gases to be 
fie same as that formed in the thermal decomposition, that is, close tora. cbs 

nitrogen: hydrogen ratio. Koenig and Brings me studied the formation of hydra- 
yinc at temperatures of —80°C. in the glow discharge, but found that the yield, 
referred to the electrical energy consumed, was smaller than that with flowing 
vas at room temperature. Irradiation by the zinc spark caused not only formation 

but also decomposition of hydrazine, so that only traces could be obtained. They 
believed hydrazine to be formed in larger amount by the reaction NH,;+NH 
_>NoH, than by direct combination of two NHg, radicals. Gedye and Rideal 214 
claimed the yield could be increased by employing low temperatures, a high rate of 
‘eas flow and rapid cooling of the gaseous decomposition products. Under the best 
conditions and using the entire mercury arc spectrum, the yield of hydrazine was 
said to amount to 50 per cent of the ammonia decomposed. 
_ Wiig and Kistiakowsky discounted the dissociation of ammonia into NH and Hp, 

since such dissociation did not lead to a mechanism in agreement with the experi- 
‘mental results.245 Nor did they believe their failure to observe hydrazine in the 
‘ammonia decomposition could be ascribed to its simultaneous photochemical decom- 
position.2452 They considered the likelihood of occurrence of each of the following 
secondary reactions. 

quantum yield is independent of the ammonia pressure over the range 1 to 80( (1) H+H+M—~> H:+M 
mm. Also the quantum yield was not affected by seven-fold variations in the (2) nee - onan ei intensity of the radiation or of seventeen-fold variations in the extent to whict yi ae Ey. asin NH ‘ a He decomposition had occurred when the data were taken for the computations. ; (5) NH, 4+ NH.+M hig NH. + M 

The use of radiations transmitted by fluorite but not by quartz increases the (6) NH. + NH. —— Ne+2He 
200 Hutchinson, W. K., and Hinshelwood, Cc. N., Proc. Roy. Soc., 117A, 131 (1927); Lavin, Gog (7) NeHs + H ——> N2Hs + Ha and Bates, J. R., Nature, 125, 709 (1930). 4 (8) ~ NeHs + NeHs ——> 2NH; + Ne 201 Regener, E., Preuss. Akad., 1228 (1904). 

*0? Berthelot, D., and Gaudechon, H., Compt. rend., 150, 1169, 1327, 1517, 1690 (1910); dom 207 
(1912); 156, 124 (1913). 

208 Coehn, A., and Prigent, G., Z. Elektrochem., 20, 275 (1914). 
204 Noyes, W. A., Jr., J. Am. Chem. Soc., 47, 1003 (1925). ‘ 
205 For the synthesis of ammonia in an arc, see Storch, H. H., and Olson, A. R., J. Am. Chem. Sot. 

45, 1605 (1923); Olson, A. R., Ibid., 48, 1298 (1926); Mochan, I., Roginskii, S., Fedorov, F., and 
Shekhter, A., Compt. rend. acad. sci. (U.R.S.S.), 2, 365 (1934); Chem. Abs., 28, 5339 (1934). 

206 Warburg, E., Sitgb. Preuss. Akad., 746 (1911); 216 (1912) ; 872 (1914). 
°07 Kuhn, W., Compt. rend., 178 (1924); 177, 956 (1923); J. chim. phys., 23, 521 (1926). 
208 Wiig, E. O., and Kistiakowsky, G. B., J. Am. Chem. Soc., 54, 1806 (1932). 

 *% Kassel, L. S.. and Noyes, W. A., Jr., J. Am. Chem. Soc., 49, 2495 (1927). 
70 Groth, W., Z. physik. Chem., 37B, 307 (1937). 

2 Dickinson, R. G., and Mitchell, A. G., Proc. Nat. Acad. Sci., 12, 692 (1926); J. Am. Chem. Soc. 
49, 1478 (1927). | 
*2 Taylor, H. S., and Bates, J. R., Proc. Nat. Acad. Sci., 12, 714 (1926). 
3 Koenig, A., and Brings, T., Z. physik. Chem., Bodenstein-Band, 541 (1931). 
714 Gedye, G. R., and Rideal, E. K., J. Chem. Soc., 1160 (1932). | 

—*® Wiig, E. O., and Kistiakowsky, G. B., J. Am. Chem. Soc., 54, 1817 (1932). 
—*lb. See in this connection, the discussion of the photochemical decomposition of hydrazine. 
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Triple collisions are probably not necessary in reactions (2) and (5).216 . 

temperature, (3) may be neglected as it implies a retardation of the rate of é “09 
position by hydrogen, an effect observable only at high temperatures. Ag, q _ 
to Boehm and Bonhoeffer,217 (4) occurs extremely slowly. It may he thei 
increase in the quantum yield at high temperatures can be accounted fo; a q mona 
reaction, and that (3) also becomes effective under these conditions. Reactjo 4 a q Wiig 

and (8) were set up to explain the absence of more than traces of hydrazine | \ 

L ine assumed the reactions H + NosH,— NH; + NH» and 2NH, + NoH, 

¥ * +No+Hy. The former was regarded as the more probable.222, The 

° f hydrazine was regarded as a photochemical process sensitized by 
pomposition © 

223 finds that as the ammonia pressure is increased from zero the quantum 

\¢ veld at 100A rises from about 0.1 to a maximum of about 0.3 at 65 to 120 mm. 

‘reaction at ordinary temperatures involves, according to Wiig and Kistiako, ; pegsure and then gradually falls off to about 0.18 at 840 mm. The average value 
Wsk y apout that of Warburg, 0.25. The results agree with those of Ogg, Leighton 

yy Bergstrom. It was also observed 224 that the values depend to some extent 

5 n the size of the reaction cell, decreasing in a cell of larger diameter. The 
Bion appears to become heterogeneous at ammonia pressures less than about 

Eo mm. and may be partly heterogeneous at higher pressures. Welge and Beck- 

Bn 995 detected the formation of hydrazine during the early stages of the reaction. 

Fhe non-condensible portions of the gases had higher proportions of hydrogen than 

75, per cent. At this early stage of decomposition, effected’ by the 1990A line, the 

quantum yields averaged 0.87 and appeared to approach unity as a limit. The 

nigh quantum yields made it seem that recombination of the primarily formed 

NH» and H is not as important as had formerly appeared to be the case. A small 

mount of hydrazine may, however, be decomposed by hydrogen atoms with the 

frmation of ammonia and nitrogen. The effect of the latter reaction becomes 
more exaggerated as the reaction proceeds. 

During the early period of the investigation of the reaction of ammonia on 

‘radiation considerable light was thrown upon it by studies on the mercury- 

eensitized reaction.226 It was, for example, in the case of the mercury-sensitized 

action that Taylor and Bates 227 observed the reaction products to contain 89. 

cent of hydrogen and 11 per cent of nitrogen, a circumstance which led to the 

development of mechanisms permitting the formation of hydrazine. Dickinson 

and Mitchell,?28 who obtained 70 mole per cent of hydrogen, found the presence 

of argon and nitrogen at 0.3 mm. pressure had little effect on the reaction rate. 

On the other hand, hydrogen at 0.3 mm. and lower pressures had a large inhibiting 

effect, which increased with increasing ammonia pressures. Melville 7°? ‘observed 

that in the presence of mercury vapor and hydrogen, the decomposition was less 

rapid when the ammonia was irradiated simultaneously by a mercury arc and a 

zinc spark than when irradiated by the zinc spark alone. The mercury resonance 

line dissociates the hydrogen. The resulting hydrogen atoms were believed to 

recombine with the NH, groups (formed by the predissociation of the ammonia 

by the zinc lines) more rapidly owing to the higher partial pressure of hydrogen 

atoms under these conditions. Gedye and Rideal 28° found but little hydrazine 

produced in the mercury-sensitized reaction. The following mechanism is pro- 

posed by Welge and Beckman.?#1 

 28See Dixon, J. K., J. Am. Chem. Soc., 54, 4262 (1932), and Wenner, R. R., and Beckman, A. O., 
B Ibid., 54, 2787 (1932). | 

» 8 Wiig, E. O., J. Am. Chem. Soc., 57, 1559 (1935). 

 %4 Wiig, E. O., J. Am. Chem. Soc., 59, 827 (1937). 

_ * Welge, H. J., and Beckman, A. O., J. Am. Chem. Soc., 58, 2462 (1936). 

- 26 Dickinson, R. G., and Mitchell, A. G., Proc. Nat. Acad. Sct., 12, 692 (1926). 

2 Taylor, H. S., and Bates, J. R., Proc. Nat. Acad. Sct., 12, 714 (1926). 

88 Dickinson, R. G., and Mitchell, A..C. G., J. Am. Chem. Soc., 49, 1478 (1927). 

Melville, H. W., Trans. Faraday Soc., 28, 885 (1932). 

20 Gedye, G. R., and Rideal, E. K., J. Chem. Soc., 1160 (1932). 

1 Welge, H. J., and Beckman, A. O., J. Am. Chem. Soc., 58, 2462 (1936). 

reactions (1), (2), (5) and (7). The quantum yield on these assumptions would) 
a 

determined by the ratio ke /kyks, this fraction being required to have a value of a: 
in order to account for a quantum yield of 0.25. ‘7 

By using deuterium as an indicator, Taylor and Jungers ?"® concludeq i 
reaction (2) occurs to such an extent as to make it one of the reasons for the lo 
quantum yield.219 By irradiating mixtures of ammonia and deuterium, ap aa 
librium mixture of NHD., and NH,2D were obtained. tt 

Studies of the concentrations 22° of atomic hydrogen produced by the irra 
tion of ammonia showed that the yields were independent of the total preseil 
when the latter was varied from 250 to 760 mm. The atomic hydrogen wag py, 

portional to the 0.69 power of the absorbed light intensity, and passed through ; 

maximum with increasing ammonia pressure. The effect of changing the temper: 

ture indicated that the reactions which destroy hydrogen atoms must haye b 
an insignificant heat of activation. To account for their observations, they sift 
gested that hydrogen atoms react with ammonia to form NH, molecules, decomp, 
sition of the latter at temperatures above 300°C. shifting the equilibrium to t 
left. At small ammonia pressures, the establishment of equilibrium was preve id 

by the diffusion of hydrogen atoms to the wall. Two reactions were according! 
suggested to account for the low quantum yield in the ammonia decompos dt 
NH,+NH,-s2NH, and NH,+NH,—>NH3+NH+Hp, the first being thre 
hundred times as probable as the second. The rise of the quantum yield obser P 

to. occur at temperatures over 400°C. may be due to the above equilibrium movin; 

SO far to the left that not sufficient NH, remains to produce ammonia by either o 
these reactions. eee } 

Recently, the range of ammonia ‘pressures over which the quantum yield i 

independent of the ammonia pressure has been extended to cover pressures of # 
to 8.5 atmospheres." The yield.is also independent of wave-length. The valu 
found (0.14) was, however, lower than that of other investigators. A rather 
rapid increase of quantum yield with temperature was found, the values being 

0.34 at 250°C. and 0.54 at 400°C., a result intermediate between those of Kuhn 

and of Wiig and Kistiakowsky. The method suggested for the disappearance of 

26 Mund, W., and van Tiggelen, A., Bull. Soc. Chim. Belg., 46, 104, 227 (1937); Ann. Soc. Sem 
Bruxelles, Ser. I, 57, 92 (1937); Chem. Abs., 31, 5685, 6560, 6971 (1937). These authors devise a 

mechanism which avoids reaction (2). See also Mund, W., Brenard, G., and Kaertkemeyer, L., Bulle 

Soc. Chim. Belg., 46, 211 (1937). For a further discussion of these relatively inaccessible papers, 

. see Taylor, H. S., J. Phys. Chem., 42, 783 (1938). : 

27 Boehm, E., and Bonhoeffer, K. F., Z. physik. Chem., 119, 385 (1926); Taylor, H. S., and Jungers, 
J. C., J. Chem. Physics, 2, 452 (1934). metas. =, 

28 Taylor, H. S., and Jungers, J. C., J. Chem. Physics, 2, 452 (1934). f 

219 A similar conclusion was reached by Melville, H. W., from work on the mercury-sensitized reac 

tion [Trans. Faraday Soc., 28, 885 (1932)]. . 

2200 Farkas, L., and Harteck, P., Z. physik. Chem., 25B, 257 (1934). 

221 Oge, R. A., Jr., Leighton, P. A., and Bergstrom, F. W., J. Am. Chem. Soc., 56, 318 (1934). 
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| j rati he two reactions is possible. Indeed, it is the most 

early Me tts means of excited mercury. The rate of the sensitized 

pid 58 110-120 times the rate of the direct photochemical decomposition. It 

gction © action, the quantum yield being about 13. The rate of the sensitizes 

5a eo is unaffected by nitrogen, ammonia or hydrogen added separately, 

action * a arently the addition of both hydrogen and ammonia retards the 

: The lack of retardation by hydrogen alone is explained by. tg 

that hydrogen atoms react with hydrazine. _The rate of the sensitize 

5 directly proportional to the incident light intensity. 
of ical reaction could be 
ee ts regarding the direct photochemica id 

pine meee ese ° imary process leading either to a dissociation 

Hg + hy ——> He’ 

Hg’ + NH; ——> NH,’ + Hg 

NH; ——> NHs + hre 
NH; —— NH2+H 

The low quantum yield of 0.12 was attributed to the occurrence of the fli16 
reaction. | 

Rate expressions were derived for this and the corresponding deuteroamm, 
(ND3) reaction by Evans and Taylor.232 Melville 233 suggests that the dea 
positions are brought about in collisions between ammonia or NDg and metal 

atoms. The metastable atoms are produced from quenching collisions hey, alained by the assumption of a prime 
3P; atoms and ammonia or NDs, the latter two being equally efficient. To ace Sie and H or into two NHapradlee *- i tic light of 1990A, were found 

‘ e ° e : oe } | 1 e e * monoc roma ; for the observed greater reactivity of ammonia, secondary reactions, unconneg “The quantum yields produc y An Geeteice cle een apelee 
with the mercury atom processes, were assumed. The quantum yield for the phot 
sensitized reaction is about the same as that of the direct decomposition,- s9 that 4 
secondary reactions are the same.?34 i 

Berthelot and Gaudechon 235 exposed mixtures of ammonia and oxygen - 
the total radiation of the mercury arc and found nitrogen, hydrogen and Wate 
but no nitrates or nitrites, as products of the reaction. The reaction Produc 
by the 2080A line of the zinc spark was more complex, according to Bacon a: 
Duncan,?9° since ammonium nitrate and smaller amounts of ammonium nitr} 
could be obtained. The process NH,+O,->NO+H,0O was assumed and 4 
overall reaction could be written: 8NH3 + 70, — 2N. + 2NH,NOg, + SH.Omm 

The photochemical reaction of ammonia with carbon monoxide yields form 
mide as a primary product. The amide then undergoes secondary reactions.2 
‘Less than 5 per cent of the reacting ammonia yields hydrogen and nitrogen, Jy 
rate of ammonia decomposition approximately doubles in the presence of carb 
monoxide. Methylamine and ethylamine also react with carbon monoxide, a my 
larger amount of gaseous decomposition products being formed than in ¢ 
reaction of ammonia. , 

The Photochemical Decomposition of Hydrazine. Faint diffuse absor 
tion bands (apparently predissociation bands) begin at about 2490A in 80 ef 
layers of hydrazine vapor at 0.5 mm. pressure.238 Continuous absorption begins 
at about 2370A (at 2260A in 20 cm. layers). Hilgendorff 239 gives the heat « 
dissociation as 122.4 kcal. per mole. | ; 

Elgin and Taylor found that radiations shorter than 2400A decompose hydra 
zine by the reaction: 2N.H,—>2NH;+N.+Ho, the ammonia subsequently decor 
posing at a rate about one-tenth that of the hydrazine decomposition rate. Tt 
hydrazine decomposition rate is independent of temperature, and of the additio 
of nitrogen, hydrogen or ammonia. The reaction can also be sensitized to th 
2537A mercury line by the addition of mercury vapor; in this case the rate of th 
hydrazine decomposition so greatly exceeds that of the ammonia (40 times) tha 

and Beckman 24° to range from ress 
yy ee rhe composition of the gases produced in the initial stages of the reaction 

mam. 
4 t in agreement with those reported by Elgin and Taylor. More ae 

+ the low hydrazine pressures than at the higher ones. The mechan : 

4 ae from that of the mercury-sensitized reaction, because of the excess O 

4 . Be formed and because of the much lower quantum yield. Their suggested BE Aro 

“echanism involved the reactions 

N2Ha. Se hv ee NeHs + H 

H+ NeHa mac N:2Hs + He 

2N2Hs ey 2NHs = Ne ; 

2N-H; ——> Ne+ He + NeHs (wall reaction). 

Sone Decomposition of Hydrogen Azide. The ultraviolet irradiation of 

a us solutions of hydrogen azide yields mainly hydroxylamine and eeninn 

oo ll amounts of ammonia and traces of hydrazine.24! Gaseous hydrogen 

- 90A line, gives a gas, non-condensable at 
ief illumination with the 19 line, 

4 BI accratyres: on longer illumination, a white solid, presumably 

Baninm azide, NH4Ns, is formed.?42 Light absorption by gaseous hydrogen 

om sets in at 2200A. The decomposition proceeds by two concurrent reactions, 

Fie yielding hydrogen and nitrogen, and the other ammonia and nitrogen. 

4 2HNs ——> He+ 3Ne and 3HNs —— NHs + 4Nz2 

Fever a pressure range of we to 130 mm., three molecules are decomposed per | 

Bicorbed quantum, when calculated to the formation of ammonia. bie ei 

“siti : lso two concurrent reactions during 
‘sitized by mercury vapor, there are a ( | 

early es of the run, although their relative extents differ from those observed in 

‘the unsensitized reaction. Ke ) 

. During the early period of the photosensitized reaction, the amon tae ee 

reacts with excess hydrogen azide to form solid ammonium azide. When os 

| Pressure has reached a value 1.18 times its initial value, excess hydrogen azi : 

“has all been consumed. After this, ammonia formed by the decomposition of 

. ammonium azide remains as a gas and results in a sudden mena in the wt Ke 

a iti : etion, a new reac _ change of total pressure. As the decomposition nears comp a: 

§ 40 Wenner, R. R., and Beckman, A. O., J. Am. Chem. Soc., 54, 2787 (1932). 

ot ., 61, 702 (1928). ee 
Be Becta er 0, ‘and Dickinson, R. G., J. Am, Chem. Soc., 50, 1870 (1928); 52, 124 (1930); 

“Myers, A. E., and Beckman, -A. O., Ibid., 57, 89 (1935). 

SSS eee 

2382 Evans, M. G., and Taylor, H. S., J. Chem. Physics, 2, 732 (1934). 
233 Melville, H. W., Proc. Roy. Soc., 152A, 325 (1935). 

*84 Farkas, L., and Melville, H. W., Proc. Roy. Soc., 157A, 621, 625 (1936); for the direct unsensi- 
tized decomposition of deuteroammonia, see Wiig, E. O., J. Am. Chem. Soc., 59, 955. (1937). r 

*85 Berthelot, D., and Gaudechon, H., Compt. rend., 150, 1327 (1910); see also Rakestraw, N. Ws 
and Hollaender, A., Science, 84, 442 (1936). 

86 Bacon, H. E., and Duncan, A. B. F., J. Am. Chem. Soc., 56, 336 (1934). 
*37 Emeléus, H. J., Trans. Faraday Soc., 28, 89 (1932). 

8 Elgin, J. C., and Taylor, H. S.,.J. Am. Chem. Soc., 51, 2059 (1929); see also Imanishi, ! 
Nature, 127, 782 (1931). 

239 Hilgendorff, H. J., Z. Physik, 95, 781 (1935). 
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18 per cent of the molecules react by (2) and (3) and 82 per cent by (2), ( 13 

_ Oudh, India, 3, 197 (1934); Chem. Abs., 29, 7806 (1935). 
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| 4990A) from a condensed aluminum spark. The decomposition proceeded 

ce with the equation: 860- 
Fiz + HN3—>NH3+N, becomes increasingly important. When the Presey 

Sy 
; 4 accordan 

becomes constant no hydrogen remains, and the end products are given 4 
3HN,—>NHg +4Np. mt 

: he : ms Sena eee —> 3Ne. 
The quantum yield of the photosensitized reaction in its initial sta 4N20 2NO + O2 + SNe 

at pressures below 2 mm. the yield decreases rapidly. The value is in — 4 | irly i 21 | a5 : agreeme, 5 tum efficiency was 3.9 and was fairly independent of the pressure (21 to 
with a calculated value of 3.4 molecules of HN; decomposed by either reaction a. The quae d temperature (0° to 40°). 
quantum absorbed, calculated to the formation of ammonium azide. The fol] Pe 607 Be cercury atoms can bring about the decomposition.25° In this case, 

ing possible partial reactions may be written: q : is liberated and the oxygen combines with the mercury, nitric oxide not 
nit rO 

: ocity i ions ity of the 2537A 
(1) Hg+hyv — Heg* oduced. The reaction velocity is proportional to the intensity o 

(2) Hg*+ HNs —— Hg+N.+ HN 

(3) HN + HNs et Fis Z2Ne 

(4) HN + HN: -———~ Ne + NeHe 

(5) NeHe ths > 2Ne2+ NH; 

(6) NH3HN; —~> NHiNs (solid). 

being ployed to excite the mercury. 

A mercury-sensitized chain reaction between nitrous oxide and hydrogen has 

; studied by Melville.*t Oxygen participates in both the making and break- 

- the chains, the length of chains being approximately the same for the 

spotochemical and the thermal reactions. 

j Nitric Oxide. Leifson *5? found an intense banded absorption to begin at 

0644. There are at least four groups of bands, which are interpreted as arising 

‘rom combinations of four electronic levels with the ground state of the mole- 

ciples. 259 No regions of continuous absorption are apparent. ee ; 

~ Macdonald 254 found the decomposition produced by irradiating the gas with 

radiations of wave-lengths 1860-1990A to follow two courses. Ninety per cent of 

‘he decomposition yielded nitrogen and oxygen and 10 per cent followed the 

equation 3NO—N,O+NO.. The quantum efficiency in this case is given as 

0.73. The data were interpreted in terms of a theory of excited molecules serving 

as ‘ntermediaries, since the spectral data did not indicate the nature of the bands 

‘40 be suggestive of predissociation. | 
On the other hand, Flory and Johnston 25> have interpreted the primary process 

as one of predissociation, at least when the pressure was low (0.02 to 7 mm.). 

The final products of the reaction were found to be nitrogen and oxygen, the 

‘fatter being partly destroyed by a reaction occurring when the gas was com- 

pressed in a McLeod gauge. In this process, a solid product presumably mer- 

‘curous nitrate, was formed. It was shown that mercury 25° vapor in the apparatus 

from the gauge did not essentially affect the results and that the reaction was at 

‘least 98 per cent non-sensitized since the use of a mercury vapor filter failed to 

‘reduce the rate of decomposition. The use of a Blue-Purple Corex A filter which 

cuts off the radiation completely below 2300A, but shows 70 per cent transmission 

of the 2537A line, reduced the rate to 1.3 per cent of its value without the filter. 

A similar experiment with a Cellophane filter cutting out radiation below 2200A 

and transmitting 45 per cent of that of the 2537A line reduced the rate to about 

1 per cent of that without the filter.257 | 
The rate of decomposition was directly proportional to the rate of absorption 

(5) and (6). 

Reactions Involving the Oxides of Nitrogen. A direct combination ¢ 
nitrogen and oxygen under the influence of rays from a quartz mercury arc ocean 
to a very slight extent.742 Kondrat’ev 244 states that the amount of combinatio, 
can be doubled by the addition’ of 5 per cent of hydrogen or of 28 per cent of 
carbon monoxide. The addition of both gases increases the yield ten times. It 3 
assumed that excited oxygen molecules are involved in the combination Process 

Nitrous Oxide. In the absorption spectrum of this gas there have been observe 
bands of nitric oxide. The presence of the latter is probably due to a photochemieca 
decomposition occurring during the measurements.245 Sen-Gupta 246 found tha 
nitrous oxide absorbs light at 1850A, transmits better at about 1700A and absorb: 
again at 1580A. It was suggested that these absorptions represent dissociation 
into NO and nitrogen atoms in different metastable states. That produced by 
1850A was said to be 7D and that at 1580A 2P. In each region the absorptiot 
is continuous.?47 Absorption begins at longer wave-lengths as the temperatur 
is increased (2246A at 20°C. and 2604 at 675°C.). By plotting the wave-lengt} 
of beginning absorption against temperature and extrapolating to 0°, (2140A) it 
was deduced that the minimum energy required for the dissociation into NO anc 
N is 132 kcal. From studies on mixtures of nitrogen peroxide with nitrous oxide 
Henriques, Duncan and Noyes 248 concluded that in the direct decomposition of 
the latter, a second primary process NyO + hv > Ng + O is also necessary to explain 
the observed quantum yields. | ) 

Macdonald 749 irradiated nitrous oxide at various pressures with radiations | 

_ %0Manning, W. M., and Noyes, W. A., Jr., J. Am. Chem. Soc., 54, 3907 (1932). 

_ *1 Melville, H. W., Proc. Roy. Soc., 146A, 737 (1934). 
_ *2 Leifson, S. W., Astrophys. J., 63, 73 (1926). mips 

_ _ 8 Sponer, H., and Hopfield, J. J., Phys. Rev., 27, 640 (1926); Jenkins, F. A., Barton, H. A., an 

Mulliken, R. S’, Phys. Rev., 30,-150, 175 (1927): Lambrey, M:, Compt. rend., 186, 1112 (1928); 
187, 210 (1928); 189, 574 (1929); 190, 261 (1930). 

_ *£Macdonald, J. Y., J. Chem. Soc., 1 (1928). 
8 Flory, P., and Johnston, H., J. Am. Chem. Soc., 57, 2641 (1935). 

_ *8 Cf. also Kondrat’ev, V., Acta Physicochim. U.R.S.S., 3, 247 (1935); Chem. Abs., 30, 6649 (1936). 

ff ®t Under other conditions, however, Noyes, W. A., Jr., J. Am. Chem. Soc., 53, 514 (1931) found 
800d evidence for the existence of a mercury-sensitized reaction. Under his conditions, there was no 
direct reaction. The differences in the manner of operation of the mercury arc source were, however, 
Such that the results of these observers may not have heen contradictory. 

& 

*43 Berthelot, D., and Gaudechon, H., Compt. rend., 150, 1517 (1910). They found also that nitrous 
and nitric oxides are each decomposed into their elements, some of each gas reacting with liberatec 
oxygen to form higher oxides. 

44 Kondrat’ev, V., Acta Physicochim. U.R.S.S., 3, 247 (1935); Chem. Abs., 30, 6649 (1936). 
*45 Lambrey, M., Compt. rend., 186, 1112 (1928). f 
246 Sen-Gupta, P. K., Proc. Roy. Soc., 146A,.824 (1934); Bull. Acad. Sci. United Provinces Agra 

“1 Henry, L. A., Compt. rend., 200, 656 (1935); J. chim. phys., 32, 437 (1935). See also Dutta, A. Ky 

Proc. Roy. Soc., 138A, 84 (1932). | 
j 

Re a F. C., Jr., Duncan, A. B. F., and Noyes, W. A., Jr., J. Chem. Physics, 6, 518 

249 Macdonald, J. Y., J. Chem. Soc., 1 (1928); cf. also Noyes, W. A., Jr., J. Am. Chem. Soc. 59, 

807 (1937). 
i 
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of the effective wave-lengths. At very low pressures, the rate was 
proportional to the pressure, a circumstance which eliminated an excited Molen 
mechanism. Were the primary process of the latter type, the rate would y a 
the square of the pressure since collisions with normal molecules would be re 
to effect a decomposition of the excited molecules. Most of the reacti 
by the mercury arc was attributed to absorption of the 1832A line 
band of nitric oxide. Absorption of the 1849A line in the beta band 
lesser effect which becomes significant at higher pressures in agreem 
rates observed at pressures above 3 mm. Sparks between aluminum, zine 
mium, nickel, copper and tin electrodes were effective to the same ord 
nitude. The activity of such sparks was regarded as due primarily to 
in the continuous background. That the process is one of predissociat 
some support in the work of Kaplan 258 on the emission bands of the 
calculated value for the molal heat of dissociation of nitric oxide, 12 

| less than the energy of the 1830A line by 33.6 kcal. 
must, however, be normal atoms. The only secondar 
are recombination processes occurring at the walls. 
pressures the primary step may be predissociation 
beta-bands, rather than from the delta-bands. 

_ Nitrogen Peroxide. At room temperatures this 
librium mixture of NO. and NyO, molecules. The latter is non-ab 
the visible range and the former is colored. Harris 259 found the sing] 
to exhibit a banded absorption spectrum between 6000 and 2250A. 
tabulated the wave-lengths of the apparent absorption maxima and the individu 
intensities of the lines for the region 2083 to 4009A. The NOx, molecule exhibit 

_ two limits of predissociation.21 The first lies between 3800 and 3700A and th 
second between 2459 and 2200A. The diffuse bands of the first region extend ¢ 

also direy 

ion finc 

Lass 

' 
‘ 

€ molecule 
Lambrey 26 

defined bands probably coinciding with a different electronic transition, Thes 
bands then become diffuse at the second predissociation limit. 

to the N,O, molecules also present in the gas is continuous 
broad structureless bands at about 3400 and 2400A.264 

On irradiation by means of the mercury arc, nitrogen peroxide was found by 
| Since radiations transmittec 

by glass caused the pressure increase, the latter was attributed to a photochemica 
decomposition of the NO, molecules into nitric oxide and oxygen. The additior 
of either of these products completely reversed the reaction, nitric oxide being the 
more effective in displacing the equilibrium. The pressure increases rapidly at 

The increase is complete in about fifteen minutes; when 
the illumination is stopped the pressure returns to its original value, rapidly at 

Norrish 26 to exhibit a marked pressure increase. 

first, then slows down. 

28 Kaplan, J., Phys. Rev., 37, 1406 (1931). 
#9 Harris, L., Proc. Nat. Acad. Sci., 14, 690 (1928). 
69 Lambrey, M., Compt. rend., 188, 251 (1929); ar TE, 

rend., 201, 1334 (i935) ’ ( ); see also Lambrey, M 

*61 Henri, V., Nature, 125, 202 (1930). 

262 Mecke, R., Z. physik. Chem., 7, 127 ( 
Ionescu, A., J. phys. radium, 8, 369 (1937) 

68 See also Carwile, L., Astrophys. J., 67, 184 (1928). . 

264 Cf. Holmes, H. H., and Daniels, F., J. Am. Chem. Soc., 56, 630 (1934). 
265 Norrish, R. W. G., J. Chem. Soc., 761 (1927). 
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1.95 kcal, r 

The dissociation Product 
y processes in the TeACtiog 

‘It is suggested that at highe, 
from the upper levels of 4, 

gas is composed of an equi 

sorbing jp 

about 2596A, at which point they are suddenly replaced by a series of sharply 

fuse at The first limi 
corresponds to a dissociation into NO and a normal oxygen atom, the second t 
the production of an oxygen atom in the 1D state.262 The absorption attribute 

,°63 consisting of twe 

., and Corbiére, J., Compt. 

1930); Herzberg, G., Z. physik. Chem., 10, 189 (1930); 
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d then more slowly. Constancy of pressure was attained when the rate of 

nation of NO and oxygen became equal to the rate of the photodecompo- 

“ion. Hydrogen had no effect on the increase of pressure. This work had been 

, teted before the interpretation of the spectrum by Henri had appeared. 

ee ch lacking this information, proposed a mechanism involving a reaction 

BD yreen an excited and a normal molecule of NO, in which molecular oxygen 

was produced. 3 . a 
By a method insuring only very low partial pressures of the reaction products, 

ickinson and Baxter °° were able to avoid the recombination of the products 

the resulting heat effect. Under their conditions, it was not necessary to treat 

reaction as an equilibrium and quantum yields could be determined for the 

decomposition. The yields were determined in a series of spectral regions, 

d by the use of filters. The following mean values, expressed as molecules 

‘of oxygen per quantum absorbed, were obtained: 4350A, 0.0046; 4050A, 0.036; 

3660A, 0.77. At the low pressures used, the values were not markedly dependent 

on the pressure. ! | 

These observations were extended by Norrish 267 to include six wave-lengths. 

The yield was zero at 5760, 5460 and 4360A. For 4050A, it was 0.37, at 3650A 

4.05 and for the range 3160 to 2650A, 1.04. It is particularly interesting that a 

photochemical threshold is found in the middle of a region in which the substrate 

absorbs strongly, the maximum absorption of nitrogen peroxide being at about 

4500A where the quantum yield is zero. Light of the photochemically inactive 

wave-length 4360A produced an orange fluorescence and the violet light of 4050A, 

which is only partly effective photochemically, a much fainter greenish-yellow 

 fuorescence. The spectra of the fluorescence at each wave-length possessed two 

wide maxima at about 6400 and 5900A, different intensity distributions account- 

ing for the difference in color. At 3650A only a very faint fluorescence could be 

produced. When present, the fluorescence could be destroyed by the addition 

of oxygen. These observations can now be interpreted as evidence that predisso- 

ciation begins at about the threshold region, necessitating a revision of previously 

assumed excited molecule mechanisms. 

The presence of nitrogen pentoxide does not affect the decomposition of the 
nitrogen peroxide, according to Holmes and Daniels.268 Their quantum yields, 

pbased on molecules of NO, decomposed, in a mixture of the above gases were 
1.92 at 3130A, 1.83 at 3660A, 0.5 at 4050A and zero at 4360A. They also found 

- that NO, is decomposed at 2650A with a quantum efficiency of 0.6. Although 

- the lines 3660 and 3130A are absorbed by this gas, no measurable decomposition 
results. Helium, argon, nitrogen, oxygen, hydrogen, carbon dioxide and nitrous 

oxide were found to decrease the photolysis of NOs, but were more effective in 

reducing fluorescence. 

The synthesis of nitrogen dioxide in a glow discharge in a two to one 
oxygen: nitrogen mixture has been reported by Westhaver and Brewer.?® 

Nitrogen Pentoxide. The absorption of this gas, according to Urey, Dawsey 
| and Rice 27° is continuous from 3050A into the Schumann region. The upper 

frst a 
recom! 

Dand 

the 
direct 

isolate 

| 

| 

| 

266 Dickinson, R. G., and Baxter, W. P., J. Am. Chem. Soc., 50, 774 (1928). 

267 Norrish, R. W. G., J. Chem. Soc., 1158, 1604, 1611 (1929). | 
268 Holmes, H. H., and Daniels, F., J. Am. Chem. Soc., 56, 630 (1934). 

29 Westhaver, J. W., and Brewer, A. K., J. Phys. Chem., 34, 554 (1930). 
270 Urey. C., Dawsey, L. H., and Rice, F Am. Chem. Soc., 51, 3190 (1929). ot ods See also 

Jones, E. J., and Wulf, O. R., J. Chem. Phys., (1938). 
pe ee Fs 
5, 873 
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; 2 ; | ; Zt cti 282. ield of 2.1 at absorption limit corresponds with an energy of 93:2 kcal, suggesting that th. were reported by Kistiakowsky,*** who obtained a quantum yie 

results primary reaction N20; > 2NO. + O occurs. fs, of several wave-lengths from 6350, to Sane tage eae Mig in ae 
Holmes and Daniels,?™4 who also gave absorption data, stated that light of 4 explanation ie : sir a i ey ese ae lan, inberpreratiens : ; . ; ~+ 1a ‘ istiakowsky also believe € : ‘ : 
oe 2800 and 2650A decomposes the pentoxide with a quantum efficiency Shae ee nituocvl clilaride’molecules rather thanvane: of dicen tise 

ee digits ke ; ; . py me ‘ Nitrogen pentoxide is also decomposed photochemically by blue light, but 9 2). for the primary process. . 
ee ° = ? ta $3 iil A e e,°8 Ms my in the presence of nitrogen peroxide as a sensitizer.272 Light in the te on - Nitrogen Trichloride. The decomposition of nitrogen trichloride 4000 to 4600A is responsible for the reaction, the rate being proportional] 

energy absorbed by the nitrogen peroxide. At low concentrations of the sen 
the rate is proportional to the amount present. From the data given, Kist 
sky 273 has calculated an upper quantum yield limit of about 18. 

Fazel and Karrer 2"4 suggested that the excited nitrogen peroxide molecyles 
transferred their energy by collisions of the second kind to molecules of nitro. 
gen pentoxide, thereby dissociating the latter. Norrish,275 however, Suggested 
that the nitrogen peroxide might be decomposed, the resulting nitric oxide mole. 
cules then reacting with nitrogen pentoxide with the production of three mole. 
cules of nitrogen peroxide, the original sensitizer. Busse and Daniels 276 found. 
the rate of this photosensitized reaction to be unaffected by collisions with Oxygen 
nitrogen or hydrogen. Bromine could not be substituted for the nitrogen per. 
oxide even though the halogen has a rather similar absorption range. When 
added to a mixture containing nitrogen peroxide, bromine decreases the sensi. _ 
tizing efficiency of the latter, probably by absorbing a portion of the effective light, 
From measurements of the relative rates of decomposition of nitrogen pentoxide 
at 0°C. by radiations of wave-lengths 4350, 4050 and 3660A, and comparison with 
the data on the decomposition of nitrogen dioxide, Baxter and Dickinson 277 con- 
cluded the mechanism of the sensitized nitrogen pentoxide decomposition to be 
essentially that suggested by Norrish. f 

Nitrosyl Chloride. Magnanini278 found nitrosyl chloride to exhibit weak 
absorption bands in the region 5300-6200A; strong absorption sets in at 5300A. 
Kistiakowsky 79 states that the absorption begins above 6300A and increases grad- 
ually toward the ultraviolet. In the region between 5100 and 4350A the banded 
structure showed faint but diffuse line structure. In the ultraviolet below the 
absorption maximum at 3300A no banded structure could be observed at all, 

According to Kiss 289 visible light decomposes nitrosyl chloride incompletely 
into nitric oxide and chlorine, which recombine in the dark, a stationary state being 
finally reached. The temperature coefficient is unity (0° to 78°C.). Working with © 
the spectral regions 4380-5000 and 4480-5200A, isolated by means of filters, Bowen 
and Sharp 781 found the quantum yield to be 0.5 independent of the extent of the 
decomposition. Their proposed mechanism included a primary dissociation into — 
nitric oxide and a chlorine atom, followed by some secondary reactions in which | 

i} the chlorine atom produced the transitory compound NOCl.. Quite a 

71 Holmes, H. H., and Daniels, F., J. Am. Chem. Soc., 56, 630 (1934). 
72 Daniels, F., and Johnston, E. H., J. Am. Chem. S00;, 45, 72 (1971). 
273 Kistiakowsky, G. B., ‘Photochemical Processes,”? The Chemical Catalog Co., Ine. 

Publishing Corp.), New York, 1928, 140. 
#2 Bazel, C.'S., And Karrer, S., J. Am. Chem. Soc., 48, 2837 (1926). 
2% Norrish, R. W. G., Nature, 119, 123 (1927). 
276 Busse, W. F., and Daniels, F., J. Am. Chem. Soc., 49, 1257 (1927). 
277 Baxter, W. 'P., and Dickinson, R. G., J. Am. Chem. Soc., 51, 109 (1929). 
278 Magnanini, G., Z. physik. Chem., 4, 427 (1889). 
79 Kistiakowsky, G. B., J. Am. Chem. Soc., 52, 102 (1930). 
80 Kiss, A., Rec. trav. chim., 42, 665 (1923). 
*81 Bowen, E. J., and Sharp, J. F., J. Chem. 20c., 127, 1026 .€1925). 

tO the | 
Sitizey_ 

lakoy 

2NCls ——>:. Ne + 3Cle 

: ensitized by chlorine, the velocity being directly proportional to the light 

1s © ped by the added chlorine.28% | | | 
} ire reaction is of zero order with respect to nitrogen trichloride until the 

| position ‘is practically complete; a semi-explosive reaction then occurs. 

ressures of nitrogen trichloride of 0.146 to 2.48 mm. and of chlorine between 
400 and 22 mm. the quantum efficiencies (at 4360 and 36504) were high, 

fn tween 17 and 5, depending on the pressure of the chlorine. They tended to 

{ 4 ach a limiting value of about three at the highest pressures of chlorine. If 

| Be cccel is treated with water or heated to 100°C., the efficiency is abnormally 

. om the “maturing” of a vessel is chiefly the formation of an invisible film of 

q 4 onium chloride on the surface which indirectly establishes a constant condi- 

on of chain rupture in the gas phase. The relation between the yield and the 

chlorine pressure is given by 

j decom 

— With p 

Ene ake eae 
0.0038P 1, 

in which K, varies from 2.0 to 2.5 and is dependent on the size of the vessel. 

. Foreign gases reduce the quantum yield to a limiting value of two, the relation 

being ; 

ee 
(0.0038Pc1, Sd KP eas) 

5 The Ko values were: helium 0.00093, argon 0.0016, nitrogen 0.0017, oxygen 0.0025 
and carbon dioxide 0.0038. It was suggested that the added eas stabilizes by 
a triple collisions an energy-rich complex, NCl4, which is associated with the rup- 

Meeiire of chains. _ 

THE PHOTOCHEMISTRY OF SULFUR COMPOUNDS 

The gaseous reaction between hydrogen and sulfur is greatly aided by po 
ultraviolet rays from a mercury vapor lamp, according to Norrish and Rideal.?8 
The absorption spectrum of sulfur vapor contains a band with maximum absorp- 

tion at 2750A according to Graham.285 It is known that this value lies within one 
_ of the two predissociation regions possessed by sulfur vapor.?8¢ . 

| The absorption of hydrogen sulfide, which is entirely continuous, begins at 
about 2800A and reaches a maximum at about 1850A.287 The gas can be decom- 

? 
(Reinhold 

*82 Kistiakowsky, G. B., loc. cit. | 

*88 Griffiths, J. 6. A., and Norrish, R. W. G., Proc. Roy. Soc., 130A, 591 (1931); 135A, 69 (1932). 

84 Norrish, R. W. G., and Rideal, E. K., J. Chem. Soc., 125, 2070 (1924); 123, 3202 (1923). 

*86 Graham, J. I., J. Chem. Soc., % (ii), 1015 (1910). 
*86 Christy, A., and Naudé, S. M., Phys. Rev., 37, 903 (1931). 

*87 Goodeve, C. F., and Stein, N. O., Trans. Faraday Soc., 27, 395 (1931). 
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posed by the light of the mercury arc 288 or of the zinc spark. Using the trioxide at equilibrium. The irradiation equilibrium was found not to 

source, Stein 789 found the quantum yield to be 2 (2050A) when the hyd cen isplaced by increases of temperature up to 800°C., whereas the nae, Beet 
sulfide pressure was 250 mm. At higher pressures the quantum yield rea cs Fpasplaced considerably when the temperature be siedsed hous) 9a at 
3.8. The nature of the primary process was not determined. On the other han 

nd ; Forbes, Cline and Bradshaw 29° find the yield ; yield to be unity and independent i 
sure between 8 and 1400 mm. and of light flux over a 14-fold range at 080 

The Oxides of Sulfur. Sulfur monoxide, spectral evidence for the 
ence of which has been presented by Henri and Wolff,291 is said to 4 d 
a photochemical decomposition when irradiated by the shorter wie oe 
wave-lengths.?°2 A slight contraction in volume of sulfur dioxide ai 
observed by Berthelot and Gaudechon 2% to occur in a sample of x va 
irradiated over a mercury surface. Sulfur was deposited on the tube a 
the mercury became encrusted with a sulfate. Corresponding resuee ang 
also obtained in the presence of oxygen. Similar observations have Me 
reported by Hill,2°* who used a Uviol mercury lamp. He represented nl 
decomposition as 3502—>2S03+S. By interposing various filters it was cot 
that the chief response is at 3130A, lying within the first absorption band of ae 
fur dioxide. The gas has a well-developed band system which extends f a 
about 3400A to shorter wave-lengths.29° Predissociation into SO and O sets al 
at about 1950-1900A. Predissociation also is possible at about 2100A.296 — 

Kornfeld and McCaig 27 obtained the absorption spectrum of sulfur dioxid 
before and after it had been irradiated at low temperatures with an aluminum sparill 

Although the gas decomposes at these wave-lengths into SO and O the 
spectrum of SO was not observed. Because of its surplus vibrational energ . tha 
latter was possibly consumed in an unexpectedly rapid reaction. ; 1 

The spectrum of sulfur trioxide shows continuou Ke s absorption from 3300 to 
2000 and from 2300 to 2000A.298 Kornfeld 299 concludes that at 2760A dissal 
ciation produces SO, and a normal state oxygen atom. | 

Konstantinova-Shlezinger 39 states that the sulfur trioxide produced when 
‘sulfur dioxide is irradiated in a 3 

: quartz vessel, is decomposed to some 
reaction 2SO3 > 2SOxz, + Ons. ) Pp e extent by the | 

The Oxidation of Sulfur Dioxide. Coehn and Becker 291 found that the for-_ 
mation of sulfur trioxide proceeds fairly rapidly in a mixture of sulfur dioxide 
and oxygen In a quartz reaction vessel mounted within a mercury lamp. With a 
mixture of equal volumes of sulfur dioxide and oxygen, the content of sulfur 
trioxide was 65 per cent at equilibrium. The latter condition was attained within an 
hour at a temperature of 160°C. This is quite different from the thermal equili- 
brium, since in daylight at temperatures below 450°C., there is practically 100 per 

erature coefficient of the oxidation rate was found to be 1.2, These authors 

de experiments with flowing systems at temperature of 450°C. and 

; obtained yields so high as to lead them to believe a technical process for the pro- 

duction of sulfuric acid to be feasible.3 

In a repetition of this work, Trautz and Helfrich 393 found the mass law to 

d within the limit of experimental error, and observed the equilibrium con- 

tant to vary linearly with the square of the current to the mercury aro. “soe 

introduction of argon or nitrogen had no effect on the equilibrium constant. They 

also claimed that completely dried sulfur dioxide neither decomposed when irra- 

diated nor was oxidized in the presence of oxygen. 

The quantum yields have been determined for a series of wave-lengths of 

| monochromatic light by Kornfeld and Weegmann.9°* At 2537A and longer wave- 

Jengths, the yield was less than 0.01, and even this was decreased by increasing 

the concentration of sulfur trioxide. The yields were 0.53 at 2200A, 0.71 at 2070A 

and 1.0 at 1806A. They attributed the results to a mechanism involving dissocia- 

tion. The slight yields at the longer wave-lengths were said to be explained by a 

" different mechanism since there is insufficient energy for dissociation. Franck, 

_ Sponer and Teller 29 considered the process of oxidation to involve excited 

molecules of sulfur dioxide. Beyond 1950A, in the predissociation region, they 

found the quantum yield to rise to three. 

| Sulfuryl Chloride. The absorption by this material is continuous at wave- 

fengths less than 2600A.°°° LeBlanc, Andrich and Kangro 2°? stated the 

absorption to begin at 3000A and to rise rapidly at shorter wave-lengths. With 

adiations absorbed by sulfuryl chloride, but not to a marked extent by either 

sulfur dioxide or chlorine, there is practically complete dissociation either at 

55°C, or at 100°C. These authors believed that irradiation of mixtures of sulfur 

_ dioxide and chlorine by wave-lengths absorbed by the former caused only slight 

changes which did not result in the formation of sulfuryl chloride. On the 

other hand, radiations absorbed by the chlorine caused the reaction to run to an 

equilibrium, the position of which depended on the temperature and the amount of 

moisture present. | 

Trautz 298 found that the radiations about 2900A caused the combination of the 

two gases to proceed smoothly as a second order reaction, particularly at higher 

temperatures. Sulfuryl chloride was not the only product of the reaction; if rela- 

tively short periods of exposure were separated by several hours of darkness, other | 

substances formed and decreased the velocity constant. When continuous irra- 

diation was employed, constants were no longer obtained, probably on account of 
the side reactions. A temperature increase of 80°C. decreased the velocity of the 

temp 
—gjso ma 
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phosphine mixture at 0.05 mm. a quantum yield of 200, a stable chain 

urring. Above the upper limit of irradiation for explosion in the 

1 oxidation of phosphine, the chain reaction is inhibited by oxygen. Eas ction occ 

® iotochemica 

combination, corresponding to a temperature coefficient of 0.88 per 10°C 
velocity of the formation reaction is of the same order as that which is cata] Ne 
by animal charcoal in the dark, whether Uviol light or that from a quartz Ja Y2e¢ 
used mp : since the continuous absorption of arsine ie “ ri iter : ir near 

| i : : vat { ti d by mercury atoms excite e ine may Attempts to obtain sulfuryl bromide by the irradiation of sulfur dioxide a4 decomposition produce e on - ae ae ee 316 Hydrogen gas and a 
bromine have not been successful.299 | © and d without any complication due to a d . 

ae arsenic are formed. The rate of decomposition is directly proportional 

i, the intensity of the light and, at high pressures, is independent of the arsine 

to te a At low pressures, the rate is decreased because the excited mercury 

ce some of their energy by fluorescence. ‘The decomposition is very 

om Ail inhibited by addition of hydrogen. The quantum yield is 1.03. 
mane absorbs only in the very short wave-length region, probably at about 

4700A. Absorption is entirely continuous at least as far as I550A.3*7 Radia- 

Ss transmitted by very thin layers of quartz will decompose germane into 

‘hydrogen and germanium. The primary process is uncertain. A mercury-sensi- 

‘tized reaction also leads to the same products.?"° , ae 

A mercury-sensitized decomposition of silane to hydrogen and a solid othe has 

peen reported by Emeléus and Stewart.?19 The lack of absorption by this material 

revents the occurrence of any direct photochemical decomposition. Mixtures of 

: 30-50 per cent of silane with oxygen at low pressures explode when irradiated by the 

mercury resonance line, hot mercury spark, or aluminum spark. The process may 

be due to the formation of excited oxygen molecules. At higher pressures (100- 

500 mm.), the mixture reacts slowly after an induction period which depends on 

the initial pressure and oxygen concentration to give silicon. -At the beginning 

the pressure increase is an exponential function of the time. 

Siloxene, SigQ03;H,, reacts with organic halides in the presence of light to 

produce a monohalogenated siloxene.*?9 Siloxene absorbs only light of short 

wave-length, but can be sensitized to long wave-lengths by the addition of a very 

small quantity of hydroxysiloxene or of a dye. Since colored products are formed 

as the reaction proceeds, there is also autosensitization. 

PHOTOCHEMISTRY OF MISCELLANEOUS SUBSTANCES 

Phosphine and Arsine. In the absorption spectrum of phosphine, Cheam 
man and Emeléus 31° observed poorly developed bands with centers at . 
mately 2315 and 2290A. Arsine and stibine showed only continuous ah 
In the photochemical decomposition of the latter, hydrogen was formed. 

| The mercury-sensitized decomposition of phosphine, as affected by variations iy 
the partial pressures of phosphine, hydrogen, oxygen and argon, was investigated 
by Melville.241\ Collision of excited mercury atoms with phosphine was believed 
to produce H and PH». Recombination of these products by a wall reaction Was 
indicated by the decrease in the reaction rate which was observed to follow an 
increase in the surface-to-volume ratio of the vessel. An observed inhibition bys 
added hydrogen was attributed to the effect of the latter in deactivating the excited 
mercury atoms and to a wall reaction between the additional atomic hydrogen go_ 
produced and the phosphorus-containing intermediate. By attacking the inter 
mediate, added oxygen increased the rate of the phosphine decomposition. That 
the oxide so formed initiated a stable chain reaction between the remaining phos. 
phine and oxygen was shown by the acceleration of this reaction by argon. 

The lowering of the explosion limit of phosphine-oxygen mixtures by mercury 
arc irradiation was shown to be due to a surface effect probably connected with 
the adsorption of hydrogen by the wall of the containing vessel. The direct photo- 
chemical decomposition of phosphine by the radiations from zinc or aluminum 
sparks leads to the formation of hydrogen and red phosphorus.?12 

Melville 918 also finds that at room temperature the absorption spectrum of 
phosphine consists of a region of continuous absorption beginning at 2300A, 
preceded by four diffuse bands. At 300°C., the bands disappear and the absorp- 
tion limit moves toward longer wave-lengths. The direct photochemical decom- 
position has a quantum yield of 0.56 when conducted in a 7 cm. bulb and 0.49 in- 
a Z cm. bulb. It is independent of temperature below 300°. Atomic, but not 
molecular, hydrogen decreases the yield. i 

An oxygen-phosphine mixture reacts explosively between two sharply defined 
pressure limits. The lower one can be diminished by irradiation between the wave- : 
lengths of 2500 and 2800A. The effect is ascribed to the formation of a small quan- 
tity of an active substance from the phosphine; this does not decay immediately — 
when the elimination ceases.314 4 

Melville and Roxburgh 315 found for the reaction produced by irradiation of 

@PProx} 
“orption, 

length 4000A, with a quantum efficiency of two.?*! The reaction is inhibited by 

foreign gases. Eyber explained the results by assuming an excited molecule to 

react with a normal one with the production of carbon monoxide and the com- 

~ pound Fe.(CO) 9. On the other hand, Thompson and Garratt 3°? found the vapor 

to have continuous absorption beginning at 4100A. They suggested that the pri- 
mary process involves a dissociation into CO and Fe(CO)4. The latter then 
reacts with a molecule of the pentacarbonyl to give the observed product Fe: (CO) >». 
In hexane or carbon tetrachloride the continuum began at 5500A, but this was 
attributed to the presence of the decomposition product as an impurity. Eyber 
found that hexane solutions absorb strongly below about 4600A. 

Both the vapor and hexane or carbon tetrachloride solutions of nickel tetra- 
carbonyl show only continuous absorption, beginning at 3950A. The first reaction 

ae foe M., Z. Elektrochem., 21, 329 (1915); Schwarz, R., and Kunzer, W., Z. anal. Chem., 183, — 

$10 Cheesman, G. H., and Emeléus, H. J., J. Chem. Soc., 2847 (1932). 
311 Melville, H. W., Proc. Roy. Soc., 138A, 374 (1932). 
312 Melville, H. W., Nature, 129, 546 (1932). = 
313 Melville, H. W., Proc. Roy. Soc., 139A, 541 (1933); Melville, H. W., and Bolland, J. L., [bid., 

160A, 384 (1937)] and Melville, H. W., Bolland, J. L., and Roxburgh, L., [Zbid., 406] also investi- 
gated mercury-sensitized exchange reactions of deuterium and phosphine and the decomposition of tri- 
deuterophosphine. 

s14 Finshelwood, C. N., and Clusius, K., Proc. Roy. Soc., 129A, 589 (1930). 
315 Melville, H. W., and Roxburgh, L. H., J. Chem. Physics, 2, 739 (1934). 

16 Simmons, N. L., and Beckman, A., J. Am. Chem. Soc., 58, 454 (1936). 

317 Mahncke, H. E., and Noyes, W. A., Jr., J. Am. Chem. Soc., 57, 456 (1935). 
318 Romeyn, H., Jr., and Noyes, W. A., Jr., J. Am. Chem. Soc., 54, 4143 (1932). 

- 819 Emeléus, H. J., and Stewart, K., Trans. Faraday Soc., 32,.1577 (1936). x is <0.9. For disilane 
and trisilane decomposition, see Schwarz, R., and Heinrich, F., tA anorg. allgem. Chem., 221, 277 (1935). 

Bs Kautsky, H., and Thiele, H., Z. anorg. allgem. Chem., 144, 197 (1925); Chem. Abs., 19, 2313 
#925). : 

Somyber, G., Z. physik. Chem., 144A; see also Warburg, O., Naturwiss., 16, 856 (1928). 

$22Thompson, H. W., and Garratt, A. P., J. Chem. Soc., 525 (1934). 

Iron pentacarbonyl vapor can be decomposed by irradiation with the wave- 
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of irradiation is to produce carbon monoxide and nickel tricarbony] th 
further dissociating into carbon monoxide and nickel. In the gas phase re Uh 
no change is observed,??8 a thermal recombination balancing the photo oe 
decomposition. The quantum efficiency is higher, 2.12, for solutions “a emic 
tetrachloride than for those in hexane or cyclohexane. The yield increas Carbo 

what with frequency from a threshold value corresponding to the lime . NK 
tinuous absorption. Fedorov and Talmud 224 find the reaction can be OF Cor 

Chapter 20 
to wave-lengths greater than 6400A by pinacyanol. Webster 325 sensitize q ° aren, ‘ : ; 
polymerization of nickel carbonyl to (Ni(CO)4)»9, which has. antiknock propa ee Inorganic Reactions in Liquids 
when added to motor fuels, by the action of actinic light. 

| 4 GENERAL CHARACTERISTICS 
823 Thompson, H. W., and Garratt, A. P., J. Chem. Soc., 1817 (1934). ; _ 
**-reaoroy, F. P., and Talmad,-D. L., J. ; : : 

1702 (1937). =e J. Phys. Chem. (U.S.S.R.), 8, 789 (1936); Chem. Abs. 3 
825 Webster, H. G., U. S. P. 2,002,805, May 28, 1935; Chem. Abs., 29, 4932 (1935). 7 

Ss liquid phase reactions the photochemical mechanism may be altered because 

¢ the influence of neighboring molecules of the reactant if a pure liquid, or of 

.e solvent if a solution, upon the molecule which absorbs a photon. These influ- 

aces are exerted even during the act of absorption. As pointed out by Franck 

a Rabinowitsch,1 the molecules in a liquid may be regarded as being permanently 

. , state of collision. As a result, collisions with adjacent molecules are occurring 

ayring the brief period between the absorption of a photon by a molecule and its 

dissociation (about 10-18 second). Such collisions may deactivate the excited mole- 

cule even before it has a chance to dissociate. Accordingly, the yield of the 

nrimaty process might be expected to fall below unity. A lowered quantum yield 

+, the primary process would be reflected also in a lowered quantum yield for the 

asured overall reaction. This consideration would apply to any photochemical 

process 1n which the primary act is the formation of an excited molecule. 

Since all collisions between dissociation products would be triple collisions 

th solvent molecules, the occurrence of secondary recombination processes would 

enhanced and contribute to a lowering of the quantum yield. Such processes 

uld be true recombinations of the dissociation products of individual molecules 

her than combinations of products of dissociation of different molecules or of 

ducts produced in secondary reactions. This follows because any excess kinetic 

rey with which atoms or free radicals may be endowed, by virtue of a disso- 

ting photon of slightly shorter wave-length than corresponds to the energy 

required for dissociation, would be lost by collision before the products had moved ~ 

ch more than a molecular diameter. Recombination would then be possible if 

the products were still close together. When much shorter wave-lengths are used 

in irradiation, the kinetic energies of the dissociation products are great, enabling 

the latter to travel farther apart before losing this excess energy. The result 

would be a reduction of the chance of recombination and an increase in the quantum 

yield over that produced by the use of longer wave-lengths.? 

a In certain liquids and in solutions in non-polar solvents such as carbon tetra- 
‘chloride, it is possible that the rates and temperature coefficients of secondary 

_ processes are not far different from those in the gaseous state.2 In other cases 
there may be complications due to combinations of the solvent with the dissocia- 

tion products of the primary process. Indeed, the original solute may be solvated 
. 
a 

_ 1Franck, J., and Rabinowitsch, E., Trans. Faraday Soc., 30, 129 (1934). 

_ 2Sveshnikov, B. Y., [Acta Physicochim. U.R.S.S., 3, 257 (1935)] has discussed the theory of the 
Quenching of the fluorescence of excited molecules as dependent on the viscosity of the solvent. He 
has also considered the effect the concentration of a reactant which does not require activation_may 
have on the mean life of excited molecules. Compt. rend. acad. sci. U.R.S.S., 15, 177 (1937); Chem. 

P Abs., 31, 656 (1938). Note also Schpolski, E., Acta Physicochim. U.R.S.S., 3, 255 (1935). 

7 pa; Moelwyn-Hughes, E. A., “Kinetics of Reactions in Solution,” p. 63. Oxford University Press, 
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and give rise to further complications. Details of effects exerte ; y db ‘fts i e situation and intensity of the absorption bands.? ‘The effects 
upon secondary processes will be discussed in connection with individual eal [ a ced OE ccperatnre on the ee, siisr Siciitingh a number of salt solu- 

Dickinson 7 pointed out that as a result of these possibilities, reactio a f tly colored, have been measured by Mukerji, Bhattacharji and Dhar.!° 
liquid phase might be expected to have quantum yields less than, or in a * 7 jons, a es are in large part attributed to changes in the hydration of the solutes, 
equal to but never greater than, those of the same reactions in the gas ches © Cag The ons at higher temperatures. ! 
examined the reactions in which available data permitted a c J gsually Bove been many studies of the absorption spectra of salts in solution, , I omparis 
yields in the two states. . Of eleven reactions studied, ten exhibit aa 
liquid phase which were slightly less than those in the gas phase. 
the decomposition of ethyl iodide produced by absorption within th 

re 
of sé 

Ee ecorption of the solution being due in large part to absorption by the ions 
the cat. ‘The influence of electrostatic forces upon the magnitudes of the extinc- 

efficients in various solutions and the effects of adding foreign non-absorbing 

a 
ed yields ig 

An Exception w. 
€ continuoys oni 

eee vies ae according to West and Ginsburg,’ undergoes little decal ig have been investigated, but for present purposes it is sufficient to note that 
p € gas phase and more in the liquid phase or in solution: ip h cal a effects of these electrostatic forces may be great enough to alter markedly the 
or benzene. Dickinson, however, raised the question as to whether the e 
traces of oxygen had been entirely eliminated in this work. 

Rollefson 7 has discussed cases in which the solute is affected b 
and, in particular, the influence of the solvent, especially if polar, 
sensitization processes effected by such fluorescent substances as uran 

Absorption Spectra. Spectral evidence as to the nature of 
process—dissociation, predissociation or formation of excited molecules—js 1 
available for the interpretation of photochemical reactions in condensed gs rate 

However, the products capable of secondary reactions will be dissociation a” a 
for collisions would easily lead to the dissociation of excited molecules ucts . 

absorp tion spectra of: liquids seldom exhibit the fine structure characteris transitions between rotational levels of molecules seen in the absorption of 4 i 
and the occurrence of which was used as a criterion of the absence of orediall 
ciation. Even the more widely separated bands characterizing the vibrational] a e 
of molecules are usually but partially distinguishable. The blurring of the all 
structure is in part attributable to the effect of collisions with neighboring mal 
cules and in part to the Stark effect of the charges of the adjacent moleciifil 
The effects of collision-broadening may be lessened by making the observation 
at liquid air temperatures in some cases. This is particularly to be observed in 
the case of crystals. For example, at very low temperatures (20°Abs.) sha 4 

lines replace the broad absorption bands of potassium dichromate observable at ordinary temperatures.§ ~ 

spsorption region from that of the pure undissociated compound. The result may 

4 that in solutions the photochemically effective wave-length regions may differ 

bom those which induce the same reaction in the gas phase.! ¥ or example, the 
apsorption band of the iodide ion found at 227 3A in aqueous solution shifts toward 

<horter wave-lengths in concentrated calcium chloride solutions and in alcohol. 

Changes in the solvation of the ions are of importance in producing these effects.12 

Scheibe 1° has reviewed the causes of variations in the absorption spectra of 

solutions. 

Cations of the alkalies and alkaline earths do not absorb light, and visible or 

“itraviolet absorption exhibited by solutions of their salts is usually due to the 

anions. Other cations, as those of the transitional group of elements, iron, chro- 

‘mium, copper, cobalt, nickel, or manganese, exhibit absorption believed to arise 

from low-energy electron shifts involving the incomplete electron shell in the 

structure of these atoms.’# | 

 lectron-Affinity Spectra. The spectra of the anions, particularly those 

of the halogens, have been called “electron affinity spectra,” since it is considered 

that the electron held by the atom or radical as ion is driven off from it in the 

absorption process, rather than excited to a higher energy state.5 The iodide ion 

exhibits two broad continuous bands with maxima at about 2250 and 1950A (see 

Figure 113). The separation between these maxima when expressed as the dif- 

ference in the corresponding wave-numbers (about 8000 cm-1.) is very close to 

‘the difference between the ground state and an excitation state of the iodine atom 

(7600 cm-*.). Thus one maximum is interpreted as caused by separation of an 

electron from a normal iodine ion and the other to separation of an electron from 

an excited ion. The hydration of the ion and the hydration of the electron modify 

the results somewhat. Franck and Haber 1° have postulated that, as a part of the 

“process, the electron attaches itself to an OH group split off from a molecule of 
“hydration of the ion, a hydrogen atom being also formed. Similar considerations 
also apply to the ‘spectra of other anions, but in the more complex ones, as the 

nitrate ion, other decomposition possibilities must also be considered. Farkas 
and Farkas modify the theory by assuming that the primary process involves a 

fects 0 

y the Solver 
Upon photo, 
yl salts, 
the Primary 

In other cases, as azobenzene, the broad bands seen at ordinary temperatures 
are broken into a series of narrow but still diffuse b i TOQA° ane 
spectrum at 20° Abs. se bands at —196°C., forming a line 

Aside from the obliteration of the finer structure, the situation of the absorp- 
tion region may be either unaffected or shifted to other wave-lengths by the 
presence of a solvent. Instances in which there is similarity in absorption in the 
gas phase and in liquid solution are found in the halogens as vapors or in solution 
in carbon tetrachloride, chloroform or carbon disulfide, and for hydrogen st de 
in water and in hexane. When the solute is solvated, there may, however, be 

® Hantzsch, A., and Carlsohn, H., Z. anorg. Chem., 156, 199 (1926). 
10 Mukerji, B. K., Bhattacharji, A. K., and Dhar, N. R., J. Phys. Chem., 32,1834 (1928). 

von Halban, H., and Ebert, L., Z. physik. Chem:, 112, 321 (1924); von Halban, H., Trans, Fara- 
— day Soc., 21, 620 (1926); von Halban, H., and Eisenbrand, J., Z: physik. Chem., 122, 337 (1926). 

_ 2 Scheibe, G., with Rémer, R., and Réssler, G., Ber., 59B, 1321, 2616 (1926). 
483 Scheibe, G., Angew. Chem., 50, 212 (1937). / - 

__ 4Saha, M., Nature, 125, 130 (1930); Shibata, Y., and Harai, K., J. Chem. Soc. Japan, 56, 1 (1935); 
- Pestemer, M., and Bernstein, P., Z. anorg. allgem. Chem., 223, 121 (1935); Samuel, R., and others, » 

; Z. physik. Chem., 22B, 431 (1933); Bull. Acad. Sct. United Provinces Agra. Oudh, Allahabad, So, 257 
(1934); Trans. Faraday Soc., 31, 423 (1935); Indian J. Physics, 9, 491 (1935); Inoue, T., J. Chem. 
_ Soc. Japan, 54, 65 (1933); Chem. Abs., 27, 2382 (1933). 

4 Dickinson, R. G., Chem. Rev., 17, 413 (1935): : fi 
son, G. K., and Libby, W. F., J. Chem. Phassies, 5 69 (19375 leet ha a see also Rai 

5 West, W., and Ginsburg, E., J. Am. Chem. Soc., 56, 2626 (1934). 
6 For further discussion of the modifications of the i ; ' : . ate Kisti quantum yield of the primar which ma 

(1935), solution, see’ also Kistiakowsky, G. B., Cold Spring Harbor Somposia Quant, BVM 3 4 ), and Rabinowitsch, E., and Wood, W., Trans. Faraday Soc., 32, 1381 (1936). 0 

7 Rollefson, G. K., Chem. ’ : . é ; -_ 
(1935); Chem. Abs.. 30, 6648 eR 425 (1935); Cold Spring Harbor Symposia Quant. Biol., 3, 19 

8 Obreimow, I., and de Haas, W. J. =| magn, H. £ Phos 6 ibe 1933)" » Proc. K, Acad. Wetensch. Amsterdam, 31, 353 (1928); Schau- 
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BD ded that ultraviolet rays, and even the rays of the sun, would cause some 

ye nosition of pure oxygen-free water, with the production of hydrogen perox- 
4 oe psequient work has shown that only radiations of very short wave-length ?1 
ue, 00 A) produce any effect. Tian states that if the water contains dissolved (19 en, this may react with the hydrogen set free in the primary decomposition 
i hydrogen peroxide. Ozone, formed from oxygen, may further react with 

a drogen peroxide.2? Further work is needed. 
It has been found by Bowden ?° that if, during the electrolysis of dilute sulfuric 

cid the mercury cathode is irradiated by wave-lengths less than 4000A, there 
a 4 marked acceleration of the deposition of hydrogen. A similar effect occurs 
bch respect to the liberation of oxygen at a platinum electrode, but the threshold 
wave-length was not determined.?4 | 
- The sensitized formation of hydrogen peroxide in the presence of aqueous 
4 spensions of zinc oxide (in contact with air) when exposed to sunlight has been 

described by Baur and Neuweiler,?° who represent the process in terms of the 

molecular electrolysis” theory of photosensitization discussed in Chapter 16. 
‘The yield was said to be greatly increased in the presence of small amounts of 
glycerol, dextrose or benzidine, these added substances being simultaneously oxi- 

dized. When glycerol was employed, there was an indication of the formation 

‘of dihydroxyacetone and possibly glycerose; with benzidine, a brown, insoluble 
oxidation product resulted. When the sensitizer was eosin or fluorescein rather 

‘than zinc oxide, the formation of hydrogen peroxide could be observed only when 

‘dextrose or benzidine, but not glycerol, was present. © [% 

a The Decomposition of Hydrogen Peroxide. In solutions, the coefficients 
of absorption of hydrogen peroxide are the same as those for the vapor.26 The 
absorption, which begins between 3700 and 3800A, is but slight to 3000A, after 

which it increases rapidly with decreasing wave-length. In Figure 112, the circles 
o epresent values for the solutions and the crosses those for the vapor. Sharma 27 
concludes the abrupt termination of the absorption spectra of 3, 10 and 30 per 
cent solutions at 2055A to correspond to the dissociation H,O.+ hv — 2H + Og.?8 
‘The progressive addition of alkali displaces the absorption curves toward longer 

_wave-lengths, a limiting value of the shift (500A) being attained when the ratio 
of alkali to peroxide is one to one. The new absorption is attributed to the ion 
_HO,’, the formation of which involves a change in the mode of interatomic 
linking.?9 
It was early found that the velocity of decomposition of hydrogen peroxide in 
dilute aqueous solution increases with increasing frequency of the radiation 
-employed.*® It has been observed that with dilute solutions of the peroxide, the 
velocity is dependent on the concentration.?! Tian and also Henri and Wurmser 

transfer of the electron from the anion to a water molecule in the hydration l ; 
If no photochemical change ensues, the electron returns to the initia] state 7 
reaction occurs, the final state is reached by the transfer of the electro, “8 : Tron a 
positive ion. Thus, to. 

(I-.H3s0) + ke ——> 1.5107 
I.H2O- + (H*) ——~> 1+ H.O +H. 

Figure 113. Electron Affinity Spectrum for Iodide Ion (Franck and Scheibe 4 
Z. physikalische Chemie). a 

Lederle *” concludes, as a result of measurements of the electron-affinity spectra 
of aqueous and alcoholic solutions of alkali and alkaline earth halides, that the effects 
of temperature and solvent may be satisfactorily explained by the hypothesis of 
Franck and Scheibe. The hydroxyl ion has an absorption maximum at 1860A.18 

Since the theory of photochemical reactions in liquid systems is less advanced 
than is that of reactions in gaseous systems, the treatment of much of the material 
in this chapter is necessarily of a more descriptive and qualitative nature than 
that of the preceding chapter. On the other hand, photochemical processes in 
crystals, particularly the alkali and silver halides, are now being very actively 
studied from a theoretical standpoint. 4 

WATER AND HypROoGEN PEROXIDE q 

__ % Tian, A., Compt. rend., 156, 1063 (1913); Houben, J., and Fischer, W., Arb. biol. Reichs. Land- 
¥ Forsiw., 15, 601 (1928); Chem. Abs., 23, 2366 (1929); Coehn, A., Ber., 43, 880 (1910). 

5 _ *% See also Kernbaum, M., Compt. rend., 149, 273 (1929). 

_ * Bowden, F. P., Trans. Faraday Soc., 27, 505 (1931). 

_ See also Audubert, R., Compt. rend., 189, 1265 (1929). 
_ *® Baur, E., and Neuweiler, C., Helv. Chim. Acta, 10, 901 (1927). 
_ *% Urey, H. C., Dawsey, L. H., and Rice, F. O., J. Am. Chem. Soc., 51, 1371 (1929). 

* Sharma, R. S., Proc. Acad. Sci. United Provinces Agra Oudh, India, 4, 51 (1934); Chem. Abs., 

Water is very transparent to ultraviolet wave-lengths greater than 1950A, but 
below this its transparency decreases rapidly.1®9 Although earlier observers 2° had 

16 Franck, J., and Scheibe, G., Z. physik. ‘Chem., 4B, 22 (1928); 5B, 355 (1929); Fromherz, H., and 
Mite ah ils Z. physik. Chem., TB, 439 (1930); Farkas, A., and Farkas, L., Trans. Faraday Soc., 

b] ° 
; 

1¢ Franck, J., and Haber, F., Ber. Berl. Akad., 250 (1931); Scheibe, G., Z. Elektrochem., 35, 701° 
(1929); Sitzb. phys.-med. Soc. Erlangen, 58-59 (1927); Chem. Abs., 22, 4371 (1928). See also ; 
Dutta, A. K., Trans. Bose Research Inst., Calcutta, 10, 209 (1934-5); Chem. Abs., 32, 3263 (1938); 29, 7187 (1935) Farkas, A., and Farkas, L., Trans. Faraday Soc., 34, 1113, 1120 (1938). q meee For a comparison with the absorption of mono- and di-alkyl peroxides, see Lederle, E., and 

17 Lederle, E., 2. physik. Chem., 10B, 121 (1930). : |  Rieche, A., Ber., 62B, 2573 (1929). ae 
18 Ley, H., and Arends, B., Z. physik. Chem., 6B, 240 (1929). , _ *Bredig, G., Lehmann, H. L., and Kuhn, W., Z. anorg. Chem., 218, 16 (1934). 

19 Tsukamoto, K., Rev. d’optique, 7, 89 (1928); for data throughout the visible see Hulburt, E. O. ,. Tian, A., J. Chem. Soc., 108 (ii), 828 (1915); J. Soc. Chem. Ind., 35, 114 (1916); Chem. Abs., 
and Dawson, L. H., J. Opt. Soc. ‘Am., 24, 175 (1934) and for sea water, Hulburt, E. O., Ibid, 17, } 10, 1960 (1916). 1 
15 (1928). - — Tian, A., l. c.; Kornfeld, G., Z. wiss. Phot., 21, 66 (1921); Henri, V., and Wurmser, R., Compt. 

20 Kernbaum, M., Farm. Polsk., 16, 71 (1913); Chem. Abs., 8, 387 (1914). _(rend., for, 1261 (1913); 156, 1012 (1913). 
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believed the velocity of decomposition to be proportional to the intensity fa 
incident radiation rather than to that absorbed. Qureshi and Rahman 20g u 
however, that the rate is proportional to the square root of the light inte 4 
In recent observations, Kornfeld 3 concluded that in neutral solutions, the a 

: ‘ds are good inhibitors, bromides and chlorides have a moderate inhibitory 
nic st other inorganic salts such as nitrites, sulfates and perchlorates, have 

Bion, They found also that one hydroxyl ion inhibits as much as 25 hydrogen 
action. 

ns A. 

of decomposition produced by the 3110A line is proportional to the Product of al i Recently, Dain and Shvartz 89 concluded that the photochemical decomposition 
concentration of hydrogen peroxide and the square root of the absorbed li d defined pyetne rate equation ; | This relationship fails in acid solutions. This may have been a contrip Ss . 

Utin _ d(H2O2z) /dt = Rl (H202) %. factor in causing the divergent results of previous observers. Also Kornf 
that the quantum yield is variable and large, sometimes being as high as 80 

The presence of dust in the water used as solvent has been found to affe 
the results,°* the rate of decomposition being roughly proportional to the dia 
content. Qureshi and Rahman found the quantum yield to vary with decrease: 

> eld Note | 
a 9s © and under irradiation by a mercury vapor lamp, the rate of decomposition 

reduced to one-half by the addition of 91x10-* mole per liter of dimethyl 
Bone, of 20 x 10-* of methyl ethyl ketone, or of 26 x 10-* of diethyl ketone. The 

concentration between about seven and three, there being a maximum of eleven at. sorrection for the Lappe pees os a pana ae : A arenes ones 5 

concentration of 0.09 M. Kornfeld proposed a chain mechanism for the Teactio cos, OF Lie: velocities. onthe imubwed an oy ne cae cies AG pliounte ia the Gredenbe of sodiean entzateland saltlinie acid: ‘or sre linear functions of the ketone concentration. They believe the ketones decrease 

| He initial number of chains, rather than break those already formed. 

| g The well-known catalytic activity of lead peroxide and of platinum in the 
H.O2 + OH —— H:.O + HO: Eerrial decomposition of hydrogen peroxide ‘is said to be increased by previously 
H.O2. + O. —— O.+ OH + OH exposing the catalysts to ultraviolet light.#° Irradiation during thermal decom- 

Ct 4. Oo Eh Oe ; position increases the activity of graphite, charcoal and lead peroxide as catalysts, 
; | ; : hut may decrease that of platinum. It is suggested that electrons are transferred 

from hydrogen peroxide molecules adsorbed on inactive regions of the catalyst 

to those on active centers. 

Sensitization of the decomposition of hydrogen peroxide to visible light has 
jong been known. Kistiakowsky,** who used as sensitizer a mixture of potassium 
ferro- and ferricyanides, found the decomposition to follow a monomolecular 

course and to continue after the irradiation had ceased. According to Weigert,*? 
potassium ferrocyanide which has been irradiated will cause a reaction when added 
‘to hydrogen peroxide in the dark. The same phenomenon has been found also in 
‘the case of sodium nitroprusside by Qureshi,4® who believes the irradiation of 

this compound produces some colloidal Prussian blue which may serve as a catalyst 
for the dark reaction. ! ie | 

The quantum yield for the bromine-sensitized reaction has been found by Liv- 
ingston and Schoeld.44 to be less than unity, but Griffith and McKeown * find 
h e_yield much greater than one in blue light. They also deny the existence of a 
photo-stationary” state in this system. 

: Pa <i ; ; ‘ _ Notwithstanding the fact that the decomposition of hydrogen peroxide is so 
Strong to fairly strong inhibitors included methyl benzoate, benzamide and ‘sensitive to dust, inhibitors and sensitizers, the reaction has been employed in acetanilide.. Moderate inhibitors were hydrocinnamic acid, ethyl cinnamate,_ actinometry by Koeppe.*® However, Sostmann 47 found this method of measuring 
methyl oxalate, ethyl alcohol and benzyl alcohol. Weak inhibitors included ethyl Mons unreliable tee 
benzoate, ethyl phenylacetate, acetone, acetophenone, benzophenone and benzene. 
Acetic acid, ethyl acetate and acetamide had little or no effect. In most cases the : — Dain, B. Y., and Shvartz, A. S., Acta: Physicochim. U.R.S.S., 3, 291 (1935); J. Phys. Chem. 
concentrations of inhibitor employed ranged from 0.0001 to 0.005 per cent. Ander- mu U-5.S.R.), 7, No. 2 (1936); Chem. Abs., 30, 2109 (1936). 

38 . : se eee F ae” Fisarshevskii, L. V., Korabel’nik, R. K., ‘and Rinskaja, E. S., Bull. Acad. Sci..U.R.S.S., 7,-931 son and Taylor *® concluded that inorganic bases are excellent inhibitors, inor- _ (1934); Brit. Chem. Abs. A, 47 (1935); Chem. Abs., 29, 2433 (1935). | 
_ “%Kistiakowsky, G. B., Z. physik. Chem., 35, 431 (1901).. 

_ “Weigert, F., Ann. Physik, 24, 261 (1907). 

' #Qureshi, M., J. Phys. Chem., 35, 656 (1931). 

4 Livingston, R., and Schoeld, E. A., J. Am. Chem. Soc., 58, 1244 (1936). 
8 Heidt, L. J., J. Am. Chem. Soc., 54, 2840 (1932). 4S Griffith, R. O., and McKeown, A., J. Am. Chem. Soc., 58, 2556 (1936). 
86 Anderson, W. T., Jr., and Taylor, H. S., J. Am. Chem. Soc., 45, 650 (1923). 46 Koeppe, H., Arch. Kinderheilk., 89, 26 (1929-30). 

87 Semenoff, N., “Chemical Kinetics and Chain Reactions,” Oxford University Press, 1935. 'g q 47 Sostmann, H., Strahlentherapie, 51, 359 (1934); Chem. Abs., 29, 1012 (1935). 
88 Anderson, W. T., Jr., and Taylor, H. S., J. Am. Chem. Soc., 45, 1210 (1923); see also Mathews, 

J. H., and Curtis, H. A., J. Phys. Chem., 18, 521 (1914). ¥ 

Teasin 

H2O2 + hy ——> 20H 

In neutral solutions longer chains might account for the higher yields. Heidt 2 
using light of high intensity at 3130A, found the quantum yield to approach unity as 
the concentration of the hydrogen peroxide was decreased to low values. Ag i 
usually the case with chain reactions, the decomposition is readily inhibited by traces 
of various substances. Henri and Wurmser observed this stabilizing action oy 
hydrogen peroxide as early as 1913. Anderson and Taylor 36 noted that althoust 
many inhibitors might function by absorbing the effective rays, some of the most 
effective inhibitors did not absorb the destructive wave-lengths. Furthermore, the 
inhibitors in general acted much more effectively when placed within the solutior 
than when employed as external light filters. Subsequent work on the susceptibility 
of chain processes to inhibitors has given a new conception of the action of the lattes 
as efficient breakers of chains. This topic is discussed in somewhat greater detail 
in connection with the oxidation of sulfites, but for a more general treatment, the 
reader is referred to texts on the theory of chain reactions.37 

Among the most efficient inhibitors for decomposition of hydrogen peroxide found 
4 

by Anderson and Taylor were ethylamine, aniline, phenol and quinine salts. 

82 Qureshi, M., and Rahman, M. K., J. Phys. Chem., 36, 664 (1932). 

83 Kornfeld, G., Z. physik. Chem., 29B, 205 (1935). 

84 Rice, F. O., and Kilpatrick, M. L., J. Phys. Chem., 31, 1507 (1927). 
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od the limit for the reaction in bromides, in which the yields of free bromine 
ce jower, between 2265 and 2313A. He was unable to detect the liberation of 
:.. e from chlorides, the absorption of the chloride ion being located at wave- 
lots shorter than 1900.1 

PHOTOCHEMISTRY OF THE HALOGENS AND ALKALI Hatiprs 

The decomposition of 0.08 to 1.16 molar solutions of hydrogen iodide int a 
by a spark follows Einstein’s law.48 At the higher concentration, the quanty,», 
was, as in the gas phase, two. At lower concentrations, it dropped to one “a 

=r’ becay ~,idation of Iodides. Earlier observations of the liberation of iodine 
the hydrogen and iodine atoms liberated by absorption may recombine ag g real Be itions of potassium iodide were in most cases complicated by photo- 
of collisions with the solvent molecules which carry off the EXC€SS energy of Eis since oxygen was rarely excluded from the solutions.52. The influence 
in aqueous solutions, the specific photochemical yield, that is, the number of mo idall . upon the photochemistry of potassium iodide has been shown quanti- 
cules decomposed per gram calorie absorbed, decreased with the use of j ‘  OxyS 

ose : ; : necre aa 

wave-lengths. This is contrary to the Einstein law, since at longer wave. a 
a constant amount of energy is divided between a greater number of 
quanta and should, therefore, bring more molecules into reaction. Furthermo, 
the yields decreased rapidly as the concentrations of the aqueous solutions bE 
decreased. In highly concentrated aqueous solutions (7.5 normal) the shorill 
wave-length used (2070A) gave an apparent quantum yield greater thay ta 
To explain this it was suggested that an activated hydrogen iodide molecule mia 

react with several consecutive normal molecules. Warburg believed also that a 
iodide ion forms no free iodine when irradiated, any production of iodine resulti, 

from a decomposition of hydrogen iodide molecules. This explanation is no ; 
line with the theory of complete dissociation of strong electrolytes. The anomalo, 
effect of the wave-lengths was assumed due to the existence of hydrates of hydroce 
iodide, since in hexane solutions. the behavior was normal with respect to way 
length. r 

Subsequent to the development of the Franck and Haber theory of the prima. 
process of absorption by halogen ions, [(H,O)+hv-I+H+OH™ it becay 
evident that the low yields in dilute solution may be explained as due to a comb 
nation of the hydrogen and iodine atoms which result from this process, T 

resulting hydrogen iodide then dissociates into hydrogen ions and iodide ions, ¢ 
former combining with the hydroxyl ion formed in the primary process to yie 
water. In this way the original system present before the absorption of light 
restored. In higher concentrations, the mechanism of the primary process, cor 
trary to the assumption of Warburg, remains the same. In this case, howeve 

there are present so many I-(H,O) ions that the hydrogen atoms produced j 
the primary process may’ collide with the hydrated ions (rather than with iodine 
atoms) to produce a second iodine atom, an hydroxyl ion and a hydrogen mol 
cule. The two iodine atoms may then combine to form a molecule of iodine. 1] 
this way, the quantum yields increase with the concentration to a value of abot 
two as in the gas phase reaction.‘ | a a 

Butkov 5° studied the effect of various wave-lengths upon half-normal solu ‘ 
tions of caesium, potassium and sodium iodides, and also upon more dilute solu 1 : 

tions of the latter salt (IV/50). He found that spark lines longer than 2700ANMMMN aagnatcist® att os sheorption of Tiguid hydrogen, chloride and, concentrated Hydruchlosc acid 
failed to cause liberation of free iodine, this wave-length agreeing with the begin- 1932); 199, 1047 (1934); 200, 1663 (1935); J. Phys. Radium, 4, 449 (1933). Data for a number of 

. ; ites . ; ie ides are included and indicate that in concentrated solutions these are not as transparent to the 
ning of the absorption band of the iodide ion. Various shorter wave-length lines, Tegion 2170 to 2500A as had been assumed from measurements on more dilute solutions. See also Hiit- 
notably the 2573A line, were effective in liberating iodine. In accordance with th Ree ce), HZ: Blekivockem:, 3, 14) (1928) Milogtt ond Bennie Be tonalite 
Franck-Haber mechanism, the solutions in which iodine was liberated became | ! 44; 2 ee Fe tcee ie eee ce 

more alkaline. The quantum yields in these experiments were, however, lowet 
than those of Warburg and Rump in stronger hydrogen iodide solutions. Butkov 

ivel¥ by Krauss and Bruchhaus.?? An oxygen-containing solution on irradiation 
¥ 4.92 per cent decomposition, but a similar solution previously boiled to remove 

a ait, gave only a 0.7 6 per cent separation of iodine. 

“In testing the ability of variously colored glass bottles to protect drugs from 

action of light, Jermstad and @stby 54 employed a 2-per cent potassium iodide 
‘ution to which had been added 4 per cent of dilute sulfuric acid. This was 
posed in the bottles to be tested for one-half hour to a quartz lamp or for one 
s to sunlight. A maximum separation of 1.5 mg. of iodine after this time was 
considered permissible. Black, red and all-brown glasses were satisfactory, 

though the latter gave 1.10: mg. of iodine in ultraviolet light or 0.50 mg. in sun- 
‘ot. It is difficult to understand which components of the solution can absorb 
te wave-lengths available in such experiments, unless it might be the tri-iodide 
an It has been stated that even in darkness, hydrogen ions can catalyze oxida- 
4on to some extent. 

len of 

_ Stobbe and Steinberger °° found irradiation of alkaline solutions of potassium 
‘odide in quartz or Uviol vessels to sunlight or the quartz mercury arc to cause a 
fminution of the alkalinity, probably because of the absorption of carbon dioxide 

1 the air. If the solutions were originally but slightly alkaline, irradiation 

duced free iodine and hypoiodide. If the alkalinity was somewhat greater, 

jodate appeared also. In strongly alkaline solutions, the iodate was the only 
product. In neutral solutions there was but little reaction, but the addition of 

increasing amounts of carbon dioxide increased the photolysis through a maximum. 
e oxidation of neutral iodide solutions is a bimolecular reaction. The velocity 
ficient is dependent on the wave-length and intensity of the light absorbed. 
ncreases with time until so much tri-iodide ion has formed that the absorption 

of all available radiation is complete. 

_ According to Berthoud and Nicolet,°® the oxidation of hydriodic acid by oxygen 
in red light has a velocity which can be expressed by 

d [1-3] 

dt 
= k(KI) *(Oz) VIo (Is") (H2SOz) 

ee +9 Je y 
beth, A. K., Chem. Abs., 11, 313 (1917). In the presence of free halogen, the absorption is altered 
Decause of the formation_of trihalogen ions. Similar behavior is also encountered in alcoholic solu- 
tions, according to Job, 'P., Compt. rend., 182, 632, 1631 (1926). 

Ae Suryanarayana, K., J. Sci. Assoc. Maharajah’s College, Vizianagaram, 2, 12 (1924); Chem. Abs., 
Ch 3548 (1924); Ross, W., J. Am. Chem. Soc., 28, 788 (1906); Kailan, A., Monatsh., 34, 1225 (1913); 
whem. Abs., 8, 14 (1914). 

48 ‘s a 
Warburg, E., and Rump, W., Z. Physik, 47, 305 (1928). _. Krauss, F., and Bruchhaus, E., Z. anorg. allgem. Chem., 189, 53 (1930); Brit. Chem. Abs., A, 553 

49 Compare Farkas, A., and Farkas, L., Trans. Faraday Soc., 34, 1120 (1938). They were particu 
larly concerned with the separation of hydrogen isotopes, when heavy water was in the solvent. 

50 Butkov, K., Z. Physik, 62, 71 (1930). 

‘ 
41930) ; earlier experiments’ were due to Plotnikow, J., Z. physik. Chem., 58, 214 (1907). . 

‘y *4 Jermstad, A., and @Mstby, O., Arch. Pharm. Chem., 92, 463 (1935); Chem. Abs., 29, 7599 (1935). 

® Stobbe, H., and Steinberger, F. K., Z. anorg. Chem., 161, 21 (1927). 
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In blue light, the velocity also increases as the square root of the light intel 

The photochemical reaction has a very small temperature coefficient, which va 

believes depends in some manner upon the wave-length.°§ The influence ita 

presence of potassium dichromate and eosin in causing the separation o 
from potassium iodide when illuminated has been studied by Reychler,59 

and 49 quanta, respectively. In later work, Bhattacharya and Dhar ® 
J q that the quantum yield in the reaction with sodium nitrite varies greatly 
ite ferent temperatures and with different wave-lengths. The dark reaction is 
- wlar and has a temperature coefficient of 2.7, that of the light reaction t indi gmole’Nfrom 2.07 at 4725A to 2.35 at S500A. 

are Bryils °°: : : : : 

The conductance of solutions of sodium iodide or of lithium bromide in a a i ‘According to Batley,®” the maxima observed in the absorption of algo 

phenone, but not of the solvent itself, decreases to a constant value when aiutions of iodine at 3600 and 2900A are due to the formation of HI3. When 

Paated in the solid form on gelatin, this has a maximum at 3680A. The true 
sola e curve, determined in the presence of ozone which decomposed the hydrogen 
Bes shows only one maximum at 4770A and general absorption in the far ultra- 

et ’ Formation of the hydrogen iodides is attributed to a slow photochemical 
tion C,H;OH+1,—~CH3CHO+ 2HI, followed by an instantaneous reaction 

pH Hs 3 , , | 
* Terenin °* has studied the photochemical changes which occur in a layer of 
dine molecules adsorbed on thallium iodide. Light, particularly of wave-length 

260A, produces a discoloration attributed to photodissociation of adsorbed mole- 

Biles. The liberated iodine atoms are then bound by thallium ions. The presence 
yf adsorbed hydrogen or oxygen molecules on the surface causes marked shifts 
of the wave-lengths which are active, but nitrogen has no effect. The results are 
ascribed to photochemical reactions between adsorbed iodine and -hydrogen or 
oxygen with the formation of hydrogen iodide and of iodine oxide. 
Potassium iodate, when irradiated by short wave-lengths in a solution saturated 
with carbon dioxide, liberates iodine at a rate which is linear so long as the amount 

fiberated is small compared with the total amount present as iodate.®? In the 

presence of air, the rate of the reaction decreases slowly with time. When the 

eolution is kept saturated with oxygen, iodine is not liberated. Carbon dioxide 

, greatly increases the rate of photolysis. 
a Bromine. Bovis” finds bromine in water, carbon tetrachloride, chloro- 
form or alcohol to show two absorption maxima of which one lies at 4100A and 
the other at 2600A. Since only the former is also exhibited by gaseous and by 
liquid bromine, the band at 2600A must be characteristic of bromine in solution. 
_ Photochemical reaction between bromine and water appears to follow the 
reactions : 7 

solutions are exposed to light, and is restored to its former value when the a 

tions are returned to darkness.6® A yellow color also appeared during irradiag. 
These results were confirmed by Morgan, Lammert and Crist,§t who found at 

‘that solutions which had reached a constant conductance in glass would show 
further decrease when placed in quartz vessels. The acetophenone is also deal 
posed with the formation of some benzoic acid. The quantity of iodine liberate 
from sodium iodide under these conditions was independent of the concentratia 
of the salt, but depended upon the intensity of the radiation and the time 7 
exposure, that is, upon the amount of acetophenone which had been decompose 

The oxidation of ferrous ions by iodine, 2Fe*t+Ig—>2Fe**++ 31’, was fone 
to be photosensitive ®? in both the ultraviolet and the visible region of 5599 , 
6500A (maximum at 5800A). Iodine, being present as the tri-iodide ion, was 4 
photosensitive component of the solution, the iron salts or the iodide ion pei, 

practically inactive in the spectral regions employed. The temperature coefficies 
of the reaction is 1.17. From that of the dark reaction (2.71), it appeared +h; 
the energy of activation, 2.14 volts, was very close to a resonance potential of the 
iodine molecule (2.34v.). For the wave-length 5790A, the quantum yield yw, 
found to be unity, one molecule of iodine reacting per absorbed quantum. Kistiz 
kowsky 68 found this quantum yield given also by the wave-lengths 5460A, 436 
and 3660A, regions which Rideal and Williams had found ineffective. Th 
absence of a maximum sensitivity at 5800A lessens the significance of the rel; 
tion between the energy of activation and a critical potential of iodine noted py 
Rideal and Williams. By working with very dilute solutions at 0°C., and using 
light of wave-lengths greater than 5000A which had been freed from infrare 
rays, Ravitz and Dickinson 64 were able to show that, in the first stages of irradi: 
tion, light caused a reduction of the ferric ion by the iodide ion. 

Mukerji and Dhar ® found the reactions between iodine and such compounds 

as potassium formate, oxalate, ferrous sulfate and sodium nitrite to be acceleratec 
principally by light in the range 3160 to 4600A. The quantum yields, calculate 
for 3880A, were low in the case of potassium oxalate, ferrous sulfate and sodium 
nitrite since for the transformation of each molecule of iodine there were require 

Bre + HzO —— H*+ Br’ + HOBr 

5 HOBr + hy ——> H* + Br’ + 1/202 

The rate decreases with increasing bromide-ion concentration. | 
In light of wave-length 4360A, carbon tetrabromide is oxidized when present 
in concentrations above 0.05 mole per liter. 

86 Berthoud, A., and Nicolet, G., Helv. Chim. Acta, 10, 475 (1927); van Strachow, N., Z. wiss. 
Phot., 18, 267 (1919); Chem. Centrbl., 90 (III), 309 (1919). 4 

57 Vita, N., Gazz. Chim. Ital., 63, 211 (1933). i 

68 For comparisons of the kinetics of the photoxidation of the iodides of hydrogen and deuterium, see 

Cook, G. A., and Bates, J. R., J. Am. Chem. Soc., 57, 1775 (1935). . Co 

59 Reychler, A., Bull. Soc. Chim. Belg., 34, 236 (1925); Chem. Abs., 20, 545 (1926). See also 
Winther, C., Z. physik. Chem., A174, 41 (1935) and Tappeiner, H., Chem. Centr., I, 1793 (1906) ; 
Arch. klin. Med., 86, 478. . 

60 Dutoit, Z. Elektrochem., 12, 642 (1906); Nicollier, Thesis, Lausanne, 1907. 

61 Morgan, J. L. R., Lammert, O. M., and Crist, R. H., J. Am. Chem. Soc., 46, 1170 (1924). / 

6 Rideal, E. K., and Williams, E. G., J. Chem. Soc., 127, 258 (1925); for previous observations, 

Sasaki, N., Z. anorg. Chem., 122, 61 (1922). d ‘Brit. Chem. Abs., A, 943 (1935). 

6 Kistiakowsky, G. B., J. Am. Chem. Soc., 49, 976 (1927). © Mathews, J. H., and Curtis, H. A., J. Phys. Chem., 18, 641 (1914); J. Chem. Soc., 106 (ii), 830 - 
64 Ravitz, S. F., and Dickinson, R. G., J. Am. Chem. Soc., 53, 3381 (1931). { m (1914), : ; 

6 Mukerji, B. K., and Dhar, N. R., Z. Elektrochem., 31, 621 (1925); Bhattacharya, A. K., and — ® Bovis, P., Compt. rend., 185, 57 (1927). 

Dhar, N. R., Z. anorg. allgem. Chem., 196, 26 (1931). 7% Pagel, H. A., and Carlson, W. W., J. Phys. Chem., 40, 613 (1936). 

2CBri a> Oz a 2COBre ss 2Bre 

‘At lower concentrations, the oxygen consumption is greater. The quantum yield 
ts less than one. The reaction is accelerated by oxygen, retarded by bromine and 

i ery, A. K., and Dhar, N. R., J. Indian. Chem. Soc., 7, 709 (1930); Chem. Abs., 25, 

_. “Batley, A., Trans. Faraday Soc., 24, 438 (1928); cf. also Rabinowitsch, E., and Wood, W. C., Jbid., 
32, «547 (1936). 

® Terenin, A., Acta Physicochim, U.R.S.S., 1, 178, 407 (1934); Chem. Abs., 29, 685, 7810 (1935). 
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unaffected by bromophosgene.’? The suggested mechanism involve 
removal of a bromine atom, which requires at most 50 kcal. 
then reacts with the oxygen. 

Bromine oxide, Br.O, prepared by the interaction of mercury ox; del 
bromine in carbon tetrachloride solution, decomposes in light by the follow; 
reactions: % ~ | ‘ing 

..s0 Allmand and Webb ®! found the proportion of sodium chlorate 
pee to 53 per cent) to be independent of the intensity of illumination, 

med ‘i concentration (0.08 to 0.01 molar) and of the concentrations of 

Be sulfate and free alkali. At higher dilutions, the yield of chlorate dimin- 

“However, the yield of the latter increased with frequency of the light. 
et tum yield was about unity at 3650A, slightly higher, 1.2, at 3130A and 
ie a her, 4.7, at 2540A. The addition of electrolytes had an effect opposite 
ich Be ously noted in the case of hypochlorous acid or chlorine water. Thus, 

4 Piloride increased the quantum yield. . 
Bey iorine Monoxide. Bowen stated that light (4100-4700A) acting on 

a e monoxide in carbon tetrachloride solution 8? caused formation of chlorine 

_ gen. The quantum efficiency was calculated to be 0.81 to 1.02, on the 

4 Bon that these were the only products formed. In later work, however, 

es observed that in the gaseous state two molecules of chlorine monoxide were 

i osed by each absorbed quantum.8? In the decomposition of chlorine mon- 

ein solution chlorine dioxide appears in appreciable amounts in comparison with 
a amount of monoxide decomposed, according to Dickinson and Jeffreys.84 

ing qa method devised to eliminate the effects of the chlorine dioxide formed, 

ind that in solutions 0.014 to 0.054 molal in chlorine monoxide, the initial 

“eld of chlorine dioxide is about 0.35 molecule per quantum absorbed, The 

“4+a1 rate of the decomposition of the chlorine monoxide has a quantum yield of 

+ feast 1.8. In a given run, the amount of the dioxide formed increases less and 

Be rapidly with the number of quanta absorbed as the exposure is prolonged. 

This is possibly because the dioxide acts itself as an internal filter and also because 

+ ig also subject to photochemical decomposition. iA ] 
' Chlorine Dioxide. The depoinon HOM sae chlorine dioxide in carbon 

tetrachloride solutions (0.0346 to 0.317 molar) by blue and violet light was believed 

Bowen 8° to have a quantum efficeincy of unity. A repetition of this work by 

hods 8° which also took into account the rapid dark reaction,®” changed this 

e to two when the 4150A line was employed. The initial concentrations were 

to 33.3 millimoles of chlorine dioxide per liter. Filters were used to limit 

light to 4100 to 4200A. The filters were 30 mm. of a solution of 5.5 per cent 

obaltous sulfate (7 HO) and 8 per cent of ammonium thiocyanate and 30 mm. 

solution containing 25 per cent of copper sulfate (5 HO) and 0.04 per cent 

f quinine sulfate. 

Ss the en 
The resulting 

orid 

Br,O ---—> Brs+ 1/20, 

BrzO sf CCl, se ite COC. aig Bre = Clo. 

The maximum rate of decomposition of bromine chloride in the light te ’ 
times that in the dark. The quantum yield is of the order of a thousand 1 

Chlorine. That sunlight decomposes chlorine water with the forsiil 
of oxygen and chlorides, or under certain circumstances, of chlorites . 
chlorates, has long been known. The loss of active chlorine in bleachin :. 
tions in daylight has been found to be after 70 days in filled white eas, - 
48 to 61 per cent, in half-filled bottles, 63 to 76 per cent and in half-filleq y. 
bottles, 11 to 29 per cent.75 , He 

Free hypochlorous acid is said to be less sensitive to light than the an 
salt.“° Sunlight, diffused daylight and the lines at 3130, 3650 and 436 
appeared equally effective.77 Despite repeated and detailed investigations 
interpretation of the reaction is not yet entirely clear. Neither hydrogen pera 
nor perchloric acid is formed, the only reaction products being hydrochloric a, 
oxygen and chloric acid. To determine whether chlorine, hypochlorous acid 
its ion is the photosensitive substance, Allmand and co-workers studied the effe 
on the rate and products formed, of the addition of various salts which nf 
shift the equilibrium in the irradiated solutions. From the retarding effects ; 
chlorides “8 or hydrochloric acid and the accelerating effects of buffer salts, tt 
concluded that hypochlorous acid plays a more important part in the prim: 
process than chlorine. The latter could not, however, be excluded, so that it y 
necessary to conclude that there may be two independent primary processes a 
two reaction mechanisms. In one at least, atomic oxygen was regarded as aD 
mary product which, reacting with hypochlorous acid, produced chloric a¢ 
When chlorine water was irradiated with a filtered band of mean wave-lensth 
3650A, the quantum yield was approximately two. This was greatly decreased | 
the addition of hydrochloric acid (to 0.054 in 0.6N HCl). They believed | 
analysis of their data permitted an estimation of the quantum yield of the prima 
process (as distinguished from that of the overall reaction) as approximate 
unity. The temperature coefficient of the overall reaction was given as 14) 
Benrath and Tuchel.79 4 

The decomposition of sodium hypochlorite in neutral or alkaline solutions 1 
wave-lengths in the range 4360-2130A was found to follow a monomolecular cout, 

Since this radiation falls in the banded region of the spectrum of gaseous 

chlorine dioxide, it was assumed that activated molecules are formed. ‘These on 
sion with the solvent molecules suffer decomposition by one of the following 

Mie => Cl + Os 

10, a> ClO 

COs =» Cl +h iO + ©. 

4 80 Lewis, W. C. McC., J. Chem. Soc., 101, 2371 (1912); Spencer, L., Ibid., 105, 2565 (1914). 

&t Allmand, A. J., and Webb, W. W., Z. physik. Chem., 131, 189 (1928). 

me bowen, F. J., J. Chem. Soc., 123, 1199 (1923). 
** Bowen, E. J., J. Chem. Soc., 123, 2330 (1923). 
_* Dickinson, R. G., and Jeffreys, C. E. P., J. Am. Chem. Soc., 52, 4288 (1930). It had, indeed, been 

observed to form in the gas phase reaction by Kistiakowsky, G. B., and Bodenstein, M., [Z. phystk. &hem., 116, 371 (1925)], who believed the amounts small enough not to interfere with quantum yield 
Measurements. 

_ © Bowen, E. J., J. Chem. Soc., 123, 1199 (1923). 
*6 Nagai, Y., and Goodeve, C. F., Trans. Faraday Soc., 27, 508 (1931). 

Luther, R., and Hoffmann, R., Z. physik. Chem. Bodenstein-Festband, 755 (1931). 

2 Koblitz, W., Meissner, H., and Schumacher, H. J., Ber., 70B, 1080 (1937). 

%8 Brenschede, W., and Schumacher, H. J., Z. physik. Chem., 29B, 356 (1935). 
7 Brauer, G., and Victor, E., Z. Elektrochem., 41, 508 (1935). 

® Tuenter, J. P. A., Chem. Weekblad, 32, 429 (1935); Chem. Abs., 30, 28 (1936); see also, Fowle 
J. Chem. Soc., 94, (II), 914 (1908); Kling, A., and Schmutz, R., Compt. rend., 192, 1655 (1931) at 
ek cece R. P., and Doll, J. H., Bull. Soc. Chim., 2, 1669 (1935); Brit. Chem. Abs., A, 13 

76 Bonnet, L., Rev. gen. mat. color., 39, 29 (1935); Chem. Abs., 29, 2312 (1935). 4 
7 Allmand, A. J., Cunliffe, P. W., and Maddison, R. E. W., J. Chem. Soc., 127, 655, 822 (1925). 
78 See, however, Shilov, E, A., and Kupinskaya, G. V., Byull. IvNITI, 12, No. 6, 39 (1936); Chen 
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Abs., 31, 3288 (1937). 

* Benrath, A., and Tuchel, H., Z. wiss. Phot., 13, 383 (1913). 
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95 has stated that chlorates may be electrolytically oxidized to perchlorate 
et d solution in the presence of oxygen activated by ultraviolet rays. 

me. Oxide. This compound absorbs ultraviolet light, but according 

Fl Bee here and Klinkott 96 is not decomposed by it. Palmer %? finds that 
Ay: ie a hydrogen discharge tube on passing through a fluorite window into 

| | ght Be oepheric pressure, caused the formation of a film on the outside of the 
ClO2 + hy ——> Cl1O* . meeait at 2 and upon this film‘'a white powder. The film with metallic luster is soluble 

c+ clo cu. + 36k a Holes Bech! and is probably calcium oxyfluoride. The powder, which forms more 
2 B72 Cal. a 

a ‘diy in moist air, is insoluble in water, but soluble in dilute By REagH nS acid. 

It was believed that both of the two latter modes of decomposition required o._ 
amounts of energy (80-85 kcal. for the second and 119 kcal. for the third) oa 

available at 4150A (69 kcal.). The first reaction is endothermic to the ext 
only 2 kcal. For this reason the proposed mechanism which accounts for | 

yield of two, is 3 | , t 

Bowen and Cheung °° found the quantum yield to increase from one at 
two at 4050A or shorter wave-lengths. In aqueous solutions, the rate of phel 
decomposition was found proportional to the light intensity and the - quant 
yields were lower, being 0.2 at 4360A and unity at 3000A. Chlorine, chloride 3, 
and chlorate ions were identified. It was suggested that in solution, chlor 

dioxide undergoes predissociation at lower energy values than it does as a e 

In stable solutions prepared by washing the chlorine dioxide solutions wi 
weakly alkaline materials, Luther and Hoffmann 8® found, after a Pre-exposure + 
light, a decomposition to occur in the dark at a rate proportional to the four-thire 
power of the concentration of chlorine dioxide. They suggested that chlorin 
monoxide liberated during the exposure to light may have induced the dal 
reaction. They also observed that the photolysis in ultraviolet light is a reactio 
of zero order. Spinks and Taube find relatively large amounts of chloring 
hexoxide, chlorine heptoxide and chlorine monoxide to be formed in addition 4 
chlorine and oxygen. For a bromine-sensitized decomposition by the line 5460, 
the quantum yield is 0.2 to 0.3. a 

Chlorates. Oecrtel 91 found that under the action of ultraviolet rays the al -al 
salts of chlorates, bromates, iodates and periodates in aqueous solution decompos 
into oxygen and halogen quantitatively if the exposure is sufficiently prolonged 
Only a very small decomposition could be observed in the case of perchlorates 
The rate of decomposition of bromates was greater than that of iodates and tha 
of iodates greater than that of chlorates. Suryanarayana 92 states that neut ra 
potassium chlorate and potassium nitrate solutions liberate oxygen on exposure 
to ultraviolet, but that equilibrium is quickly established. Exposure of a mixture 
of potassium chlorate and iodide with exclusion of oxygen leads to the oxidatior 
of the iodide. | 

Solid potassium chlorate evolves oxygen when irradiated by radiations of wave- 
lengths shorter than about 2800A.93 The decomposition may also be brought about 
by the impact of 22-volt electrons, but those of lower voltages corresponding with 

case she nes : : pees HOS eee eye cocrdite: to Se ang Nai ya | _ The amides of sodium and potassium show very strong continuous absorption 
eereniye 2 hotodissociation of the crystals shows an ees a effect, linearly throughout the ultraviolet with a maximum near the long wave-length thresholds 
polarized light producing a greater effect when the electric vector is in the plame of 3800-3900A for sodium, and 3950-4150A for potassium, amide. The absorption 
of the chlorate ion than when it is along the normal to this plane. a of light by the electron-ammonia complex, being photochemically inactive, lowers 

43604 Compounps oF NITROGEN 

2 Ammonia. Pure: liquid ammonia begins to absorb at about 2500A, the 

«arption increasing rapidly and being complete at about 2350A. _ The absorption 

a reases as the temperature rises, the threshold for absorption changing from 
ae —78° to 2580A at 26°C. In aqueous solutions absorption increases with 

centration, but is always less than that of the same number of ammonia mole- 

Ries in the liquid or gaseous state. ; han 
No reaction occurs when pure liquid ammonia is exposed to the wave-length 

300A, although this radiation is capable of causing the decomposition of gaseous 

Bemonia.°° Similarly, in water solution, the yield is kept low by recombination in 

triple collisions of the dissociation products H and NH» with the solvent molecules. 
Kuhn 19° states that when ultraviolet rays of wave-lengths, 2025 to 2140A fall 

on the compound 2AgCl.3NHs3, the ammonia is decomposed. 
The irradiation of solutions of alkali metals in liquid ammonia causes a reac- 

tion producing the amide ion and hydrogen.1°! The quantum efficiency 1s.2. function 

of both the metal concentration and the wave-length. There is a. definite long 

- wave-length threshold at about 2600A and a maximum quantum efficiency at about 

-2300A. The absorption is similar to that of liquid ammonia. In solutions of the 

‘alkali metals, the metal is almost completely dissociated into positive ions and 

solvated electrons. If the electron collides with the amide radical (produced by 

photodissociation ) before the latter recombines with the hydrogen atom, an amide 

jon results and the hydrogen then has a greater opportunity to combine with 
another hydrogen atom. Since the probability that an amide radical will collide 
with electrons increases with the concentration of the latter, the quantum efficiency 

should be expected to increase regularly with the concentration, starting at Zero 
‘and approaching unity asymptotically. This was found to be the case. Since the 
‘positive ion plays no essential part in the process, the quantum efficiency should 
be independent of the nature of the metal. This was true except for deviations 

encountered with caesium. | 

8 Bowen, E. J., and Cheung, W. M., J. Chem. Soc., 1200 (1932). 
8 Luther, R., and Hoffmann, R., Z. physik. Chem., 117A,.17 €1936). 
90 Spinks, J. W. T., and Taube, H., J. Am. Chem. Soc., 59, 1155 (1937); Can. J. Research, 15B, 499 

(1937); Chem. Abs., 32, 2028 (1938). . 

1 Oertel, W., Biochem. Z., 60, 480 (1914); J. Chem. ooc¢.; 106 (i), 321- (1914). 
 Suryanarayana, K., J. Assoc. Maharajah’s College, Vizianagaram, 2, 12 (1924); Chem. Abs., 2) 

3548 (1924). , 1 
8 Meiler, J. G., and Noyes, W. A., Jr., J. Am. Chem. Soc., 52,'527 (4930). 

eno K. S., and Narayanaswamy, L. K., Current Sci., 3, 417 (1935); Brit. Chem. Abs. 4 

_ ® Mack, E. L., J. Phys. Chem., 21, 238 (1917). 
%y. Wartenberg, H., and Klinkott, G., Z. anorg. allgem. Chem., 193, 409 (1930). See also Gliss- 

~man, A., and Schumacher, H. J., Z. physik. Chem., B24, 328 (1934). 

| % Palmer, F., Jr., J. Chem. Physics, 2, 296 (1934). 

8 Briot, A., and Vodar, B., Compt. rend., 201, 500 (1935). 

+ Ogg, R. A., Jr., Leighton, P. A., and Bergstrom, F. W., J. Am. Chem. Soc., 55, 1754 (1933). 
-. Kuhn, W., Compt. rend., 177, 956 (1923); Chem. Abs., 18, 789 (1924); J. chim. Phys., 23, 521 
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the quantum efficiency and accounts for the final yield being less than unity, ; This was taken to indicate that the nitric organisms are less resistant 
work gave a direct method of detecting the NH, radical as one of the Product. 4cness: 

i -steri il treated Se ee ; 5; 5 are the nitrous organisms. A few non-sterile cultures of soi 
the photodissociation of ammonia. From thermal considerations and the abe, ht ah salts and exposed to sunlight contained slightly more nitrate and gs . 

40 
ls 

tion of the metal amides, it appeared that sodium amide is optically dissocia a am did the corresponding soils kept in darkness. These ‘small increases 
into a normal state sodium atom and a normal state amide radical and ig, therege trite er attributed to differences in bacterial activity rather than to photo- 
ionically bound. ‘ ere, HO These authors did not regard their work as eliminating the possi- 

# ion. ae ; : . 
trict jhotonitrification, but thought that photonitrification has a relatively slight 
ity Ye upon soil processes. 
fect ies. Sodium nitrite absorbs between 3000 and 4000A.144 In 2-per cent 
Nitr solution in a glass cell, the nitrite almost completely absorbs the 3000A 

quec™ though Berthelot and Gaudechon 112 had claimed nitrogen to be evolved 

Be result of the insolation of ammonium nitrite, Holmes1?!° was unable to 
Ss A any loss ot nitrite from a 2.5N solution of ammonium nitrite exposed in a e' . yessel for six hours to a 110-volt quartz mercury arc at a distance of 

Fearon and M’Kenna?° state that urea is produced by exposing ammoni, 
carbonate to rays of wave-lengths 2000 to 2500A. The yield is thought tog 
increased in the presence of malachite green. — 

In the presence of oxygen or air, solutions of ammonia are oxidized to nitrs 
when exposed at 35° to 50°C. for three to nine hours to the radiations of a mereil 
arc.1°3 Nitrates were not formed. Ammonium salts were also oxidized to nitrite 
the reaction being slower in the case of the sulfate and chloride than ip that. 

the carbonate. Corbet 1° finds hyponitrous acid to be formed as an intermedia 
product. Gion1? claimed to have observed the formation of some nitrate 
ammonia solutions exposed in quartz vessels to the radiations of a mercury ay 
The oxidation proceeded faster at lower temperatures. He claimed also that if of 
the oxygen in contact with the ammonia solutions and not the solution itself, we 
irradiated there was oxidation by the ozone formed in the gas. The reaction a 
said to be sensitized by zinc or titanium oxides. = 

According to Baur and Renz,°6 ammonia is oxidized to nitrate, and oxaj 
acid to carbon dioxide on illumination when these substances are adsorbed , 
thallous chloride. The latter is itself converted to the photochloride. a 

The acceleration of the photochemical oxidation of ammonia by natural — 
artificial humus substances 1°? or by various catalysts, such as titanium dioxi¢ 
alumina or zinc oxide present in soil, has been the subject of many observation: 
particularly by Indian chemists.1°8 Most of these workers believe that ammonit 
salts are converted through nitrites to nitrates by sunlight in soils under 4 
influence of sensitizers, but some also believe that various organic nitrogen con 
pounds, including urea, amino-acids and uric acid, may similarly yield nitrites ar 
nitrates. 7 a 

Other workers tend to minimize the importance of photochemical process. 
in the soil. Fraps and Sterges 199 found that in a large group of samples wit 
different ammonium salts,,on the average 5 per cent of the ammonia was oxidized 
in the sunlight and 41 per cent in the dark. In all cases with corresponding bac 
terial cultures, those in the dark were oxidized more completely than those in th 
light. In sterile soils there was no evidence of nitrification. Nitrites in smal 
amounts were found in cultures exposed to light, but little or none in those kept it 

er rous acid can, however, be decomposed. Mukerji and Dhar 4 found the 
velocity coefficients in both the light and dark reactions 

, 3HNO. ——> HNO: + 2NO + H:O 

x increase slowly with increasing concentrations of nitrous acid. The velocity 
was markedly accelerated by light, especially when closed vessels were used. Also, 

ie yelocity is proportional to the cube root of the light intensity, according to 

Murty and Dhar,45 who employed the wave-lengths 4725, 5600, 7304 and 8500A. 

The temperature coefficient is less than unity and the Einstein law does not apply. 

The influence of light upon the reaction between iodine and potassium nitrite 

thas been studied by Berthoud and Berger.14® The overall reaction is KNO: + I, 

+H,0 —— KNO;+2HI.:In blue light the temperature coefficient is 1.30 
hetween 35° and 45°C. The quantum yield is low, 22 quanta being required to 

‘catise one molecule of iodine to react in a. solution containing 0.1 mole of potas- 

‘sium iodide and 1 mole of nitrite.47 In the case of sodium nitrite, the quantum 
‘yield varies from 0.005 to 0.1 in phosphate buffers. The yield is independent of 

e pH, initial concentration of iodine, and rate of absorption of energy (4360A, 
5460A, 5790A), but depends on the wave-length, temperature and concentrations 
of nitrite and iodine atoms. Also, the quantum yield decreases with increasing 
jonic strength.118 | : 

_ Nitrates. The absorption of light by the nitrate ion has been’ much 
studied.4® It consists of two broad bands with maxima at 3100 and at about 

= 
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107 Zolcinski, J., Rocz. Nauk Rolniczych, 10, 311 (1923); Chem. Zentr., 96, I, 1123 (1925). 48 Holmes, M.. J. Chem. Soc., 1898 (1926). asi 

~ 14 Mukerji, B. K., and Dhar, N. R., Z. Elektrochém., 31,°255 (1925). : : 
» * Murty, K. S., and Dhar, N. R., J. Indian Chem. Soc., 7, 985 (1930); Chem. Abs., 25, 2921 (1931). 

_ 48 Berthoud, A., and Berger, W. E., Helv. Chim. Acta, 11, 354 (1928); J. chim. phys., 25, 542 (1928). 
S. K., J. Indian Chem. Soc., 12, 756 (1936); 13, 23, 535 (1936); Dhar, N. R., Tandon, S. P 1 17 Tt : a ae ie iy Biltong). “Boned Bhar. NoictZ.. Biebieeciees. dae 

+ od. : is : ce 7 Sie . + , 10,28 . was pointed out that previous work by cerji, B., an > N.,-L2. » SI, 6: Miukehi, GR Joi, 42, 67 (1088); Omagh Sv and Aoki, MJ. Sel soil Mamuge Copan) 3M & ee Os BP TE Waka neat mathe 
48 Durrant, G. G., Griffith, R. O., and McKeown, A., Trans. Faraday Soc., 34, 389 (1938). 

‘ us Scheibe; G., Ber., 59, 2616 (1926); Morton, R. A., and Riding, R. W., Proc. Roy. Soc., 113A, 
S. P., Proc. Natl. Inst. Sct. India, 3, 75 (1937); Chem. Abs., 32, 1840 (1938). " 717 (1927); von Halban, H., and Eisenbrand, J., Z. wiss, Phot., 25, 149 (1928) ; Ley, H., and Volbert, 

109 Fraps, G. S., and Sterges, A. J., Soil Science, 39, 85 (1935); Chem. Abs., 29, 4867 (1935). _F., Ibid., 23, 41 (1925); Z. physik. Chem., 130, 308 (1927); Eeckhout, J., Naturw. Tijdschr., ii, 
72 (1938) 
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The explanation is probably to be found in the detailed mechanism Z060A, separated by a minimum at about 2600A. Krishnan and Guha 120 D. osition. 
i SAL OO ee attrip, com ee ; } ; wo 

the longer wave-length maximum to dissociation into nitrite ion and ap on she recombination processes en, occur pi meinicae: men re nae or) 
atom and the second band to a similar dissociation producing an excited onl ‘ey jn accounting for the Per pair tik cee nm s cou ie fo) ies 

atom. Morton and Riding found that at concentrations greater "than 0.028 "the use of the wave-lengt , which he believed not to possess the requisite 
Beer’s law fails, the band shifting in the direction of higher extinction Coefficient for dissociation. This difficulty has been removed by a more accurate 
due to a superposed band which alone is present when very concentrated Solutio. 

On 

a ‘edge of the heat of dissociation of oxygen, which makes the present value 
ma16) ro) it . 1° 127 73 

are employed. Hantzsch and others have found that in concentrated Nitric ae “¢ the enersy required ee age eee ha ae eee ae 
or in dilute soluti f nitri i i a Al de more precise ey Ere Somborne Ol Dre Bard on ali onttates dt lee iicibaae a 31004 Bee tic light of 2537A the rates of decomposition increased at pH values 

_onochroma . . : : 
jightly above 9 to maxima between 9 and 10, followed by relatively slight decreases 
; pigher pH values. Vogels observed that the pH falls during photolysis, and 

4 : fac rate may be accelerated by tartrates or, after a delay, by manganous salts. 
tha | 

replaced by one at 2700A. This has been said to represent the absorp 
“pseudo-acid” form of nitric acid.121 

Baudisch and Mayer 1°? observed that when aqueous solutions of Potassiqn 
nitrate are exposed in a flat dish to the rays of a mercury lamp, oxygen js lines 
ated, a blue coloration from starch and potassium iodide being produced in five 4 
ten seconds. The interposition of a glass plate delays the change for twe 4 
minutes. Warburg 1*3 made the first liquid-phase quantum yield determination 
of the change of nitrates to nitrites. Since he observed that the photolysis proceed. 
much more rapidly in slightly alkaline than in neutral or in acid solutions. 4. 
employed solutions 0.00033 molar in sodium hydroxide. (This effect of pH wi 
less apparent when more concentrated nitrate solutions were used.) In 0.33 mola 
potassium nitrate solutions the values of the quantum yield were 0.25 at 20704 
0.17 at 2530A and 0.024 at 2820A. That the yields were low he explained . 
assuming that the efficiency of the dissociation is in some manner affected by a 
solvent. The fact that the yield decreases with increasing wave-length is readily 
interpreted by assuming that dissociation by larger quanta endows the dissociatioy 
products with sufficient kinetic energy to enable them more effectively to resis 
the imprisoning effect of surrounding solvent molecules which would tend to Io a 
the quantum yields by inducing a recombination. Warburg also observed that ‘at 
a given wave-length the quantum yield decreases with the concentration of the 
nitrate. | : 

250 260 280 300 320 340 360 nu 

Ll FIGURE 114. Quantum Efficiency of Monochromatic Light Absorbed by M. KNOs. 

Anderson,!*4 however, attempted to account for the low yields on the assump. fe” (buttered, pit 29). 00 Fe ge cane ered ON ee) eee 
tion that a reverse reaction may also occur, a “steady state’ being reached wher 
only a small portion of the nitrate had been decomposed. He supported this witl 
the statement that the addition of small quantities of potassium nitrite partly 01 
completely inhibited the photolysis of the nitrate. Villars 125 and also Vogels 126 
found no evidence for the existence of a “steady state” in this reaction. The 
decomposition maintains a linear rate for at least 480 minutes. Warburg calcu 
lated on the basis of the then available thermochemical data that the energy 
required to split an oxygen atom from the nitrate ion corresponds to a wave- 
length between 2800 and 3150A. The observations of Villars and of Warburg 
(Figure 114) indicate, however, that the drop in quantum yield occurs at a wave- 

length corresponding to a quantum much larger than that just required to effect the 

_ (Warburg, KNOs 0.33 M, NaOH 0:0003M) where ¢ = moles transformed per quan- 
tum absorbed (Villars, Journal American Chemical Society). 

~ Cultrera 128 finds that with mercury lamp irradiation, the reduction of nitrates 
may proceed to the formation of ammonia. 

_ The decomposition of nitrate crystals appears to be confined to a surface layer 
‘not more than 20u thick. At greater depths, recombination appears to be com- 
plete, since the oxygen cannot escape. Polarized rays with vibrations along the 

“normal to the plane of the nitrate ions are much less effective than those with » 
vibrations in the plane of the ions. In crystals, the wave-length threshold is much | 
‘shorter, 2500A.129 

Mercury nitrate also undergoes a photochemical change in aqueous solution, 
the sensitivity of the nitrate being increased by addition of alcohol or glycerol.1#° 

120 Krishnan, K. S., and Guha, A. C., Current Sci., 2, 476 (1934); Chem. Abs., 28, 6370 (1934) , - Fazal-ud-Din 131 has stated that the reduction of solutions of a number of nitrates Proc. Indian Acad. Sci., 1A, 242 (1934); Chem. Abs., 29, 1326 (1935). 

121 See also Siegler-Soru, E., Compt. rend., 183, 1038 (1926). For absorption of the crystals, see 
Rodloff, G., Z. Physik., 91, 511 (1934). 

122 Baudisch, O., and Mayer, E., Ber., 45, 1771 (1912); Baudisch, O., and Benford, F., Naturwiss., 
24, 361 (1936). 
28 Warburg, E., Sitz. Preuss. Akad. Wiss. Math. phys. Klasse, 1228 (1918); Chem. Abs., 14, 1930 

(1920); Z. Elektrochem., 25, 334 (1919). a 

124 Anderson, W. T., Jr., J. Am. Chem. Soc., 46, 797 (1924). 

1% Villars, D. S., J. Am. Chem. Soc., 49, 326 (1927). 

126 Vogels, H., Bull. sci. acad. roy. Belg., 22, 320 (1936); Chem. Abs., 30, 6650 (1936); Brit. Chem. 
Abs., A, 687 (1936). 

27 Note also Hymas, F. C., J. Soc. Chem. Ind., 50, 193T (1931). 

28 Cultrera, R., Gazz. chim. ital., 66, 440 (1936); Chem: Abs., 31, 3389 (1937); Ann. staz. sper. agrar. 
Modena, 5, 163, 175 (1936); Chem. Abs., 32, 3266 (1938). 

129 Krishnan, K. S., and Narayanaswamy, L. K., Current Sci., 3, 417 (1935); Brit. Chem. Abs., A, 
682 (1935); Trans. Faraday Soc., 31, 1411 (1935). 

130 Shijivic, S., and Nicolic, D., Bull. soc. chim. roy. Yougoslav, 6, 159 (1936); Chem. Abs., 30, 
4761 (1936); cf. Mudrovcic, M., Bull. soc. chim. roy. Yougoslav., 7, 41 (1936). ay 

381 F'azal-ud-Di ] . Agr. Sci., 6, 844 (1936); Chem. Abs., 30, 8493 (1936); see also Rao, G. G., 
and eas ke igaae Wea tice Sci. ihe a, 1 (1937); Chem. Abs., 32, 2028 (1938). 

| 



a0 354 THE CHEMICAL ACTION OF ULTRAVIOLET RAYS INORGANIC REACTIONS IN LIQUIDS 3 

(1 mg. per cc.) can be brought about by sunlight although ultraviol 
Ww V 

hows a strong maximum at 2660A.142 The photochemical reaction 
e ° e ° ° ® < he et ° J 

2 

effective. This is in line with the data of Villars. Decomposition jis IS y sochloride § ; . ; i hich may be 7. de and chlorine has an induction period w ay Db 
: ‘ Said +,  . [fur monochlori . : i f ction 1s increased by the presence of reduced nickel or carbohydrates, but not fo a ween ‘a substituting sunlight for diffused ee pani a ae 
the presence of zinc oxide. | “ Cur gened 2 in sunlight. The reaction may be catalyzed by a a 

The oxides N2O5, TeO3 and MoOgs exhibit two regions of cont pec | 

d, in each «. 

. ae ducts of the dissociation of : + dichloride is one of the final pro | ‘i 
pride Oe . by the action of light, S3Cl, being an intermediate product.14 
3 on 

tion separated by a band of transmitted radiation.182 The first ban 
is interpreted as resulting from the separation of an oxygen atom in the 8p — i lfur dichloride is heated or irradiated it undergoes fos in cane 

. : St: he ‘ i ersion a from the molecule, and the second as resulting from the separation of an ol Vhen : being that of a first order reaction. ay ene eee ae 
atom in the metastable 1D state. From the absorption of N 2O5 the heat of disson ne eon ‘s higher than after displacement by heat, probably 
tion of oxygen could be calculated to be 128 kcal, not far fro sadia m the correct 7 of 117 kcal. 

‘a Other Nitrogen Compounds. That commercial sodium cyanide made fia 
calcium cyanamide develops color in light and bleaches in darkness js attribys by Buchanan and Barsky 188 to a reversible photochemical reaction between cyan 
mide and a ferrocyanide, the latter being a contaminant. 7 

Crystalline sodium azide is decomposed by wave-lengths below 4050 
being directly proportional to the intensity.134 The threshold for deco 
bombardment with electrons lies at 11.65 volts. 
these two thresholds is apparent. 

Murarour 185 obtained only negative results in studying the effects of i 
violet light, the alpha-rays from polonium, and x-rays on nitrogen iodide, pier 
acid, lead picrate, trinitrotoluene, nitrocellulose, nitroglycerin and sym.-diethy diphenylurea.136 y 

: action of light. 
yrmation PF ek Se of I eet sulfide in water and hexane 
Bay sroer to Ley and Arends,145 practically the same absorption curve, the 
yve, accor . TB00A being attributed to undissociated molecules. Absorption iN 
jaximum, ee solutions was attributed to the HS- ion. Warburg and Rump 

a Be cs in the absorption curves in these solvents. Warburg found that ound a quantum yield for decomposition of hydrogen sulfide is 0.97 at 

in nos at 2220A and 0.96 at 2530A, the concentrations being 0.251, 0.1355 
20704, io molar. In aqueous solutions, however, the values were much lower, 
an es: at 070A for 0.015 and 0.32 for 0.0369 molar solutions. ‘At CONES Te 

gens 0.32 and at 2530A 0.22. Warburg pointed out that the difference might 

yield :. the fact that hydrogen sulfide does not react with hexane but does react 
pe By a He believed it possible to apply the Einstein law to solutions in which — 
with ye a interaction between photolyte and solvent.but not to those in which 
there 1s such an interaction. An analysis from the standpoint of the influence 
os a ight be exerted by hydrated or solvated ions upon the recombination 

processes subsequent to the primary process does not seem to have been made 

g Bites Albu and Goldfinger 147 have studied the absorption of the sulfite 

fen x Be. basis of the Franck-Haber theory of the electron-affinity pnts OL - 

as. Within the range 5000 to 1950A the absorption spectrum depends peu upon 

the pH and concentration of the solutions, and not on their age or shea O auislen 

‘ration, provided autoxidation is prevented. The absorption of dissolve un ae 

ated sulfur dioxide can be observed at pH 4 or lower. Absorption begins at 

‘and has a maximum at 2800A. The spectrum of the sulfite ion SO3”, a as is 

less electron-affinity spectrum, may be observed in solutions of pH greater than eS 

The sulfite ion spectrum has a long wave-length limit of 2660A and ae S 

‘to the process:148 SO,--(H,0) + hv > SO3,+H+OH. The mia aber 

‘theory predicts that the corresponding electron-affinity spectrum of ay perme jon 

products including (CS), CyS2 and a yellowish-brown solid (CsS2) 141 q ‘should be 1.5 to 2 e-volts to the short wave-length side of that of the su i ma 
Sulfur dichloride absorbs strongly all wave-lengths shorter than 6200A. The Tn agreement with this prediction, there was found to be no absorption y | 

q bisulfite ion at wave-lengths greater than 2250A. The long wave-length na 

of the absorption by the S,O,g~- and S,O,7 ions are 2700 and 2600A, respective 4 

No absorption by the sulfate ion could be detected. Haber and Wansbrough- 

Ae the a 

MPoOsition } 
Obviously, no relation betwee 

COMPOUNDS OF SULFUR 

Exposure of a quartz reaction vessel containing sulfur, water and air to ultr violet radiation results in the formation of various oxygen acids of sulfur. Dubrisa 
and Pallu 187 believe pentathionic acid to be the first product formed; this the 
slowly undergoes decomposition yielding sulfuric acid, sulfurous acid, sulfur an 
hydrogen sulfide. | 7 

The photochemical reaction between yellow arsenic and sulfur dissolved 
carbon disulfide results in the formation of insoluble sulfides whose properti 
differ from those of known sulfides or of a mixture of the elements.138 ) 

By irradiating mixtures of carbon disulfide and carbon tetrachloride in a Vita 
glass screened mercury vapor lamp, Doran and Gillam 139 obtained a polymer ¢ 
carbon monosulfide as a reddish-brown solid. Nicholes, Simmons and Crock 
ford,149 state that carbon disulfide is not decomposed by the 3660A line, but tha 
the 2537A line, or a mercury arc in Pyrex leads to the formation of decompositiot 

182 Dutta, A. K., and Gupta, P. K., Proc. Roy. Soc., 139A, 397 (1933). 
183 Buchanan, G. H., and Barsky, G., Z. angew. Chem., 44, 383 (1931). 
134. Muller, R. H., and Brous, G. C., J. Chem. Physics, 1, 482 (1933). . 
185 Murarour, H., Bull. soc. Chim., 53, 612 (1933). 
186 Mada, T. [Japanese P. 101,815, July 1, 1933], claims to prepare a nonhygroscopiec sodium bicar- 

bonate by raying with ultraviolet for about twenty minutes. q 
187 Dubrisay, R., and Pallu, R., Compt. rend., 193, 339 (1931). See also Calcagni, G., Gass. chim. 

ital., 65, 558 (1936); Chem. Abs., 30, 384 (1936). ; 
188 Flaenny, Ch., Helv. Chim. Acta, 13, 725 (1930); Chem. Abs., 25, 643 (1931). 
189 Doran, W., and Gillam, A. E., J. Soc. Chem. Ind., 47, 259T (1928). 

uo Nicholes, P. M., Simmons, N. L., Jr., and Crockford, H. D., J. Elsiha Mitchell Sci. Soc., 52 
51 (1936); Chem. Abs. 30, 7457 (1936) 

141 For the absorption spectrum of carbon disulfide, see Bruhat, G., and Pauthenier, M., Compt. rend., 
181, 104 (1925); J. Phys. Radium, 6, 287 (1925). 

142 Lowry, T. M., and Jessop, G., J. Chem. Soc., 1421 (1929); Lorenz, L., and Samuel, R., Z. physik. 
_ Chem., 14B, 219 (1931). 

48 Bothamley, R. P., Trans. Faraday Soc., 24, 47 (1928). 
- 44Spong, A. H., J. Chem. Soc., 485 (1934). sciehit 

oo L ., and Arends, B., Z. physik. Chem., 15B, 31 a icebine | 

Ms har, “E eae W., Z. Physik, 58, 291 (1930). Studies in dichloromethane, chloroform 

and carbon tetrachloride as solvents are due to Avery, W. H., and Forbes, G. S., J. Am. Chem. Soc., 60, 
1005 (1938). 

. | 1932). 7 Albu, H. W., and Goldfinger, P., Z. physik. Chem., 16B, 338 ( 

“8 See for another interpretation, Farkas, L., and Farkas, A., Trans. Faraday Soc., 34, 1113 (1938). 
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149 . , : ' At high inhibitor concentrations the amount of alcohol oxidized per unit 

aed See r eee Ss : ee ‘cleans of ox n) ae constant, and independent of concentration, in either the thermal or photo- 

tions there might be expected a penne les : i ae ; vi rae S secohdaag Teac SB einical oxidation. Over a considerable range of high inhibitor (isopropyl alcohol ) 

hydrogen and a combination of two SO.- mae: : - ati een to Molecyy,, : . ncentrations, the product of the rate of sulfite oxidation and inhibitor remained 

quantum yields were. h : pony teulameccnias gd S206-, a : tant, and the ratio between this product and the amount of acetone formed was 
¥ €, However, very small for the formation of dithionate ion came, 4 to 77, in the thermal and in the photochemical oxidations. From this 

being about 0.07 at pH9 and decreasing at greater alkalinities, ‘Instead “gam majority of the SOs ions formed in the primary process combine with h > the 
atoms to form bisulfite ions. | yer gem 

In the presence of air, ultraviolet (2300-2800A.) accelerates the therma] Ox} | 
tion of sodium sulfite. A 0.2N solution of sodium sulfite is completely oxide 
in light in about three hours. A particularly interesting feature is the inhibiell 
effect of small quantities of various substances. According to Mathews HHng 
Dewey 190 pyridine strongly inhibited the process when present in the cone 
tration of 5 cc. per liter. Methyl and ethyl acetate had a much weaker ofall 
Five drops of benzaldehyde per liter strongly inhibited the reaction but the —_ 
amount of glycerol produced only a slight effect. Urea had no effect. Hydul 
quinone and phenol were effective but not as much so as quinine sulfate ra 
(0.025N) produced less inhibition than did phenol (0.001N ).151 | 

Backstrom 2 reported a series of investigations on the behavior of inhibj 
particularly alcohols, which did much to explain the nature of the photoche 
oxidation and of the thermal one as well. It was shown that the photoche 
process is a chain reaction, the quantum yields in the absence of inhibitors corre. sponding to an uptake of about 50,000 molecules of oxygen per quantum absorheli Since in general, the inhibitors of the photochemical reaction also inhibited the 
thermal one, it followed that the latter was a chain reaction as well. The role qd the inhibitor in both cases consists in the breaking of chains, probably byl . 
induced reaction between the inhibitor and one of the reactants. Attention was 
devoted to the mechanism of the inhibition and to the length of the chains whell 
broken rather than to the nature of the chains, since the work was done beforal the theory of the electron affinity spectrum had been developed. . 

The rates of the light and dark reactions could be represented by the formulas: 

4 followed that in a solution of a given composition the chain length is the same 

! Ba ciher the chains are formed thermally or photochemically. 

M A solution 0.1 with respect to benzyl alcohol gave a quantum yield of 64 

es of oxygen or 128 of sulfite reacting per quantum. From the amount of 

formed it was determined that the number of molecules of sulfite oxidized 

"for each molecule of alcohol oxidized was 38, of the same order of magnitude. 
This indicates that in the process of breaking a reaction chain, 2.2 molecules of 

"the alcohol are oxidized. In other words, the induced oxidation of benzyl alcohol 

fas a quantum yield of 2.2. It was later found by Backstrom 1° that light intensity 

~ enters into the rate equation as approximately the half power, both in the numera- 

yor and in an additional term in the denominator. The reaction had a pH depen- 

~ dence which suggested that both sulfite and bisulfite ions must be concerned in the 

~ mechanism. When oxidation occurs, the primary SO; probably forms an inter- 

mediary SO; ion which dehydrogenates the bisulfite ion, present at the effective 

pH, producing a sulfate ion and reforming the SO) ion which can again be 

oxidized. The inhibiting action of the alcohol is due to its induced oxidation, 

probably by the assumed SO; ion. 

Allmand and Maddison 454 believed that light of ordinary wave-lengths has 

no effect on the rate of oxidation of sodium sulfite in solution. Titoff 155 found 

that copper sulfate is without effect upon the ultraviolet reaction, but catalyzes 

the reaction in ordinary light. Franck and Haber 4® postulate that the effect of 

the copper ion is to start the thermal reaction by forming the ion SO; the same 

ion as that later found by Backstrém to be the primary product in the photo- 

reaction.157 | 

_ Persulfates. That aqueous solutions of potassium persulfate are light- 

sensitive was demonstrated by Dhar 158 and Elbs and Neher.!9 

‘Tn a series of investigations, Morgan and Crist 16° found that the reaction 

could be expressed by the equation: 

; molectl 

acetone 

Sucroge 
= 

tors, ; 

mica] 

Mica] 

ky 

RC + ke 
V tent = RsVaark and V axe 

in which 1, ky and kg are constants applicable to all alcohols as inhibitors, Rk is a | 
specific constant for each inhibitor and C is the concentration of the inhibitg ; 
The form of the equations suggested that the presence of the alcohols did not 
affect the rate of starting the chains so that the inhibitors function solely by | breaking the chains. The constant ky indicates that some chains may be broken — 
by processes independent of the presence of added inhibitor. In the case of the 
thermal reaction it was shown that the alcohols were oxidized in breaking the — 
chains. The amount of oxidation of alcohols could be determined by colorimetric — 
measurements of the aldehydes and ketones produced. At low inhibitor concentra- — 
tions the amount of alcohol oxidized increases with increasing alcohol concen- — 

K2S20s + H2O0 ——> 2KHSO.z + 1/202 

In very dilute solutions, the order of reaction was unimolecular, as is the thermal 

reaction which occurs at higher temperatures. In concentrated solutions which 

absorbed all the light, the reaction was of zero order. Increasing the oxygen 

183 Backstrom, H., Z. physik. Chem., 25B, 122 (1934). 

154 Allmand, A. J., and Maddison, R. E. W., J. Chem. Soc., 650 (1927). 

155 Titoff, A., Z. physik. Chem., 45, 641 (1903). 

156 Franck, J., and Haber, F., Sitzber. Preuss. Akad. Wiss., 250 (1931); see also Albu, H. W., and 

von Schweinitz, H. D., Ber., 65B, 729 (1932). x . Re 

ig i i n efforts to employ ultraviolet light in the preparation of sulfuric 

acid. ihes Te ee ae Gc SOC hate Ind., 28, 90 (1909) ; British P. 17,520, 1908; | 

J. Soc. Chem. Ind., 28, 982 (1909). German P. 203,541; Chmura, T., Chem. Age, 13, 327,307 (1925); 
British P. 237,257; de Sotto, G. E., British P. 265,857, July 20, 1926. No practical applications have 

been made. . 
158 Dhar, N. R., Proc. Akad. Vetensk., 23, 308 (1920). 

159 Elbs, K., and Neher, P., Chem. Z., 45, 1113 (1921). 

160 Morgan, J. L. R., and Crist, R. H., J. Am. Chem. Soc., 49, 16, 338, 960 (1927). 

149 Haber, F:, and Wansbrough-Jones, O. H., Z. phystk. Chem., 18B, 103 (1932). 
160 Mathews, J..H., and Dewey, L. H., Eighth J . 

20, 247 (1912); J. Am. Chem. Soc., 39, 633 (1917). APPE Chem Sect. IX, Orig. Com 
151 Mathews, J. H., and Mason, R. B. . 

iene at or ene ee » J. Phys. Chem., 30, 414 (1926) later erroneously stated the | 

152 Backstrom, H., J. Am. Chem. Soc., 49, 1460 (1927): Medd. K inst., 6 No. 16 (1927); Backstrém, H., and Alyea, H. N., J. ym oo ob ao i 
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concentration did not reverse the reaction. Hydrogen and nitrogen a Mixed with gelatin and applied to paper and dried in the dark, 
PPeared | ! e 

exhibit an accelerating effect. Potassium persulfate absorbs only wave-lene. ae oa in photography, developing warm sepia tones when exposed under 

shorter than about 2500A in a 0.01M solution and 3000A in a 0.1 sola pcan -_ Not all samples of lead arsenite possess this property. No other 
The upper limit of the radiations effective in producing the decompositig litio , nes? arsenites are light-sensitive.” 
probably at about 2900A and the maximum sensitivity at about 2309 A 4 etal ied determinations have been made by Weigel 1” of the absorption of 

reaction was proportional to the light intensity, and the temperature coeff a a d the electrical conductivity of realgar when the crystal is exposed to light 

was 1.18, compared with about 3 for the thermal reaction. The rate of re 7 light - wave-lengths. Fragments of realgar exposed to direct sunlight for 112 

was retarded by the addition of potassium hydroxide, potassium sulfate or sul ‘ ee chind sheets of glass of various colors showed the greatest change with a 

acid. The retardation was not due to internal filtering, was hyperbolic and a 7 hours Jass of maximum transparency near 520p. 

7 Breet! © antimony oxide in hydrochloric or tartaric acids and of antimony to be of the same general nature in the presence of various added electrolyte, 
The quantum efficiency was unity in 0.05 molar neutral or alkaline solutione iil 

wave-lengths used being 2540, 2650 and 3020A.161 In acid solutions the ai h 

of the quantum yield are somewhat reduced. Solid potassium persulfate is .4. 
decomposed by ultraviolet light. als 

Marmier 1°? has reported that decomposition of aqueous solutions of sodiur 
thiosulfate results in the formation of sulfur and hydrosulfite. The latter lur 

rapidly decomposed by ultraviolet and after an exposure of 75 minutes under + 
conditions of observation no traces remained. 4 

Ammonium Thiocyanate. Holmes 163 observed that freshly prepared Con 
centrated solutions of ammonium thiocyanate exposed to ultraviolet light in olan 
containers evolved a gas and developed a reddish color which soon faded, 1, 
quartz containers, sulfur separated from the solution. Werner and Bailey 16. 
suggested that the photoreaction involved only the production of ammonia ap 
thiocyanic acid, the color being due to traces of iron as impurity. This theory 
was corroborated by Patten and Smith.65 According to these investigators 
light accelerates oxidation of the iron so that the latter can react with the thio 
cyanate. Wave-lengths less than 5400A produced the coloration, those betwee 
4000 and 4300A being the most effective. Sharma 166 considered the color to § | 
due to a loose additive complex of ferrous thiocyanate with oxygen. q 

Shorter wave-lengths (3000-1850A) can decompose thiocyanates of ammoniun 
sodium or potassium with liberation of sulfur, according to Jablezynski an 
Jablezynska.1®* The reaction is believed to be reversed in the dark. J 

The velocity of solution of amorphous selenium is increased by light but tha 

of monoclinic selenium is not affected.168 , 

BM golutions of | 7 or tartaric 
. chloride in saturated sodium chloride solution in ordinary glass vessels are . 

: tochemically oxidizable by sunlight.172 Light of shorter wave-length is required 

a case of solutions of antimony trioxide or of tartar emetic in sulfuric acid, 

im antimony trichloride in carbon tetrachloride and in saturated calcium 

a ride solution. The amount of oxidation depends on the kind of solution, wave- 

eth and intensity of the radiation and concentrations of antimony and of oxygen. 

r In carbon disulfide, white phosphorus is converted by light into red phosphorus, 

q dissociation and recombination being involved.t% 

When boron hydride, ByH jo, is kept over mercury at room temperature, it 

slowly undergoes decomposition with the formation of the hydride, BoHe. oe 

- decomposition is accelerated greatly by ultraviolet rays, but not by sunlight. 

-] 

i 

| 7 

_- Under the influence of light, copper combines with chlorine 175 but not with 

‘promine or iodine; with oxygen, but not with sulfur ; with water, but not with 

hydrogen sulfide; with ammonia, but not with phosphine or arsine. Aqueous 

solutions of the chlorides or sulfates of gold, silver, uranium, copper, nickel, 

chromium and cobalt were reported by Berthelot and Gaudechon 16 to be unaffected 

by ultraviolet radiation. The sulfates of nickel and cobalt gave a slight brown 

“precipitate, attributed to the presence of traces of iron. Solutions of ferrous sul- 

fate gave a precipitate of the basic salt. Pure ferric sulfate did not give a pre- 

 cipitate but in the presencerof nickel or cobalt sulfate precipitated the basic salt. 

Urbain and Scal177 stated that the pasasge of rays (from an arc) through tetra- 

chlorides of titanium, tin, or carbon, caused a marked decomposition, chlorine 

METALS AND SALTS 

ARSENIC AND ANTIMONY CoMPOUNDS : _ being liberated. | 

A method of depositing metals has been advocated by Jacquier.17° The process 

comprises precipitating metals from solutions of their salts by treatment with ultra- 

violet rays in the presence of aluminum. Mercury vapor lamps are suspended 

between aluminum plates in the tank containing the solution to be treated. 

Light is believed to facilitate the reduction of some metallic oxides. Actinic 

rays are said to promote the interaction of oxygenated compounds (¢.g., cal- 

cium phosphate), barytes or bauxite with chlorine in the presence of a reducing 

An account of the investigations on the source of the glow of arsenic at higt 
temperatures is beyond the scope of this work.1®9 Lead arsenite is photosensitive 
When dried in an air-bath in the dark, it remains white, but when exposed to light 

161 Crist, R. H., J. Am. Chem. Soc., 54, 3939 (1932). 

162 Marmier, L., Compt. rend., 154, 32 (1912). 

163 Holmes, M., J. Chem. Soc., 1690 (1926). 

164 Werner, E. A., and Bailey, K. C., J. Chem. Soc. 2970 (1926); more complicated theories of th 
origin of the color were suggested by Holmes, M., and by Bhatnagar, S., Dunnicliffe, H., and Ali, M, 
J. Indian Chem. Soc., 4, 229 (1927). 

16 Patten, C. G., and Smith, H. D., Trans. Roy. Soc. Canada, 22, 221 (1928). 

166 Sharma, B. S., J. Chem. Soc., 308 (1930); see also Rao, S. V., J. Chem. Soc., 880 (1934). . 

167 Jablezynski, K., and Jablezynska, H., Roczniki Chem., 10, 579 (1930); Chem. Abs., 25, 877 (1931) 
168 Shidei, J., Hashizuma, S., and Kitahara, S., Bull. Chem. Soc. Japan, 10, 374 (1935); Brit. Chem. 

Abs., A, 1331 (1935); Sterzel, S. E., and Afzelius, I., Svensk Kem. Tidskr., 49, 281 (1937); Bri 
Chem. Abs., A (1), 90 (1938). | 

169 Emeléus, H. J., J. Chem. Soc., 783 (1927). For phosphorus, Emeléus, H. J., Nature, 115, 46 
(1925); J. Chem. Soc., 1336 (1926); Emeléus, H. J., and Purcell, R. H., J. Chem. Soc., 788 (1927) 
Petrikaln, A., Naturwiss., 16, 205 (1928); Miller, C. C., J. Chem. Soc., 1823, 1829 (1929). 

170 Reissaus, G. C., Z. angew. Chem., 44, 959 (1931). 

171 Weigel, O., Tech. Min. Petr. Mitt., 38, 288 (1925); Chem. Abs., 20, 3268 (1926). 

172 Brill, W., with Schlagel, H., Z. anorg. Chem., 217, 401 (1934). 

178 Rathenau, G., Physica, 4,.503 (1937); Chem. Abs., 31, 6560 (1937). 

174 Stock, A., and Friederici, K., Ber., 46, 1959 (1913). 

“5 Berthelot, D., and Gaudechon, H., Compt. rend., 157, 129 (1915). 

M6 Berthelot, D., and Gaudechon, H., Compt. rend., 152, 376 (1911). 
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agent such as carbon. At temperatures between 200° and 1000°C., inorganic h a 
are said to be secuired.179 auc 

The yellow amorphous modification of indium oxide is sensitive to light 4 
in the presence of some reducing agents as benzaldehyde. The color of the oll 
changes from gray to dark gray or black. Also, some reduction Products 
formed. Selenium oxide is not sensitive under the same conditions,1890 ¢ Krauss and Gerlach 181 found that the preparation of iridium halides ba } 
action of the halogens upon iridium or its hydroxide could be hastened by im 
action of light. tr 

Hibben 18? observed that some large crystals of magnesia became tin 

nd many acids. It was as a result of the study of this 

pees A crass Geral the law which bears his name.19° Winther es 
eaction ” ueous solutions of ferric chloride, when free from organic matter, 

gund that a a very slight reaction. Puxeddo1%? reported that the reaction in 
Bie Ser follows a monomolecular course. At the end ot reaction, the ether 

psols rtially chlorinated. ; | 

- d Sohoni 193 studied the influence of temperature, light intensity, 

: aan Bical salts on the decomposition of ferric chloride in alcoholic solu- 

e Bie Bee riice coefficient is 1.0 to 1.15. In anhydrous solution a steady 

ndergo © 

te él jon. i i ° ible. Small amounts of water purple on exposure to the 2537A line. On removal from the light, sponta es is eo Peace Ae Sati aoe ara ioe the total amount of decolorization occurred in several weeks at 25°C., or in three minutes at 1009¢ increase the initia iia . ties of the chlorides of magnesium or the alkalies are It was accompanied by emission of light throughout the visible spectrum, 7 eduction. Minute at : =e of light intensity have a more pronounced influence first effect was ascribed to a type of electron migration, and the later effects to etrongly inhibiting. Variati g 
recombination. It may be related to the presence of impurities since not 
behave alike. The 4358A line decolorized the purple crystals in thirty 

Light from a carbon arc accelerates the rate of evolution of hyd 
dilute sodium and potassium amalgams in water.184 

Iron Salts. That ferrous hydroxide and sulfate are more rapidly oxidize, 
in light than in darkness was first made known by Chastaing.185 The ferroys ia. 
when irradiated with wave-lengths shorter than ZI00A, is oxidized to ferric a 
and hydrogen is evolved. 2 

dl rate of the reduction in dilute solutions than in more concentrated ones. 

pe the tum yield varies from 0.6 to 4 in various alcohols, including methyl, 

i vl be butyl.194 The quantum yield increases with the concentration of 
ethyl, Se chloride the frequency of the light and the temperature. These workers 
the . roducts to be ferrous chloride and chlorine, no side reactions occurring 

s i iu first two hours. In later work, it was observed that in dilute solutions, 
pathin ctions may take place, each of zero order.19° The initial velocity of the 

a. Bein in dilute solutions is proportional to a power of the concentration, 

. om ends on the nature of the solvent. In concentrated solutions, however, 

ie Bt velocity is independent of the concentration of the ferric chloride. It 

e Batieved unlikely that the primary process involved a photodissociation.1%° 

ere may be either an activation of ferric ions which then react with the alcohols, 

or an activation of a molecule of ferric chloride, which then reacts with a second | 
Meiecuic to yield ferrous chloride and chlorine, the latter attacking the alcohols. 

‘Either mechanism would give a quantum yield of two. 

Jn studying the influence of light upon the decomposition of ferric iron prepara- 

tions containing citric acid, a decomposition which sometimes causes the agus 

‘to be blown from bottles by the accumulation of carbon dioxide, iy and Gerwe - 

‘reviewed the work on the reduction of ferric salts by organic acids in lig t. 

Eder 198 and de Vries 19 found ordinary light to effect the reduction of ferric 
salts in the presence of oxalic, citric and malic acids. A small amount of pepe 

chloride oxidized a great excess of acid. Neuberg 2° made an extensive study ) 
the action of both sunlight and ultraviolet light upon sixty substances in the 
presence of ferric salts and uranic salts. Fry and Gerwe found that three moles 
‘of carbon dioxide were produced for each molecule of ferric sulfate reduced. No 

all crygt 7 

Minutes. 18 

Togen frog 

Fe + HOH + hy ——> Fe** + H + OH- 

The quantum yield in aqueous solution is 0.05. The primary process is follower by a combination of two hydrogen atoms, which occurs in competition with the reverse reaction. The activation energy of the latter is 7 kca].186 dl 
The color of hydrochloric acid solutions of ferric chloride increases on exposure 

to sunlight or other sources of intense light.187 On removal from the light, the 
solutions slowly return to their original condition. Increased light absorption 
also results from heating a solution of ferric chloride. A crystal of ferric chloride 
shows, in addition to general absorption starting at 5000A, a sharp band at 6200A, from 50 to 100A in width.188 : . 

In alcoholic solution, ferric chloride is readily bleached in light by reduction 
to the ferrous salt, a reaction discovered by Bestucheff in 1725.189 The reaction 
is best conducted in the presence of organic substances, either as solvent or added 
to the solution, or bound in complex form to the iron, since these organic com- 
pounds can be oxidized by or react with the chlorine liberated in the photochemical 
decomposition. A wide variety of organic reducing agents have been studied, 

| ; orvdntn dD ; . Chem. Soc., 28, 790 (1906); Schneider, M., Z. phystk. chem. Unterricht., 39, 
oe) Benvath, ae Z. ae Chem., 74, 115 (1910); Ghosh, J. C., and Mitra, B. N., J. Indian 

Chem. Soc., 5, 191 (1928); Chem. Abs., 23, 21 (1929). 
191 Winther, C., Z. Elektrochem., 18, 138 (1912); Z. wiss. Phot., a 60: (1912); 9, 205 (1910). bat ; 9 °9 . ; . 3 1922 

a 1922 Pyuxeddu, E., Gazz. chim. ital., 50, 154 (1920); 52, 229 ( 
4 198 Bid M., and Sohoni, N. V., J. Indian Chem. Soc., 8, 489 (1931); Chem. Abs., 26, 378 Sai 

(ind asad, M., and Limaye, P. S., J. Indian Chem. Soc., 10, 91, 101 (1933); Chem. Abs., 27, 388 
£933). 
195 a M., and Mohile, B. V., Proc. Natl. Acad. Sci. India, 6, 261 (1936); Chem. Abs., 31, 1298 

37), | | 
196 Bes M., Mohile, B. V., and Nigudkar, K. D., J. Univ. Bombay, 5, Pt. 2, 142 (1936); Chem. 

meavs., 31, 3790 (1937). . : 

; 97 Fry, H. S., and Gerwe, E. G., Ind. Eng. Chem., 20, 1392 (1928). 

198 Eder, J. M., Monatsh., 1, 755 (1880); Ber., 14, 1183 (1881). 

199 deVries, H., Rec. trav. Chim., 3, 365 (1884); Chem. Zentr., 56, i219 . (1885). 

200 Neuberg, C., Biochem. Z., 44, 495 (1912). 

179 British P. 302,927, Dec. 22, 1927, to Naamlooze Vennootschap Elektrochemische Industrie; Chem. Abs., 23, 4304 (1929). 
a 

180 Renz, C., Helv. Chim. Acta, 15, 839 (1932); Chem. Abs., 26, 4754 (1932). 
181 Krauss, F., and Gerlach, H., Z. anorg. allgem. Chem., 147, 265 (1925). 
#orFlibben, J. H., Phys, Rev., 51, 530 (1937). 1 : 

“worn effects of visible light and x-rays on lead oxides, see Hoffmann, J., Z. anorg. Chem., 228, 160 

8 Bhatnagar, S. S., Prasad, M., and Mukerji, D. M., Quart. J. Indian Chem. Soc., 1, 263 (1925); Chem. Abs., 19, 3429 (1925). -¥ 
185 Chastaing, P., Ann. Chem., 10, 145 (1877). : 
186 Potterill, R. H., Walker, O. J., and Weiss, J., Proc. Roy. Soc., A156, 561 (1936). 
187 Ritchie, K. S., J. Phys. Chem., 32, 1269 (1928). 
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of sodium azide inhibits the formation of these products, and under 

ditions the yellow potassium ferrocyanide is oxidized directly to the dark 

assium pentacyanoaquoferrate ion. In an air-free system, the iron atom 

ferrocyanide is activated by light in consequence of the mobilization 

presence 

violet pot 
‘of potassium 

carbon monoxide formed. They proposed a mechanism in which the Citric 20m 
is converted into hydrogen, carbon dioxide and acetone-dicarboxylic acid. Th 
latter immediately decomposed to yield a second molecule of carbon diox / . . . : : ‘ ide ang 
acetoacetic acid, which in turn, yielded a third molecule of carbon dioxiq, “4 
acetone. ‘The ferric sulfate was believed to aid the oxidation of the hydroesil & its secondary valences. The original inactive compound is rapidly reformed 

formed in the first reaction. The summation of the reactions gave the stoichel a the dark. In the presence of air and light, peroxo-compounds possessing unusual 

metrical ratio between ferric sulfate reduced and carbon dioxide produced which ; oxidizing powers are produced in addition to the usual ferric and ferrous complex 

was found experimentally. It is to be noted that the sequence of events was stated 
to depend upon an action of the light directly upon the citric acid rather than y 7. 
the ferric salt. From the preceding discussion, it is evident, however, that in mat . 
cases in which ferric salts are photochemically reduced in the presence of organ "4 
matter, the light acts primarily upon the ferric salt. Lal and Ganguli 201 reported 
that the rate of reduction of ferric salts in the presence of a mercury arc as source | 
was proportional to the light intensity. Reduction was strongly accelerated py 
traces of thorium, uranium, copper and zirconium salts.2°? | " 

Ferrocyanides and Other Complex Salts. A reversible color change occurs i | 
solutions of potassium ferrocyanide in sealed tubes exposed to light. Only after 
months is there some precipitation of ferrous hydroxide.2° Equilibrium condj- 
tions for a 0.25-per cent solution of potassium ferrocyanide in water are reached — 
aiter an exposure of thirty minutes to an arc.2°* With exposures of sixty minutes — 
the percentage decomposition decreased from 0.23 per cent to 0.10 per cent as the 
concentration of the salt was decreased from 7.67 to 3.07 gm. per 100 cc. A further — 
decrease in the concentration of the salt to 1.53 gm. per 100 cc. resulted in atin 
increase in the decomposition to 0.40 per cent. Up to a certain amount, the _ 
presence of potassium hydroxide aids the decomposition, but larger amounts 
decrease decomposition to the value found for neutral solutions. Complete revers. 
ibility of the reaction was shown after the first exposure to light and darkness, - 
but with successive equal exposures the amount of decomposition increased, and 
the reversibility of the reaction decreased. Baur 2°5 found oxygen to accentuate 
the darkening in color of ferrocyanide solutions on illumination, although dark-— 
ening occurs also with deaerated freshly prepared solutions. In acid solutions, — 
Prussian blue forms. If the ferrocyanide solution is passed through a column of 
granulated aluminum, the original yellow color disappears, and the solution — 
ceases to be photochemically sensitive. These facts were interpreted as indicating ’ 
that the ferrocyanide ion itself is photochemically insensitive, the light reaction | 
being due to the photodecomposition of the ferricyanide ion always present in 
small quantities. : | a 

Baudisch 7°° observed that ferrous ions, as well as pentacyanoaquoferrite ions, i 
are produced when solutions of potassium ferrocyanide, neutral or feebly acid with — 
carbonic acid, are exposed to the carbon arc or to direct sunlight in the absence ) 
of air. In the presence of air and light, the yellow ferrite ions are immediately 
oxidized to the dark violet pentacyanoaquoferrate ions, which react with the first 
named ions to form complex compounds that have a pale yellow color. The — 

oe Dickinson and Ravitz 2°7 state that systems containing the ferro- and ferri- 

anide ions together with the iodide ion and iodine, are sensitive to light not 

‘ BE orbed by the complex cyanides. When light was directed into such an equili- | a m mixture, the concentration of titratable iodine increased. The photochemical 

reaction was believed to be a reduction of ferricyanide to ferrocyanide by iodide, 
the absorption being almost entirely by the tri-iodide ion. One molecule of iodine 

was formed for each quantum absorbed. In discussing the possible mechanism 

of the reaction, these authors suggested the possibility that an iodine atom might 

react with an iodide ion to produce the ion I> which might then serve as the 

ucing agent for the ferricyanide. | 

It is the opinion of Schwarz and Tede 2° that potassium ferricyanide is not 

; appreciably sensitive to light, decomposition taking place to a very slight extent 

after intense illumination. The change consists in hydrolysis to aquo-complex 

salts and ultimately ferric hydroxide, and_also in the oxidation of hydrocyanic 

acid to cyanogen with the production of potassium ferrocyanide. In the case of 

potassium cobalticyanide, the reaction is 

red 

KsCo(CN)e« + HzO ——> KsCo(CN),OH + HCN 
and . 

KsCo(CN).s + H2O ——~ KCN + K2Co(CN)5H:0. 

_ The corresponding chromium compound behaves similarly to the cobalticyanide, 
put the manganese compound is rapidly decomposed in the absence of light into — 
- manganic hydroxide, hydrocyanic acid and potassium cyanide.? : 

__ Pavolini 219 observed that when paper is coated with a solution of 5-per cent 
potassium ferricyanide and 5-per cent ammonium molybdate, a print can be made 
on exposure to sunlight. The exposed print can be fixed in water acidulated with 

_ I-per cent hydrochloric acid. If, on the other hand, these compounds are added to 
a gelatin or gum arabic solution, the gelatin is rendered insoluble by the decom- 
position products formed on exposure to light. This mixture produces the same 

result as do dichromates. | 
A weak source of light is capable of increasing by about 10 per cent the rate 

Of oxidation of hydrazine by the ferricyanide ion. ‘The effective rays are those 
absorbed by the ferricyanide.?4 
An aqueous solution of sodium nitroprusside when exposed to sunlight in an 
open vessel is decomposed into hydrogen cyanide, sodium nitrite and Na,Fe.(CN )¢, 201 Lal, P., and Ganguli, P. B., Z. anorg. allgem. Chem., 229, 16 (1936). ;: : : ° : ° ae is en bal the latter, in the presence of sodium hydroxide, being converted into Prussian 202 See also Burt, J. B., J. Am. Pharm. Assn., 17, 650 (1928) and Purkayastha, R. M., J. Indian — 

Chem. Soc., 9, 237 (1932). 

_ 708 Baudisch, O., and Bass, L., Ber. 55B, 2698 (1922); Chem. Abs., 16, 4137 (1922). For the absorp- 
tion spectra, see Plotnikow, J., and Karschulin, M., Z. Elektrochem., 33, 212 (1927); Getman, F., J. 
Phys. Chem., 32, 187 (1928); Briggs, S., J. Chem. Soc., 99, 1019 (1911); 117, 1026 (1920); J. Phys. | 
Chem., 32, 1422 (1928). 

204 Rossi, G., and Bocchi, C., Gazz. chim. ital., 55, 876. (1925); 

20 Baur, E., Helv. Chim. Acta, 8, 403 (1925). 

206 Baudisch, O., Ber., 62B, 2706 (1929). 

207 Dickinson, R. G., and Ravitz, S. F., J. Am. Chem. Soc., 52, 4770 (1930). 

208 Schwarz, R., and Tede, K., Ber., 60, 69 (1927). 

Ne observations on sodium nitroferrocyanide, see Justin-Mueller, E., Bull. soc. chim., 2, 1932 
1935). . 

210 Pavolini, T., Corr. fot., 26, 723 (1929); Chem. Abs., 24, 2958 (1930). 

211 Gilbert, E. C., J. Phys. Chem., 35, 3631 (1931). 



364 THE CHEMICAL ACTION OF ULTRAVIOLET RAYS INORGANIC REACTIONS IN LIQUIDS 365 

218 finds that, under suitable conditions, as in the presence of ethyl 
nol, dichromate solutions are affected by light absorbed by the dichromate. 
oho’, creasing acidity, the oxidizing power of the dichromate solutions in dark- 
jith ses so that the apparent action of light decreases. ma 4 B etions. between potassium dichromate and gelatin under the influence of 

cht have been studied and have been applied in photography. The photochemical 
ve anism is not yet understood, and no attempt will be made to review the early 

blue.2?2_ If the exposure to sunlight takes place in a closed vessel, nity 
evolved. | 

The precipitates formed on mixing a concentrated aqueous solution 
_ nitroprusside with aqueous solutions of silver nitrate, mercuric nitrate 

sulfate, suffer change after exposure to sunlight for ten minutes.2138 
Potassium permanganate and potassium dichromate are very stable 

ultraviolet light.214 

1c OXid e WV forton 

of Sodiy, 

> OF term 

towarg 

Although the chromates of ammonium, potassium and sodium are unaffecte Bk on the nature of the reaction. According to Plotnikow and Karschulin,?19 

by sunlight in the absence of substances capable of oxidation, in the Presence a a reaction begins at S9S0A, reaches a maximum at 9000A and then decreases to 
such substances the photochemical reduction of the chromates and dichromat. it 2400A, at least in the case of films sensitized with potassium dichromate and 
occurs rapidly under the radiations of an arc light.2%% The reduction results s iresy! blue, 2BS. On the other hand, Eder 22° found the action of light on 
either a brownish precipitate or a green solution according to the Properties ~ ‘promated gelatin to begin at 550my, to reach a maximum between 470 and 430mu, 

i gi to become very slight beyond 380myp.2#1 Popovitzkii 72" states that from the substance which serves as reducing agent. In some cases there is an evolutig . ; 
° ° ° e it J ° ° ° 

of gas, either ammonia, in the case of ammonium chromates, or carbon dioxid sariier work of Eder, it is known that gelatin so transformed represents a com- 
According to Bhattacharya and Dhar,?!® the orders of the reactions betwee nound with chromium salts, no organic oxidation products entering the compo- 
chromic acid and the following acids in sunlight and in darkness are, respectively «ition. Popovitzkii suggested the formula 4Cr.O03°3CrO, for the chromium complex, 
citric acid, 2, 2.5; tartaric acid, 2,3; lactic acid, 3, 3. Manganous sulfate accelerate which agreed better with the analytical results than the formulas Cry03:2CrOg 
most of the reactions and, except in the case of tartaric acid, reduces the orde; or CrgO33CrO3 suggested by Eder and Lumiere Brothers and Seyewetz. In 
With decrease in the order of the reaction, the temperature coefficients of the order to employ the Werner coordination number of six for chromium compounds, 
velocity coefficients usually rise. The temperature coefficient for the photochemje, the formula given above should be doubled. Two photochemical reactions might 
reaction is always greater than unity but less than that of the dark reaction win pe written to account for its formation: 
the same acid. In all cases, several molecules react for each quantum absorbed 4 | 
the number increasing with increase in the concentration and with the tem 
perature. The rate of reaction with or without manganous sulfate is direct] 
proportional to the intensity of the incident radiation, except in the reactions wit] 
citric and tartaric acids in the absence of manganous sulfate, the rates of whic} 
are proportional to the square root of the intensity of the radiation. q 

Forbes and Leighton 1” electrolyzed 0.006 to 0.05N chromate solutions ig 
normal and three normal sulfuric acid between platinum electrodes at varioy 
current densities, comparing the yields obtained in the light of a 1500-watt quart: 
mercury arc and in darkness. At an illuminated cathode, a 0.5 per cent greatey 
efficiency was observed. Part or all of the increased efficiency could be attributec 
to local heating in a thin diffusion layer at the cathode. An absence of any increase 
in yield in light would be compatible with the existence of light-sensitive chromate 
if the latter is equally reactive electrochemically before and after photoexcitation. 
Granting, however, that the slightly greater electrochemical efficiency in light may 
be due in part to excited chromate, it would be impossible to estimate the quantun 
yield without making certain assumptions, especially one regarding the life of 
the excited molecule, upon which would depend its chance of reaching the cathode. 

4 

i 16K2CrO. .CrOs ——' 16 2CrO, ss 8CreOs a © 120). 

¥ 6KsCrOu.. CrOs ——> 6KeCrO. + 6CrOs. 

Tt is presumed that the gelatin having absorbed but not combined with the liberated 
oxygen can enter into combination with the 8 Cr ,O, and 6 CrOs, with greater 
ease. Galinsky °° suggests that the change resembles a protein denaturation, 
‘although no change in the Hausmann numbers or in the digestibility was detected. 
_ The decomposition of chromyl chloride by light into CrO, and chlorine, from 
‘the nature of the absorption spectrum, requires wave-lengths shorter than 4200A.224 

Tin Compounds. The molecular absorption coefficient of a solution con- 
taining 32.7 gm. stannous chloride per liter and 0.811N in hydrochloric acid corre- 

‘sponds to complete absorption for wave-lengths shorter than 2850A, partial absorp- 

3650A. Stannous chloride solutions do not follow Beer’s law, probably because of 
‘the formation of such absorbing complexes as HSnCls and H.SnCly in the presence 
of increasing amounts of acid. Quantum yield determinations indicate the photo- 
‘chemical oxidation of such solutions to be a chain reaction. Both the photochemical 
‘and the thermal reactions are similarly affected by accelerators and inhibitors so 
that the same chain mechanism probably applies to both.225 
In benzene solutions, the absorption spectra of stannic iodide exhibit maxima 

which indicate a dissociation yielding an unexcited iodine atom at 3650A and an 
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tion from 3020 to 3340A and complete transmission of wave-lengths longer than ~ 

*1 For a general discussion, see Schémmer, F., Phot. Rundschau, 63, 120, 138: (1926); Eldd, E.., and! 
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239 Pougnet 249 exposed a solution of mercuric chloride in a 
excited one at 2850A. In ethyl alcohol, the latter dissociation occurs por lamp. He found that the tube became cloudy 

ury va : 3 
In methyl alcohol, no maxima are evident.?*® 

Certain stannic acids produced either as a result of changes 

at 29 d rc 

; ‘ately because of the formation of calomel. After thirty minutes, 
| 3  : di 

.OCCUrring ae d been decomposed and the calomel began to darken. After seventy 
gelatinous orthostannic acid or formed by the action of nitric acid on tin 9a er cent ha ‘tion reached 48 per cent, the reaction ceased, indicat- 

a blue coloration on exposure to the ultraviolet rays of sunlight in the —_ ‘tes, When the decomp ey ‘ble i 

of certain organic reducing agents, as tartaric, citric and oxalic acids or ali “the reaction to Ber rewetstbie. +). ' hao cheats 

This action is irreversible and is accompanied by decomposition of the dl Ir solutions of mercuric ehioniste of relatively low Ee oat . e sf sr 

agent without visible evolution of gas. The blue color is stable and permanall a fcal ae Pe “en es pce pers as ia ae 

i Nt - : ©. Le . ’ 

Pe ee The latter ea oe eae oer nee a ae Conditig ae # pack with the amount of mercuric chloride and then diminishes. 
_orthostannic acid does not give the coloration.??7 

According to Harada,?28 the formation of the substance ((CHs) 

4 jncreases a e x 
* maximum rate appears to be attained when the salts are present 1n equimolar 
ities (3 molar). Under these conditions, oxygen does not affect the reaction, 

a e is a large excess of ferrous chloride, it reduces the quantity of 
gon), 

(CHg)gSnl-H,0O, by the action of sunlight on tin trimethyl iodide (trimethyjic i 
: : : Or then ther ; , 
stannane), does not take place unless tin tetramethyl is present. | ; it obtainable The most effective wave-lengths appeared to be cheebes tie 

Mercury and Its Compounds. About 1924-5, Miethe”” and Stammreich 220 cla SOA. : 
to effect the transformation of mercury into gold by the use of a new type of 7 
vapor arc with very high energy input. Nagaoka, of Tokyo,™ indepen dent ae 

similar claims, which for a time were accepted by Haber. Miethe believeg sf cc 
obtained one part of gold from 100,000,000 parts of mercury, and Nagaolealll 
passing high tension sparks between pure tungsten points and mercury under a 
fin, claimed to have increased the yield ten thousand times. A sample of 
prepared by the latter is said to have been placed in the American Museyy - 
Natural History.’ Honigschmid and Zintl*® reported Miethe’s material to hava 
atomic weight of 197.26. The claims called forth a number of papers,** some of vid 
contained further confirmatory claims and others of which speculated as to the natn 
of the intranuclear transformations. The Siemens Works attempted the bombardme 
of mercury surfaces by electrons in high vacuum, and even patented certain process 
for effecting the transformation.” y 

Doubts were soon raised on many sides. Tiede, Schleede and Goldschmidt,”** fo, 
that mercury purified by two vacuum distillations was free of gold and gave no. cold | 
Miethe’s process and Aston *” rejected the claims on theoretical grounds. Many worker 
subsequently reported failures in attempts to duplicate these experiments.*S Fur 
discussion of reported transmutations of metals by ultraviolet radiations is unnecessary 
since the energies required are greater than are available from the usual sources , 
ultraviolet. - 

“When an alcoholic solution of hydrogen sulfide is gradually added to mercury 

slides in suspension or in solution, complex compounds of the general formula 

xX »2Hgs result. These compounds, of various shades of red and yellow, 

:. dily undergo a color change in direct or diffuse daylight, regaining their orig- 

nal colors in darkness.?42 

{ Mercuric iodide, in solutions less than 1.5 molar in potassium hydroxide, is 

converted into the unstable dark red HgI,-HgO, which decomposes into mercuric 

nxide, but is unaffected by light.243 In more alkaline solutions (2-6 molar), there 

formed a white complex, 3HgI,-HegO-3KOH, which is decomposed into HgO 

light. In solutions stronger in alkali than 7 molar, there is formed a white 

mplex, Hgl2:2 (or 3) HgO-XKOH which,\ when dried, is slowly decomposed by 

light. 
Be Liippo-Cramer 244 finds that red mercuric iodide present with gum arabic in a 

eelatin film is light- and color-sensitive, forming a developable latent image. 

Fs Cinnabar is blackened by ultraviolet light,24> but the nature of the reaction has 

not yet been explained. Cropp 7*6 attributed it to a decomposition into the 

elements. 

- Mercurous sulfate also darkens rapidly and independently of the presence of 

“air. Skinner 247 does not believe there to be production of mercury and mercuric 

salt and suggests that a dark subsalt or a polymeric modification may be formed. 

Halogen mercury thiocyanates are phototropic, and complex halides of mer- 

; cury such as HgIBr, HgICl and HgBrCl, are somewhat less so.?48 

_ Cobalt and Nickel. The differences in color of aqueous cobalt salts under 

a 

Ether solutions of mercuric chloride (10 gm.) after exposure to sunlight i 
sealed bottles for a period of five months formed 3.2 gm. of calomel containing a 
organic substance; the ether contained hydrogen chloride, aldehydes and chlori 

1 

226 Grant, M., Trans. Faraday Soc., 31, 433 (1935). 

227 Billen, F., Ingenieur chimiste, 9, 60 (1925); Chem. Abs., 21, 1933 (1927). qj 

228 Harada, T., Bull. Chem. Soc. Japan, 2, 105 (1927). ; 

229 Miethe, A., Naturwiss., 12, 597 (1924); Chem. Abs., 18, 3139 (1924); Naturwiss., 13, 635 (1925), 
230 Stammreich, H., Z. anorg. allgem. Chem., 148, 93 (1925); 150, 350; 158, 185 (1926). a 

231 Nagaoka, H., Ind. Eng. Chem., News Ed., 3, 1 (1925); Naturwiss., 13, 682 (1925). ‘wl 
232 Science, 62, 1617 (1925). 4d 

238 Honigschmid, O., and Zintl, E., Naturwiss., 13, 644 (1925). a 

284 Retschinsky, T., Physik. Z., 26, 280 (1925); Bernhardt, F., Physik. Z., 27, 713 (1926); Gasch 
ler, A., Z. Elektrochem., 32, 186 (1926); Kaul, L., Metallbé : . angew. Chem? 3, 8297 C024), ) etallbérse, 14, 1432; von Antropoff, A., Z. an i 

235 French P, 598,140 (1925), to Siemens-Werke A.-G.; British P. ; aw 

248,318, 1925. sritish P. 243,670, 1925; 247,508, 1925, am 
286 Tiede, E., Schleede, A., and Goldschmidt, F., Ber.. 59, 1629 (1926); Riesenfeld, E., and Haase, W: MM Brossct, C.; Naturwissen., 24, 813 (1936). 

Ber., 58, 2828 (1925); Miethe, A., and Stammreich, H.; Ber., 59B, 359 (1926). MP Cropp, W., Proc. Austral. Inst. Met., No. 52, 289 (1923). 

ie Li a W., Fe ake Dec. 19, 1925; Riesenfeld, E., and Haase, W., Ber., 59, 1625 (1926). Me S Proc. Cambr. Phil. Soc, 12, 260. (1904):. ,.Chem. Soc., 86-1, 173 (1904). 

iutti, A., an oggio-Lera, E., Giorn. chim. ind. applicata, 8, 59 (1925); Garrett, M. W 48 For further discussions of phototropy in other complex mercury compounds, see Rao, S. V. R., and 

at toe. (1926); Proc. Roy. Soc., 112A, 391 (1926); Shelton, H., and Estey, R., Phys. B Watson, H. E., J. Phys. Chem. 32, 1354 (1928), and Ro, E. L., Vaisnant K., and Narasimhaswami, 

and: Lotz Ke B ee "30, 1649. (1936) fisher, eye "y peta He hee Se ee ) rhe: “ . F Nature, 124, 303 (1929). Slight decomposition is believed to account for the yellow to brown 

4: Fig * } > se, JaenICke, j., an a » ES 26) 5 olor wa Sens s 

Z. anorg. Chem., 153, 153 (1926); Wolfers, F., J. chim. phys., 24, 727 (19275, er , ormed on the irradiation of mercury fulminate by A. Borocco, Compt. rend., 207, 166 (1938) 

' *° Puxeddu, E., Gazz. chim. ital., 59, 160 (1929). 
& 20 Pougnet, J., Compt. rend., 161, 348 (1915); J. Soc. Chem. Ind., 34, 1053 (1915). 

_ 41 Winther, C., Z. wiss. Phot., 11, 60 (1912); Chem. Abs., 6, 2042 (1912). 
_ +42Varalalu, T., Ram, A., and Rao, B., J. Sci. Assoc. Maharajah’s College, Vizianagaram, 1, 107 
— (1924); Chem. Abs., 18, 3529 (1924). 
_ *8Montignie, E., Bull. soc. Chim., 2, 290 (1935); Brit. Chem. Abs., A, 458 (1935). 
+244 Tiippo-Cramer, Phot. Korr., 65, 97 (1929); Chem. Abs., 25, 885 (1931). 



368 © THE CHEMICAL ACTION OF ULTRAVIOLET RAYS INORGANIC REACTIONS IN LIQUIDS 369 

various conditions have been the subject of a great number of investi Sations al factors and probable ring formation in the case of the oxalato-residue. 
these lie beyond the scope of the present text.?49 | q emic haltpentammine series, the sequence is carbonate, chloride, oxalate, sulfite, 

Baly — finds that on exposure to daylight in the air, nickel carbonate reversin r phe ate (equal to sulfate). The exceptional position of the chloride ion is 
darkens in color, due to the production of Ni,Og or nickel hydroxide. Extracts itrite, a non-complex character. The presence of water molecules in the complex 
of the blackened material with warm water yielded a small amount of forma] a ne to 31S the tendency to hydrolyze. The complex compounds of chromium are 
hyde, and on evaporation of the filtrate, it was claimed that there w : ncreases ere fo, table and more subject to photochemical change than are those of cobalt. 

AT} . s the nickel salts of some organic acids and some carbohydrate. Simi . : ar “resyts _ nd Molybdenum. The light-sensitivity of the reduction of ° . 
LG . 1 sten a y ° y *qe ° Ge Pao ek ae caret, ae acanaratemnte I ; a ee acid by glucose to a blue product was studied by Vasilief-Sinzova.257 Obalt trinitrotriammine in acid solution decomposes completely to Cobaltoy e.. reduction appeared to follow a monomolecular course. The light-sensitivity salts both in light and in darkness. In the dark reaction, there are two Stace 

each being a unimolecular process. The intermediate product is light-sensitn 
radiations of 3660A causing decomposition with a quantum yield of 0.37.251 a 
the other hand, the photodecomposition of the cobalt trinitrotriammine appeared + 

_take place in one stage, the velocity, unlike that of the dark reaction, being ind 

pendent of the acid concentration. The quantum yield is 0.2 (3660A) and th, 
temperature coefficient 1.03 for the velocity. q 

On illumination of a solution of racemic K3Co(C,04)3 by dextrocircularh 
polarized light (5890A), the cobalt compound becomes levorotatory.252 ‘hb 
decomposition of this compound (0.02-0.002M) by 4360, 4050, 3660 and 3130A i 
a reaction of zero order, according to Murgulescu,253 who formulates it ‘ 

* freshly prepared solutions of tungstic acid increases with increase of the con- 
Bt ration of added hydrochloric acid up to 0.47 normal, and then decreases, 
serhaps because the number of molecules of H,_WO4 sensitive to light increases 
oR the coagulating effect of the acid predominates. Rad . 
" Underlying these observations is the fact that when aqueous solutions of alkali 

| tes are gradually acidified, amorphous precipitates of hydrated forms of tingosta s 6 os . 
i n trioxide are finally obtained. Before the precipitate is actually formed, +n ste : a A is ‘ . stymerization changes occur in the dissolved tungstic acid, hexatungstic acid 

Sine first produced. With the addition of more acid there is a further polymeriza- 
tion to metatungstic acid, which is probably a diparatungstic acid, and in the 

presence of other acids, such as arsenic and phosphoric, heteropolytungstic acids 

are formed. These changes have been followed by light absorption and diffusion 
‘methods.?°§ Such reactions have been made the basis of a patent for ultraviolet- 

‘sensitive layers suitable for actinometric purposes.*°® The layer contains com- 
pounds of molybdenum, tungsten or thallium, together with an oxidizable sub- 
‘stance as glucose, made slightly acid by hydrochloric or citric acids. On 
exposure to wave-lengths shorter than 4000A, the layer changes from white to blue. 
~ Hanzawa 76° described a chemical actinometer using ammonium molybdate 

jn dilute hydrochloric acid containing small quantities of ethanol. Ghosh and 
Bhattacharya **! find the photochemical reduction of tungstic and molybdic acid 
sols by alcohol to be of zero order, The velocity constants were found to decrease 
i in sols which had aged, but the velocity constants of the latter could be increased 
to values greater than those of fresh sols by heating at 70°C. for eight minutes. 
In the presence of univalent ions the sols are in light sensitive. According to 

Co( C204) —- hp ——> CO (C204) 2 sw (CsO.)’ 

Co(C20.) a mh (C.0,) "==> (C20.) < + 2CO2 + Co( C20.) 2” 

in agreement with Jager and Berger, but not with Vranek.254 | 
The hydrolysis of aqueous solutions of hexamminecobaltic chloride, nitroam 

minecobaltic chloride, cis and trans-dinitrotetrammine cobalt, the two forms 9 
trinitrotriamminecobalt, and cis-tetranitrodiamminecobalt are greatly accelerates 
by light.2°° The cobalt separates, except from dilute solutions in which it remain 
as sol, as brownish-black cobaltic hydroxide, nitrite ions remaining in the solu. 
tions. The photochemical decomposition of all these nitritoamminecobalt com: 
pounds is an irreversible reaction of the first order in which the wave-length 
3660A is most active. Increase in the number of nitro-groups in the nucleus 
diminishes the photochemical stability; trinitrotriamminecobalt occupies an inter- 
mediate position because of its electrically neutral nucleus. Among stereoisomeric 
salts, the trans compound is the more stable. The velocity of reaction is about 
one and one-half times as great in acid as in neutral solutions, but is largely inde- 
pendent of the pH. According to Schwarz and Tede,?5® the stability of the com- 
plex nucleus diminishes with increasing electroaffinity of the codrdinately united 
anion, in the decreasing order, carbonate, oxalate, nitrite, bromide, chloride, sul- 
fate. The inverted position of the oxalate and nitrite ions is attributed to stereo- 

_ Sachs,?°* the best method for the preparation of molybdenum blue is the reduction 
of a solution of sodium molybdate, acidified with hydrochloric acid, by formic acid 
in the light of a mercury arc. Hydrogen may also serve as the reducing agent.263 
_ When exposed to sunlight in a sealed bottle, an ether solution of titanium tetra- 
chloride turned brown during the second day, and ultimately became green. On 
_ low temperature evaporation of the solvent, the mixture became violet, suggesting 
y the green and violet modifications of titanium trichloride. 

| - The Rare Earths. Boll 264 studied the rate of hydrol sig of tetrachloro- 
249 Mazetti, C., Gazz. chim. ital., 56, 589, 595 (1926); Hantzsch, A., Z. anorg. Chem oe y y an . ., 159, 273 

(1927); Vaillant, P., Compt. rend., 189, 747 (1929); Brode, W. R., Proc. Roy. Soc., 118A, 286 (1928); 
Brode, W. R., and Morton, R. A., ibid., 120A, 21 (1928); Brdicka, R., Collection, Czechoslov. Chem. 
Comm., 2, 545 (1930); Chem. Abs., 25, 467 (1931); Howell, O. R., and Jackson, A., Proc. Roy.. Sot. 
142A, 587 (1933); Macwalter, R. J., and Barratt, S., J. Chem. Soc., 517 (1934). ‘| 

a0 Baty, H.C. C., Phot. J., 72, 474 (1932). 

251 Luther, R., and Frieser, H., Z. Elektrochem., 36, 141 (1930). 

252 Tsuchida, R., Nakamura, A., and Kobayashi, M., J. Chem. Soc. Japan, 56, 1335 (1935); Brit. 
Chem. Abs., AI, 318 (1937). 

253 Murgulescu, I. G., Bul. soc. stiinte Cluj, 8, 193 (1935); Chem. Abs., 30, 4402 (1936). 

4 Vranek, J., Z. Elektrochem., 23, 340 (1917). 
255 Schwarz, R., and Weiss, H., Ber., 58, 746 (1925). 

256 Schwarz, R., and Tede, K., Ber., 60, 63 (1927). 

Beye cilicf-Sinzova, A., J. Chim. Ukraine, 1, 425 (1925); Chem. Abs., 20, 2792 (1926). 

*8 Jander, G., Majert, D., and Aden, T., Z. anorg. Chem., 180, 129 (1929). 

__~) Sheppard, S. E., and Eberlin, L. W., U. S. P. 1,934,451, Sept. 11, 1933, to Eastman Kodak Co.; 
_ Brit. Chem. Abs., B, 873 (1934). 

#60 Hanzawa, T., J. Agr. Chem. Soc. Japan, 6, 1093 (1930); Chem. Abs., 25, 2643 (1931). 

8. Ghosh, S., and Bhattacharya, A. K., J. Indian Chem. Soc., 7, 717 (1930); Chem. Abs., 25, 252 
fea}! Bull. Acad. Sci. United Provinces Agra Oudh, India, 2, 29 (1932); Chem. Abs., 27, 2097 — 

a toachs, D., J. chim. phys., 29, 474 (1932). : . 

**8 Krauss, F., and Bruchhaus, E., Z. anorg. allgem. Chem., 189, 53 (1930). 

_*f Boll, M., Compt. rend., 156, 138 (1914); J. Chem. Soc., 104, ii, 171 (1913);° “For data on various 
Platinum complexes, see Lifschitz, I., and Froentjes, W., Z. anorg. allgem. Chem., 233, 1 (1937). 
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se which was capable of oxidizing iodide ion to iodine. In the use of platinic acid when submitted to radiations of different energy, the amoype. d for photosensitization of the decomposition of silver salts to 
radiation reaching the solution being controlled by a cell containing a dilute a 
tion of caffeine, the concentration and thickness of the caffeine layer being y * 
A later study by Boll 2% of the reaction in very dilute aqueous solution show “| 
progress of the photochemical reaction by measuring the increase in the elegl a 

e gas pha 

und silver peroxide to be formed as an intermediary product. In the 
conductivity of the solution. , oe a mercuric chloride to calomel by zinc oxide in sunlight, four to fifteen By the action of hydrogen and short ultraviolet rays, Krauss and Bruchhayg d required for a notable transformation; the reaction attained a stationary ~ 
reduced a brown solution made by dissolving ruthenium hydroxide in hydrochlons days fivhen the reaction is of zero order, it is greatly accelerated by dextrose 
acid to a bright, transparent, orange-colored solution, containing bivalent ua 4 sucrose. In the presence of air, the sensitizing action of zinc oxide on the 

nium. Colorless liquid ruthenium pentacarbonyl in light evolves carbon mono a Be ciysis of calomel consists in the simultaneous oxidation and reduction of the 
and produces orange-red, pseudo-hexagonal plates of Rug (CO) . | Tig lati 
when dissolved in glacial acetic acid become lilac in sunlight.267 q 

Ultraviolet light causes the liberation of oxygen from a 0.1 molar Solution 7 
ceric perchlorate in molar perchloric acid. The quantum efficiency is at Fre 
about 0.1. Since the perchlorate ion is not decomposed, the following mechanijen 
was suggested by Weiss and Porret.268 a 

Bhattacharya and Dhar?" listed twenty-nine reactions sensitized by zinc 
Ad including among others, the separation of gold from its chloride, the oxida- 
oxi # otassium iodide by potassium persulfate, oxidation of sodium nitrite by 

... Pidation of hydroxylamine or of hydrazine by iodine, decomposition of 
BB ccstic oxide, and decomposition of aqueous solutions of potassium perman- 
a otassium persulfate. 
. ge for si inactivity of many samples of zinc oxide, Jung and 

Kunat 275 studied samples prepared by various methods. Only those obtained by 

a g the nitrate proved to be active which suggested that’ a zine oxynitrate 
ther than the oxide might be the true photosensitizing agent. McMorris and 

ekinson 276 identified nitrogen dioxide as the gaseous product formed in small 

Bentity when zinc oxide (prepared from the nitrate ) is strongly illuminated, . 

a stream of oxygen, by the mercury arc radiations filtered through water an 

‘Pyrex glass. Baur?" held that on the absorption of energy, zinc oxide is con- 
verted into a “phototrope,” one-half of which is capable of oxidizing a amcor 

“substance, while the other half reduces the same substance. Such a conception o 

jntramolecular electrolysis is however, unnecessary for the explanation of photo- 

‘sensitization by zinc oxide, since it has been found that a gaseous oxidizing agent 

is liberated from zinc oxide on irradiation. 

Cet - hy ——> Ce (excited), 

Ce**** (excited) + H:;O —— Ce** + H+ + OH 

OH + OH —— H:.O + O ‘roastin 

The accumulation of Ce*++ retards the reaction, probably by the loss of an electroy 
to the OH molecule with formation of Cet*++ and the hydroxyl ion. a 

Uranium Compounds. Uranium is the only element other than the rare 
earths, whose compounds exhibit line absorption spectra.269 ? 

An acid mixture of solutions of sodium hypophosphite and uranyl sulfate 
remains unchanged in darkness, but when exposed to light, rapidly deposits a 
green colloidal precipitate containing 54.5-56 per cent of uranium and 15.75-] ie 
per cent of phosphorus, and consisting of hypophosphite with some phosphite and 
phosphate, mixed with sodium phosphate and uranous sulfate.270 _ . 4 

Frequent examples of the use of uranyl salts as photosensitizers will be found 
in other chapters, particularly in connection with the photochemical behavior of 
the organic acids. Rousseau 271 subjected salts or solutions of salts of uraniu Ag 
manganese, iron or nickel to the action of solar or ultraviolet radiation, and then 
added the irradiated salts to liquids in which photocatalysis or the sterilization or 
activation of ferments is to be effected. q 

Zinc oxide has also been widely employed as a photosensitizer. Winther 21a 
found that when certain samples of zinc oxide were strongly illuminated, in the 
presence of air, by light filtered through ordinary glass, a substance appeared in 

28 , J. chim. phys., 23, 97 (1926). 
a a A. ag har, N. R., Quart: J. Indian Chem. Soc., 4, 299 (1927); Chem. Abs., 

22, 915 (1928). | 
_ +5 Jung, G., and Kunau, E., Z. physik. Chem., 15B, 45 (1931). 

_ 26 McMorris, J., and Dickinson, R. G., J. Am. Chem. “Soc., 54, 4248 (1932). 

27 Baur, E., Trans. Faraday Soc., 21, 627 (1925); see also ages 16. 

205 Boll, M., Aun. Phys., 2, 54, 266 (1914); J. Chem. Soc., 108, ii, 123 (1915). 
66 Krauss, F., and Bruchhaus, E., Z. anorg. allgem. Chem., 189, 53 (1930). 
67 Manchot, W., and Manchot, W. J., Z. anorg. allgem. Chem., 226, 385 (1936). 
68 Weiss, J., and Porret, D., Nature, 139, 1019 (1937). 
69 Details of the absorption and fluorescence spectra of uranium compounds are given by van Heel, A., — 

Comm. Phys. Lab. Univ. Leiden, Suppl. No. 55B to Nos. 169-180 (1925); Chem. Abs., 21, 3311 (1927)30e Ephraim, F., and Mezener, M., Helv. Chim. Acta, 16, 1257 (1933); Ghosh, J. C., and. Mittra, B. Na 
Quart. J. Indian Chem. Soc., 4, 353 (1928); Levshin, V. L., Bull. acad. sci., U.R.S.S., Classe Sch. 
math. nat., Ser. Phys., No. 2, 185 (1937); Chem. Abs., 31, 8380 (1937). For the photochemical libera- — 
tion of fale from potassium iodide by uranyl sulfate solutions, see Montignie, E., Bull. soc. chim, 5, — 
564 (1938). 

270 Dienert, F., and Villemaine, F., Compt. rend., 199, 1113 (1934). See also Chretien, A., and 
Kraft, J., Compt. rend.,'204, 1736 (1937). 

71 Rousseau, E., British P. 226,534, Dec. 13, 1924; Brit. Chem. Abs. B, 406 (1926). 
272 Winther, C., Z. wiss. Phot., 21, 168 (1921). 



Chapter 21 

Photochemical Reactions of Inorganic Solidy — 

The present theories of photoprocesses in crystals have resulted from 
to interpret the experimental studies of the effects of the absorption of 
ionic alkali halide crystals by the methods of quantum mechanics recently d 
for the study of the properties of metals. In large part, the experimental] founda 

tion has been laid at Gottingen, as an extension of the studies of Gudden @ 
Pohl? on the photoconductivity of certain homopolar crystal lattices, notab] a 
diamond. After a number of attempts had been made to obtain similar men 7 
ments upon variously colored rock salt crystals,? a thorough study was undertalil 
of the formation by ultraviolet light of a yellow color in alkali halides. T 4 
phenomenon had been observed by Goldstein* as early as 1896. To obtain an 
understanding of the nature of this process, Hilsch and Pohl® made observations 
of the far ultraviolet (including the Schumann region) absorption spectra ofl 
number of alkali halides. In some cases, the halides were deposited upon quarts 
plates by vacuum sublimation. It was found that the nature of the absorption 
was determined primarily by the halogen ions, and was relatively but little infm 
enced by the nature of the cation. The extinction curves showed definite shar, 
maxima. Absorption in these bands was believed to effect a transfer of an electror 
from a halogen ion of the crystal lattice to an adjacent metal cation, producing free 
halogen and metal atoms. In each case, the band of longest wave-length (corre 
sponding to the absorption of the smallest effective quantum) was attributed 
the liberation of the atoms in their normal states. The energy required for this 
was at first held to be equal to, first, that required to separate an electron from 
a halogen ion (its electron affinity E) and, second, that required to overcome 
the coulombic attraction between the sodium and halogen ions (the coulombic 
part of the lattice energy of the crystal Q). This energy requirement would be 
diminished by the work necessary to ionize the alkali atom (its ionization poten- 

tial I), since this energy is liberated when the ion is converted into the atom. 
From available data, the values of Q+E-—TI were calculated for the various halides 

attem: Dt: 

light 

ev elope 

studied. The correspondence between the calculated energy values and the energy 

corresponding to the first absorption maxima was only fairly satisfactory. The 
value calculated for the mean of the lithium, sodium, potassium and caesium iodides 
was 5.76 electron-volts and the observed value was 5.56 electron-volts.® 7 

. Physik, 52, 555 (1928); 59, 208 (1930): Wilson, A. H., Proc. Roy. Soc. London, 1 Bloch, F., Z 
133A, 458 (1931); 134A, 277 (1931); Peierls, R., Ann. Physik, 4, 121 (1930). 

2 Gudden, B., and Pohl, R., Z. Physik, 16, 170 (1923); 17, 331 (1923). 
8 Gyulai, Z., Z. Physik, 32, 103 (1925); 35, 411 (1926); Flechsig, W., Ibid., 46, 788 (1928). 
4 Goldstein, E., Z. Instrdke, 16, 211 (1896). 
5 Hilsch, R., and Pohl, R. W., Z. Physik, 57, 145 (1929); 59, 812 (1929); 64, 606 (1930); Ai 

721 (1931). For earlier observations, see Pfund, A. H., Phys. Rev., 32, 39 (1928) and for other 
halides, Ottmer, R., Z. Physik, 46, 798 (1928). F J 

6 See also Bonhoeffer, K., and Harteck, P., “Grundlagen der Photochemie,” p. 141, Dresden, 
T. Steinkopff; Sponer, H., ‘“‘Molekiilspektren und Ihre Anwendung auf Chemisch Probleme,” IJ, 339- 
361, Berlin, J. Springer. de Boer, J. H., ‘‘Electron Emission and Adsorption Phenomena,’ Cambridge 
Univ. Press, 1935, 239. 
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: 4. ) Mollwo, E., 
26, 5847 (1932); 

of silver bromide. 

in the bromide. 

length of the first maximum, 

yd 0.454 volt from atomic spectra. 

a The third maximum observed in the iodide spectra was attributed to the pro- 
P . ; . : 

n of a normal halogen and an excited alkali atom. ‘The caesium halides are 
onal, since in these the crystal structure is different. Two extra maxima 
in caesium iodide. 

7 pHOTOCHEMICAL REACTIONS OF INORGANIC SOLIDS ore 

; The absorption maxima at shorter wave-lengths were attributed to the libera- 
of the elements in excited states. The difference between the first and second 
a? n the spectra of the iodides of alkalies other than caesium, expressed in 

1.02. That between the 7P3/2 and ?Py,/, states of the iodine atom is, 
tomic spectra, 0.937 volt. In the case of the bromides, the corresponding 

Y aaes were 0.92 volt from the separation of the absorption maxima of the crystals 

The yellow coloration produced by irradiation in the absorption bands of the 
q alides of by the action of x-rays was attributed to the production of alkali metal 

atoms, the formation of which is analogous to that of the latent image in the case 
a The yellow color ® produced by irradiation of sodium chloride 

crystals corresponds to an absorption maximum at 4650A. This induced colora- 

jon is but slight and it is said that but few color centers are usually formed. 
‘Longer exposures or the use of more intense light sources fail to increase greatly 
‘the yield of color centers. The yields of these color centers as determined by 
absorption measurements give rather definite information regarding the quantum 

yields of the primary photoprocess. Such information can but rarely be obtained 

| ‘in the study of photochemical processes conducted in gaseous or liquid systems. 
‘Yn crystals at room temperatures, Smakula® found that during irradiation with 

-yery low light intensities (few quanta), the yield approached unity. With more 
intense irradiation, however, a condition of saturation was reached, the quantum 
- yield dropping below unity. Under these conditions, the electron displaced was 
pelieved to return to its original location. When low intensities were used, the 

fewer electrons displaced throughout the crystal were thought to be able to acquire 
energy from the thermal motion of the crystal lattice. This energy lessened their 
chances of. regaining their initial states. 

It soon became evident that this relatively simple picture of the processes 
occurring in an ionic crystal required modification. The absorption of the induced 
color centers was observed to differ from that of the same alkali atoms in the 

It was found to be dependent uponcthe nature of the lattice in which 
the atoms were believed to be liberated. Thus, the induced maximum for the 
sodium salts lies at 3480A in the fluoride, at 4650A inthe chloride and at 5400A 

Mollwo !° finds the color center frequency to be inversely pro- 
_ portional to the square of the lattice constant. It may b 
_wave-lengths by an increase of temperature. It Has also been found that the 
formation of appreciable amounts of the latent image or so-called F color centers 
depends upon the presence of defects in the lattice. The more perfect the crystal, 
_ the lower are the yields of the latent image, the electron immediately returning to 
the halogen atom after it has been displaced by absorption unless the energetic 

e displaced toward longer 

7 Born, M., [Z. Physik, 79, 62 (1932)] raised certain objections to the calculation of the wave- 
but it has been suggested that these may be overcome by taking into 

account polarization effects in the calculations of the lattice energies. See also, Klemm, W., Z. 
: Physik, 82, 529 (1933); Fues, E., Ibid., 82, 536 (1933); Mayer, J. E., J. Chem. Physics, 1, 270 (1933). 

__ 8This must be distinguished from the blue color of certain samples of rock salt which is due to 
_ the presence of colloidally dispersed sodium. ‘Phipps, T. E., and Brode, W. R., J. Phys. Chem., 30, 507 

(1926); Leroux, P., Compt. rend., 188, 904 (1929). 

®Smakula, A., Z. Physik, 63, 762 (1930). | : 
Nachr. Ges. Wiss. Gottingen, Math.-physik. Klasse, 1931, 97; 1932, 254; Chem. Abs., 
27, 665 (1933). Frohlich, H., Z. Physik, 80, 819° (1933). 
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.. ver cent of a foreign nitrate solution was added to a silver nitrate solution 

mole 4 then precipitated by an amount of sodium chloride less than sufficient to 

J of the silver chloride. The acetate, citrate, tartrate, tetraborate and sulfate 

did not affect the rate of photodecomposition, but copper, lead, barium and 

reduced the decomposition to 33, 32, 68 and 29 per cent, respectively, of that 

yer chloride with only silver ions adsorbed. 

Bifore recently, attempts have been made to determine quantum yields for the 

tolysis of silver chloride. JI*or exposures involving total absorption of the 

re A line, Feldmann and Stern 4 found a quantum yield of 0.86. The irradia- 

; ducted under water and the liberated chlorine determined by titration. 

cance of this concept in the treatment of photochemical processes induceg 

locations of a crystal (surfaces or disturbed lattice points) at a distance from 
point at which light absorption occurs. 7 

Tue SILVER HALIDES AND THE PHOTOGRAPHIC LATENT IMAGE 

Present concepts of the latent image 2” are in general analogous to those del 
oped in the treatment of the alkali halides. The importance of the photogrg é Tap 
process led to a large amount of early work. It was indeed shown by may) 
prior to the work on the alkali halides. that the primary photographic Proce m was con ; : : . ae 

takes place in a halogen ion rather than in silver. Before considering the reall apsequently, they found isi for the 3130A line a value of unity. The silver chloride 

interpretations, brief reference will be made to some of the earlier observations » P4 had been precipitated in the presence of sodium nitrite. — Che latter served 

the products resulting from the prolonged irradiation of the silver halides, It > combine with the liberated chlorine and lessened the probability of a reversal ot 

. a With more compact samples of silver chloride, the quantum yield 
se photolysis: ; dn ae vg. however, only 0.13 in the presence of sodium nitrite and 0.20 in its absence. 
Ways 

for precipitated silver bromide with sodium nitrite, the 3650 and 4360A lines 

s yields of unity, but for silver bromide precipitated in the absence of sodium 
rite and for crystallized silver bromide in the presence of a nitrite, the yield 

a pu-4.. Rather similar or lower values had been reported previously by 

interesting to recall that the existence of ultraviolet rays was first made knowg 4 
the demonstration by Ritter of the ability of invisible radiations beyond the bh 
end of the solar spectrum to blacken silver chloride. Ritter ** also showed th. 
their effect could be reversed by the action of other invisible rays beyond the a 

Since the absorption spectra of the bromide and iodide of silver extend into #4, 
visible, most studies have been concerned with the effects of visible light: . as on 

¥ hers. P . 

- The yield may be affected not only by the compactness of the material, which 

alters the probability of the reverse reaction, but also in long continued experi- 

ments by absorption of some of the light by liberated silver atoms. MacMahon 

and Chatterji?* measured the absorption of oxygen by irradiated silver bromide 

and chloride in a tube containing eold as halogen acceptor. The oxygen is absorbed 

hy the dispersed silver resulting from the photolysis. f 

 Puring the formation of the latent image, the silver halides exhibit photocon- 

‘ductivity. The absorption band of silver bromide in the visible has a minimum 

energetic separation from the unfilled upper conductance band of the order of 

three electron-volts. Electrons raised into this band give rise to conductance.?*4 

‘An approximate agreement between the sensitivity curves for photoconductance and 

‘for the photographic effects was observed by Arrhenius,?® indicating according to 

“present conceptions, that the liberation of an electron by light absorption may be 

‘concerned also with the formation of the latent image. Some discrepancies between 

1 the curves were noted by Coblentz,°9 but Toy *° and co-workers explain these as 

due to the fact that the photoconductance experiments were made on large pure 

‘silver bromide crystals and the photographic ones on fine crystals in gelatin. 

Sheppard and Vanselow * calculated that the photoelectrons have in the lattice a 

mean free path of the order of 10-© cm. 

For'a time it was considered, notably by Becquerel and by Carey-Lea, that 4 
initial product of the action of light (latent image) was some subhalide of silver P. 
the study of artificial photohalides prepared by mixing and simultaneously coagulatir 
silver and silver halide hydrosols, Ltippo-Cramer cast doubt upon this. Many were a 
attempts to prove or disprove the existence of definite photohalides by direct quantitatiy 
measurements of the halogen evolved during prolonged irradiation of silver halides 
Richardson” found 8 per cent of the total halogen to be liberated when 26 gms 4 
silver chloride under. water was exposed to sunlight. Baker,?* however, found onl 
14 mg. of chlorine to be evolved from 51 gms. of silver chloride after a considerah| 
exposure to light. By the use of a special balance, Volmer ” found silver bromide 4 
lose as much as 40 per cent of its bromine on illumination. Negative results having 
been recorded by Stromberg * and by Koch and Schrader,” a careful reinvestigation wa 
made by Hartung.®® By the use of silver bromide films on silvered vitreous silica suppor : 
on a special microbalance, he found a maximum loss of 96 per cent of the total halogen 
Similar results were obtained with silver: chloride. Studies of the rate of rebrominatior 

‘of thin silver films gave no evidence of the formation of silver subbromides. This work 
definitely favored the hypothesis that the formation of the latent image involves the 
formation of free silver. ~~ ‘ q 

-In other attempts to solve this problem, varied techniques as microscopic studies of 
the effects produced by light," or the alteration of the silver halide x-ray diagram : 
have been employed. The latter method gave indications of the formation of crystalline 
silver. The influence of various ions adsorbed on silver chloride on the liberation of 
chlorine by light has been studied by Schwarz and Dieffenbacher.* In their experiments, 

22. Webb, J. H., J. Opt. Soc. Am., 26, 367 (1936); “Proc. 6th Summer Conference (at Mass. Inst. 

?; 3 Feldmann, P., and Stern, A., Naturwiss., 16, 539 (1928); Z. physth,. Chem., 12B, 449, 467 (1931). 

7. physik. Chem., 26B, 45 (1934). See, however, Plotnikow, I., Phot. Korr., 67, 199 (1931); Chem. 

maps. 26, 1861 (1932). Gus 

f es” J., and Noddack, W., Z. Physik, 31, 922, 942 (1925); Eggert, J., Z. Elektrochem., 32, 

z 1926). 

1 Fi ai P. S., and Chatterji, A. C., Proc. 15th Indian Sci. Congr., 1928, 138; Chem. Abs., 25, 

Ly a? 1931). 

87a For a quantum-mechanical treatment of conductance, see Fowler, R. H., Proc. Roy. Soc. London, 
140A, 505 (1933); 141A, 56 (1933). 

8 Arrhenius, S., Sitzb. Akad. Wiss. Wien, 96, 831 (1887); Scholl, H., Ann. Physik, 16, 193, 417 

(1995); Wilson, W., Ibid., 23, 107 (1907). 
_ 89 Coblentz, W. W., Bur. Standards Bull., 18, 489 (1922). This section is based in part upon a review 
by Webb, J. H., J. Opt. Soc. Am., 26, 367 (1936). | | 

* Toy. F. C., Nature, 120, 441 (1922); Proc. 7th Intern. Congr. Phot., 14 (1928); Toy, F. C., and 
Harrison, G. B., Nature, 123, 679 (1929); Proc. Roy. Soc. London, 127A, 613, 629 (1930). ; 

., 'Sheppard, S. E., and Vanselow, W., J. Phys. Chem., 33, 250 (1929); Sheppard, S. E., Phot. J., 
60, 397 (1928). : 

if 

Technology) on Spectroscopy and Its Applications,” p. 157, New York, John Wile nd 1939; 
Gurney, R. W., and Mott, N. F., Proc. Roy. Soc. London, 164A, 151 (1938). oe ee 

238 ‘ , - . J tia’ Pe bes Pigs Chee neta tee che inate 28, 499 (1922); Sheppard, S. E., 7am 

2 Ritter, Nicolson’s J., 8, 214 (1804). 

25 Richardson, A., J. Chem. Soc., 59, 536 (1891). 

26 Baker, H. B., [bid., 61, 728 (1892). 
27 Volmer, Diss., Leipzig, 1910, 41. Cited by Hartung. * 

28 Stromberg, R., Z. wiss. Phot., 22, 165 (1924); Chem. Abs., 17, 3838 (1923). 7 

Preece P. P., and Schrader, F., Z. Physik, 6, 127 (1921); Koch, 'P. P., and Kreiss, B., Ibid., 34 

80 Hartung, E. J., J. Chem. Soc., 125, 2198 (1924); 121, 682 (1922); 127, 2691 (1925); 1926, 1349. 

81 Trivelli, A. P. H., and Sheppard, S. E., J. Phys. Chem.,.29, 1568 (1925). . 

ie) a Tne Vogler, H., Ann. Physik, 77, 495 (1925); Trillat, J. J., and Motz, H., J. Phys 

88 Schwarz, R., and Dieffenbacher, K., Z. anorg. Chem., 152, 91 (1926). 
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_ representing the work done when an electron is brought into the crystal 

‘-“ BE anite distance. He believed this latter quantity a function of the diamag- 
a ¢ the crystal. It may be recalled that, in the case of the alkali halides, 

sm ©’ + Pohl had used the ionization potential of the metal as the energy 

As in the case of the alkali halide crystals, the formation of the ] 
may be demonstrated optically. The absorption spectrum of silver bromide a 
from about 4700A to the shorter wave-lengths and exhibits a maximyy ext 
2200A. It differs from the spectra of the alkali halides in lacking sharp ag ie 

atent in 

ech and 
and minima, although there are indications of their existence. The latent +. ‘tity t° be deducted. They have also suggested that during the ripening of a — 
formed by exposures to the low intensities ordinarily used in photograph a “tographic emulsion there may be produced centers analogous to the U centers 
visible, but Hilsch and Pohl 42 showed that by the use of thicker crystal “kali halide crystals. Electrons in these centers could be lifted to the conduc- 

greater exposures it could be detected as an induced band in the infrared “4 Le zone by smaller quanta than those needed by electrons in the lower filled 
It appears likely that continued development of the newer quantum mechan- 

i theories may serve to increase greatly our knowledge of the mechanisms 

olved.*° Nee 
“Mention must also be made of the observation that the sensitivity of a photo- 

4 Bric emulsion is related to the presence in the grains of specks of a foreign 

maximum at 6900A. The absorption spectra of the original crystal ang i 

the latent image may partially overlap and that of the latent image may teri 

become complex as compared with those encountered in the alkali halides ‘ 
may be ascribed to a tendency for the liberated silver atoms to become coagulate, 

Hilsch and Pohl calculated from dispersion theory and the observed abe, ‘ 
. . . . SO oti C ‘ 4 

of the latent image that in both the photographic plate and in irradiateg a hetance..? Development of an exposed grain is known to start at these specks. 

halide crystals, the latent image is due to a concentration of but one color ca hese were at one time regarded as silver sulfide, serving the function of forming 
» anodes of minute photoelectric cells.5 At present, they are thought to be due 

Bthe presence of organic sulfur compounds, derived from the gelatin of the 

mulsion.>” | 
The more recent theories regard the function of the specks as that of concen- 

rating the silver atoms liberated by the light. It may be that light absorbed at | 

her portions of the grain moves through the grain as an “exciton” toward the 

seturbing speck.53 A radically different theory, due to Stock,°* denies the need 
or postulating sensitivity specks and regards the latent image as excited silver 
4oms on blocks of the grain, which is assumed to possess a mosaic structure. 
Much effort has been expended in determining the properties which render a 
latent image developable. Toy and Edgerton ®> found the relative number _of 

elopable centers produced in silver bromide grains by exposure to monochro- 
matic light to be proportional to the number of quanta absorbed by the silver 
sromide. Weigert 5° conceives of the latent image as complex micelles of silver 

de, water, gelatin and “Ursilber” of increased energy content. This energy, 
which he believes may represent a summation of many a supposed to 

activate the developer molecules. 
 Trivelli 5” claims that the larger the specks originally present in an unexposed 
film, the smaller the amount of silver which needs to be added to it during exposure 

in 10° to 107 salt molecules. The quantum yield amounts to about 0,33 tal 
color centers per photon under the usual exposure conditions. Blair and Leightor 

have given an equation expressing the rate of formation of the latent image, y 
It has been assumed recently that the latent image corresponds in a gene: 

way to the F centers of the alkali halides. According to this view the latent ims 
would represent electron energy levels rather than silver atoms. The manner 

which such electronic excitation levels occasion the liberation and coagulation 
silver atoms is as yet speculative.*® 

Theories of Sensitivity. It has been stated that the light-sensitivity 
the silver halides does not coincide with their absorption curves, since it has 
maximum in the short visible, and drops off in the ultraviolet where the abso; 
tion curve is still rising rapidly. A small hump observed by Fesefeld 46 at aby 
4300A in the absorption spectrum of silver iodide does, however, coincide wi 
the region of maximum sensitivity of that salt. There is also some discrepar 
between the long-wave thresholds for absorption and photographic action, 
part this may be due to the fact that methods for detecting the formation of 
latent image by subsequent development are more sensitive than those for measy 

ing the silver halide light absorption curve. Before the development of the theori 
discussed in connection with the alkali halides, attempts were made to relate t 
sensitivity threshold to the energy required to remove electrons from the haloge 
ions of the normal crystal lattice. Wave-lengths longer than those calculate 
proved, however, to be effective. Frankenburger and Fajans*’ suggested th 
submicroscopic flaws in the crystal lattice might serve to lessen the energy require 
Pauling 48 proposed to calculate the threshold wave-length by deducting from tt 
sum of the electron affinity of the halogen and the coulombic energy of the lati 

a 
wy 

4 Gurney, R. W., and Mott, N. F., Proc. Roy. Soc. London, 164A, 151 (1938); Berg, W. F., Trans. 
Faraday Soc., 35, 445 (1939); Berg, W. F., and Mendelssohn, K., Proc. Roy. Soc. London, 168A, 
168 (1938). 
60 Wightman, E. P., Trivelli, A. P. H., and Sheppard, S. E., J. Frank. Inst., 194, 485 (1922); 

‘Sheppard, S. E.; and Wightman, E.. P., [bid., 195, 337 (1923); Sheppard, S. E., Wightman, E. P., and 
Trivelli, A. P. H., [bid., 196, 653, 779 (1923); 198, 507, 629 (1924); 200, 335 (1925); Sheppard, S. E., 
Mewelli, A, P. H., and Loveland, R.. P., Ibid., 200, 51 (1925); Clark, W., Phot. J., 48, 91 (1924); 
Toy, F. C., Phil. Mag., 44, 352 (1922); Sheppard, S. E., and Trivelli, A. P. H., Phot. Korr., 64, 145, 
“he 242, 273 (1928); Svedberg, T., Z. wiss. Phot., 20, 36 (1920); Chem. Abs., 15, 2393 (1921); Phot. 
Jy 02, 183, 186, 310 (1922). 

_ 5 Trivelli, A. P. H., J. Frank. Inst., 204, 649 (1927); 205, 111 (1928); Phot. J., 68, 67 (1928). 
Contra, Harrison, G. B., Phot. J., 71, Sci. Tech. (Suppl.), 1 (1931). 
_ Sheppard, S. E., Phot. J., 49, 380 (1925); Nature, 123, 979 (1929); “Colloid Symposium. Mono- 
Staph,” 3, 76, New York, Chemical Catalog Co., Inc. (Reinhold Publishing Corp.), 1925; Price, T. S., 
and Rawling, S. O., Nature, 116, 281 (1925); Price, T. S., Phot. J., 65, 298 (1925); Silberstein, L., 
Phil. Mag., 5, 464 (1928). 

42 Hilsch, R., and Pohl, R. W., Nachr. Ges. Wiss. Gottingen, Math.-physik. Klasse, 1930, No. 2, 176 
Chem. Abs., 25, 884 (1931); Z. Physik, 64, 606 (1930). For analogous results on silver halide grair 
see Kirillow, E. A., Z. wiss. Phot., 26, 235 (1929); Chem. Abs., 23, 1829 (1929); Eggert, J., am 
Schmidt, R., Z. Physik, 48, 541 (1928). 

43 See Lohle, F., Nachr. Ges. Wiss. Gottingen, Math.-physik. Klasse, 1933, 271; Chem. Abs., 28) 9% 
(1934); Savost’yanova, M. V., and Toporetz, A., Compt. rend. acad. Sci. (U.R.S.S.), 2, 225 (1934, 
Chem. ‘Abs., 28, 5340 (1934). 

“Blair, J. M., and Leighton, P. A., J. Phys. Chem., 36, 1649 (1932); Phot. Korr. (Suppl.), © - *%Compare Hecht, K., Z. Physik, 77, 235 (1932). 
27 (1933). : a Cc 4 Stock, L. W., Skrifter Norske Videnskaps-Akad. Oslo I, Mat.-natur. Klasse, No. 10, 1-82 (1938); 

45 See Berg, W. F., Trans. Faraday Soc., 35, 445 (1939); Berg, W. F., and Mendelssohn, K., P10 hem. Abs., 33, 2827 (1939). 

Roy. Soc. London, 168A, 168 (1938). . . * Toy, F. C., and Edgerton, H. A., Phil. Mag., 48, 947 (1924). 
46 Fesefeld, H., Z. Physik, 67, 37 (1931). a 6 oe cigett, F.; Z.. wiss.. Phot., 29, 191, (1930); '30, 217 (1931); Chem. Abs.;’.25, 1170 (1931); 
47 Frankenburger, W., and Fajans, K., Z. physik. Chem., 105, 255, 273 (1923). Pressure may P* 4, 3739 (1932); Phot. Korr., 70, (Suppl.), 41 (1934); Naturwiss., 19, 969 (1931). 

vent the formation of the latent image according to Poindexter, F. E., J. Opt. Soc. Am., 21, 59 (1931 *T Trivelli, A. P. H., Nature, 126, 760 (1930). 
48 Pauling, L., Phys. Rev., 34, 954 (1929). ay : 
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in order to produce a developable latent image. Sheppard °® finds that the nal 4g may also act .to sensitize a plate to longer wave-lengths.** These effects, 

of silver atoms produced by exposure and the preexisting nuclei are to scthalll at Bey, are all of relatively little importance in comparison with the sensitizing 

small to support the hypothesis of a minimum critical size for development . ‘' a a which may be brought about by certain organic dyestuffs. These can be: 

He believes the state and more particularly the orientation of the silver r, to alter the natural sensitivity of photographic emulsions so as to render them 

a more important determinant of the developability of nuclei than thej; sian ... approximately equally sensitive to all of the visible wave-lengths or to 

Reinders and Hamburger,®° however, maintain that the smallest developable acl y snd the range of sensitivity into the infrared or to the shorter ultraviolet regions. 

gates consist of three, four or more silver atoms or silver sulfide molecules. 881 a in 1873, Vogel noticed that certain dyes, such as Corallin, which has an absorp- 

The relation between the silver produced on development to the silver Prod J Be pand in the yellow-green, sensitized plates to the region which these dyes 

" Bo sb. The Isochromatic plates of fifty years ago, sensitized with eosin, were in the primary photoprocess is known as the development factor. It decreas | 
with the grain size, being 3 x 108 for a grain mass of 6 X 10-1? and 103 for a a ne first color-sensitive plates to have been generally used. Many other dyes have 

-., peen found more satisfactory. Particularly important are the isocyanine mass of 10-16. This is because the larger the grain, the greater the probahis 

that it will contain a sensitizing nucleus of a certain size. Further details 61 _ as ethyl red, carbocyanines, including pinacyanol, and a number of others 

the theory of the sensitivity of photographic emulsions lie beyond the scope q ‘4 kryptocyanine and neocyanine. The use of such dyes has made possible the 

this work. 4 “wwances in long-range, haze-penetrating, infrared photography. 
idv 

HERSCHEL EFFECT 

cen . 

atoms 

si nce 

Ly es; 

" The theory underlying the action of these dyes is still somewhat obscure. The 

| ‘ 4 ange of sensitization and the absorption spectra of the dyes do not coincide as 

é In 1839, Sir 4 ohn Herschel observed that red light fale, & fading of th § osely as had been at first thought to be the case. It has, however, been suggested 

direct photochemical image produced by illuminating silver chloride. For a Cor that the dyes when adsorbed on the halide grains may have their absorption spectra 

siderable time, this was regarded as an effect due to oxidation, but the observatigy 
th ; ‘ " 
nifted.©? In some instances obscure chain reactions may be set up. Not all dyes 

. 62 . . . . 63 iI € . 
~ 

of Leszynski ®? cast doubt on this, and, according to Trivelli,°* more recent worke; 
j aon : nsitize when adsorbed. A common constitutional factor in the effective ones 

regard it as due to Ss photochemical bleaching of the latent image. Absorption ¢ pears to be the existence of either two oxygen or two nitrogen atoms in two 
light by the latent image causes a photoconductivity, which tends to restore 4] states of valency, joined by a chain of conjugated double bonds.” 

original condition of the lattice by removing an electron from the silver atom ay, 
restoring it to the halogen. In the case of the alkali halides, the absorption 9 

Rabinovich has suggested that in solid systems the energy evolved in the 

; i ! ‘photooxidation of the adsorbed sensitizer by atmospheric oxygen may_be utilized 
light by the latent image has two effects, the predominance of either of which ; w . P v8 hag 

conditioned primarily by the nature of the crystal and its temperature. Bleaching 
in the decomposition of the crystals to which it is adsorbed. 

i - 771 : 

predominates in the silver halides.6* Ltppo-Cramer © has shown that the Hersche ee te --Puclaux end Jeantet ™ sumscsted that 2 Pacboa ae 

effect is not entirely confined to the red end of the spectrum, but may also occy 
‘plate may be sensitized to the extreme ultraviolet by the application of a thin 

when the intensity is small with yellow, green and even with blue light. eens of oil. Lyman believes the process does not yield results comparable 
with the Schumann procedure (Chapter 1), but agrees that its possibilities have 

‘not been fully explored. The changes in sensitivity and contrast produced by 

coating plates of various brands with five different fluorescent oils, in the region 

‘of 2200-3800A have been studied by Harrison” and by Sdderman,™ the latter 
finding only Schumann plates to be satisfactory in the range 50-500A. A 0.5 per 
‘cent solution of vaseline in light petroleum may be employed.” Citric acid and 

salicylates have also been used.7@ Eggert and Arens’? have added to ordinary 

SENSITIZATION 
ia 

Sensitization to Longer Wave-Lengths. It has been observed that a silve 
bromide hydrosol containing adsorbed silver ion, in contrast to one with adsorbec 
bromide ion, shows increased absorption in the yellow and green regions. Th 
absorption curve as a whole is shifted toward the longer wave-lengths by 150 to 

200A, and at the same time the spectral sensitivity 1s shifted toward the longet  -® Eggert, J., and Noddack, W., Z. Physik, 31, 942 (1925). Synthetic Organic Chemicals, Eastman 
wave-lengths.°6 Similar effects are also observed in gelatin emulsions. The Kodak Co., as aa res ey ER Baga Bite See of Becquerel, Litppo-Cramer and 

: ad 67 ae 0 Mpajans, see Mees, C. E. K., J. Frank. Inst., 201, 52 1926). 

thallous ion has a similar effect half as great.°" ‘T’o some extent the latent an © See also Rabinovich, A. J., Sci. ind. Phot., 6, 288 (1935); Chem. Abs., 30, 3343 (1936). 
a: . 70 For further studies_ of the sensitizing action of erythrosine on colloidal solutions of silver 

- bromide, see Bokinik, Y. I., and Ilina, Z. A., Acta Physicochim. U.R.S.S., 3, 383 (1935). Chem. Abs., 
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plates a layer containing a wetting agent and a substance such as fluoren q 
anthracene which fluoresces in the ultraviolet region. The purpose of the woul 

‘agent, saponin or Turkey-red oil, is to aid in the removal of the fluorescent 7 
stance in the development bath. Rathenau ‘® suggests impregnating the plate .« 
a filtering dye which absorbs light of fairly long wave-length and then coal 

it with a sensitizing oil film which acts on short wave-lengths unabsorbed by a 
dye. Among the dyes proposed were nitrosodimethylamine, methyl orange fuel 
sine. As the sensitizer, Cenco pump oil 11021B could be used. _ 

Details of the sodium salicylate method, including the sensitometry of a 
plates so treated, have been given by Montagne and Ricard,” Kiu,®° and Terrie 4 

Ethyl dihydrocollidinedicarboxylate has been proposed.82 Sheppard and Vana 
low 88 use a silver salt of 1-p-sulfophenyl-3-methyl-5-pyrazolone, or related cai 
pounds. A number of solutions enumerated by Allen and Franklin 84 fo; seng; 
tizing plates to radiations shorter than 2500A are shown in Table 20. The aquegil 

| lication to paper dextrose and an oxygen-containing compound of a 

; por Bie sixth periodic group having an atomic weight between 90 and 200, 
ota! 4 odium tungstate or molybdate. : 

cr a “all Effect. It has long been known that a very great number of sub- 

_ capable of affecting a photographic plate in the dark (Russell effect). 

ances eve review of the work in this field has been given by Keenan,°° who 
ve a that, in general, a vapor passes from the active substance to the plate, 
et it is of the nature of hydrogen peroxide or an organic peroxide. 
nC 

| THe WEIGERT EFFECT 

/Itw 

ig ht) to 

as shown by Weigert 87 that exposure of very thin layers of silver chloride 

sensitized by free silver produced by a previous exposure to ordinary 

plane polarized light renders the layer color-adapted and dichroic, that 

. causes it to exhibit different extinction coefficients in polarized light according 

> the direction of the plane of polarization. This is a sign of a definite anisotropy 

Table 20. Substances Used for Ultraviolet Sensitization of Plates. ; the layer. The optical axis of the photoanisotropic system is always parallel to 

Chemical Name Trade Name RAN ceteoioerttes Renan the plane of the electric vector. “After a preliminary exposure to belgie chain 

1, 1-naphthylamine-4- — Naphthionic Acid = Water 276 Add 49 the orientation set up determines or orients a subsequent decomposition of oes 

sulfonic acid Na:CO, by non-polarized light. This Weigert termed induced photoanisotropy. Zochet 

2, 2-naphthylamin-1- Hastman’s T3186 « 2% R and Copet 88 have obtained the effect by the use of circularly polarized light. 

sulfonic acid 4 ‘Weigert regarded the effect as due to definite alterations in the shape of complex 

‘<ilver micelles. It has, however, been shown by Cameron and Taylor 59 that the 

: Pa ea iad OP i See erika es ‘affect can be produced in single crystals of silver chloride previously rendered 

4, 2-naphthylamine-6,8- Amino G Acid « 4% « ‘plue by exposure. Both silver and a silver halide lattice are necessary, but gelatin 

~~ disulfonic acid — other components of photographic emulsions or the gel state are not essential. 

5. 2-naphthol-6,8- G Acid | es 4% eld « ‘Tt is suggested that suitably dimensioned and oriented silver particles can respond 

disulfonic acid 6 polarized light by ejecting electrons in a definite direction. These reform silver 

6. a-naphthylamine | Ethylacetate 2% Add 4cc. q - from the silver ions in the lattice, the chlorine being assumed to migrate. 

alcoholic  Weigert also observed the phenomenon in the photodecomposition of light- 

solution of sensitive dyes embedded in gelatin.9° In cases in which there is rigidity, either 
white shellac — 
per 100 cc. a crystal lattice or of a gel, photoanisotropy effected by polarized, light may 

sist. In gaseous or liquid systems, in which the photochemical products are 

cern Tithe : 2370 4 rapidly disoriented by collisions, it is evanescent.94 
8. Carbazole a " 2% “ | | F 

9. Ethyl carbazole 4 2% « OTHER SILVER COMPOUNDS 

_ Wave-lengths longer than 2500A are said not to reduce silver nitrate in pure 

gelatin, unless there is present 10-° gram mole of potassium chloride or bromide 

per liter of gelatin. Even eosin or rhodamine-silver nitrate-mannitol mixtures 

should be rinsed with water. When water-insoluble organic substances are used, are stable in ultraviolet light if they have previously been subjected to ultrafiltra- 
these should be removed before development by means of acetone. The same treat- Bion.22 
ment should be used on plates treated with fluorescent oils or Eastman sensitizer +t 

solutions are merely applied to the plates for a few seconds, after which the plates 
are allowed to dry in a vertical position. Just before development, the plates 

iti iti i i 35 . 86 Keenan, G. L., Chem. Rev., 3, 95 (1926). 
In a photosensitive layer sensitive to the ultraviolet, Sheppard and Eberlin 4 RG cert, ., Verhand, deut. ee ORE ne OREO eN eee IAS, 

. c 583 (1921); 16, 613 (1928); 19, 969 (1931); Z. physik. Chem., 3B, 377 (1929); 4B, 239, 258 (1929); 

ee oa eee 
ig  18B, 73 (1932); see also Nikitine, S., Compt. rend., 204, 973 (1937); 208, 513, 643 (1939); Cherduintzev, 

7 Montagne, R., and Ricard, R., Compt. rend., 202, 477 (1936). 4 7 a Acta Physicochim. U.R.S.S., 3, 355 (1935); Chem. Abs., 30, 2110 (1936); Ungar, G., Compt. rend., 

80 Kiu, T., Compt. rend., 201, 1348 (1935); Sci. ind. phot., 8, 1 (1937); Chem. Abs., 31, 2948 (1937). — M8, 337 (1939). | | 

81 Terrien, J., Compt. eet: 202, 211 (1936). Pp ’ ’ ; | P. 88 Zocher, H., and Cae a ao physik. Chem., 141, 217 (1929); 132, 313 (1928). See also Cotton, 

4 
. 27, Glan _ A., Compt. rend., 189, 599 (1929). 

wae R. E., U.S. P. 1,880,411, Oct. 4, 1933. (To Eastman Kodak Co.). Chem. Abs., al; _ 8 Cameron, A. E., and Taylor, A. M., J. Opt. Soc. Am., 24, 316 (1934). 

88 Sheppard, S. E., and Vanselow, W., U.S. P. 2,066,582 (To Eastman Kodak Co.), Chem. Abs. 31, 90 See also Nikitine, S., Compt. rend., 208, 805 (1939). | . 

ae 
| i 1 Ghosh, J. C., and Banerjee, T., [Kolloid-Z., 86, 372 (1939)] have recently reviewed extensive 

experiments on the production of circular dichroism in various inorganic sols by irradiation with 

- circularly polarized light during their formation. ; 

% Bokinik, Y. A., J. Phys. Chem, (U.S.S.R.), 11, 190 (1938); Chem. Abs., 33, 4130° (1939). 

84 Allen, A. J., and Franklin, R. G., J. Opt. Soc. Am., 22, 469 (1932). 

85 Sheppard, S. E., and Eberlin, L. W., U.S. P. 1,934,451, Nov. 7, 1934 (To Eastman Kodak Co.) 5 
Chem. Abs., 28, 426 (1934). 
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A solution containing starch, silver nitrate and an excess of potassiy | : 
rapidly becomes blue on exposure to light. Since the reaction is not ohell lO 

the presence of an excess of the silver ion, it may be assumed that the ai 
) liberated is derived from potassium iodide adsorbed on silver iodide the 1. 

4 find iron, cadmium, cobalt or manganese harmful. Brickwedde bate believed 

a whose sulfides are black to promote the change. The elimination of 

YI - om the raw materials employed in the manufacture of this pigment 

_ eased its light stability.1°! It is, nevertheless, true that even care- 
exerting an enormous accelerating influence on the oxidati ~ tal es. incr moe j ; : 
Seale ie ego = oe ae nen of the forme g eed Wurtzite, zinc blende and unignited zinc sulfide, in the presence of 

S ; P 8 t Piee sbestos-likaaa™ rs he when subjected to ultraviolet rays. In an atmosphere of hydro- 
pats * lacken : . lees in 

:.. decomposition products contain hydrogen, zinc, sulfur, and the zinc and 

Be cons. Electrolytes increase the light-sensitivity. By irradiating a suspen- 

: ¢ zinc sulfide in water, Job and Emschwiller 4°? had previously obtained 

i” nc and hydrogen. 

which change from peach color to dark purple under sunlight and to daniel 

under mercury arc light. Rather similar changes are also observed in the col 8 

compounds 2AgI.KI.1/2H,O and 2AgI.KI.2H,O. The compound 4AcL K12¢¢ 
is not affected by sunlight but changes from colorless to a peach color yp d ie 

. Ag.2KI and Ag.6KI ffected by light. fr, Zi ; ' 
ee on d ae ae ae. fe a ea a ul ue f silver acer iia as believed by Mass and Kempf that the lattice structure is essential 

ous 85 DP Semana 4 kening and that amorphous freshly precipitated zinc sulfide or zine 
or oxalate to be developable under suitable conditions. Each of the three salt the black 

ede which has been gsround in a mortar is insensitive to light. Such samples 
white and absorbs in the same region of the ultraviolet as does silver chy... | yj 
After a long exposure of the acetylide, a residue of carbon is found on disso}. 
away the silver. Nitrogen separates directly from the azide on exposure to Ii 
of high intensity, but this does not occur as a result of a correspondingly lof 
exposure to light of a lower intensity. Possibly in this case hydrogen ‘az 

formed. Contrary to what might be expected from their endothermic nature, { 
amount of silver which separates directly on exposure of either of these ¢, 

salts is of the same order of magnitude as that formed from silver chloride, _ 
There are photographic processes which do not employ silver salts. A 1a 

these are the bleaching of photosensitive dyes, generally by oxidation, dja, 
processes in which after the loss of nitrogen the remaining residue of the dia, 

body can be coupled to form a dye, alkaline bichromate processes in which th 
forms a chromic oxide capable of tanning gelatin and certain iron processes, 

Gelatin impregnated with ferric chloride gives a white image when expo; 
under a negative.96 Mixtures of tartaric acid and ferric salts with selenious a 
or with potassium tellurate are reduced in light with the formation of amorpho 
selenium or tellurium. Sensitive papers utilizing this behavior have been py 
pared.9? The selenium paper gives a bright red and the tellurium paper a bla 
to brown tone. The development and fixation may be carried out with a dily 
solution of hydrochloric acid, with the addition, in the case of the tellurium pe 

of stannous chloride to prevent the destruction of the image by the unchange 

ferric chloride. 

ected to heat treatment to convert them into phosphors before they 
1 placken.1° Only luminescent samples exhibit the phenomenon, possibly 

-atise neutral atoms of zinc, cadmium or silver must be present in the interstices 

ise lattice.1°° Mass and Kempf attributed the change in the zinc sulfide to a 

acess analogous to that which occurs during the exposure of silver bromide ; 

nc and zinc disulfide were assumed to be formed, the zinc appearing in finely 

ded form on the surface of the mass. It may be that in the primary process, 

lectrons pass from a sulfide ion on the surface of the crystal lattice and discharge 

‘neighboring zinc ion. Irradiation produces photoconductivity, but there are 

teerences in the spectral sensitivity curves for blackening and for photoconduc- 

ty. Gordon, Seitz and Quinlan 1°7 have speculated regarding the nature of the 

-quantum shifts of electronic energy-levels involved. They believe the black- 

g occurs at the surface as an electrolysis of zinc sulfide in solution in the sur- 

moisture under the electromotive force produced by the optically-formed 

and S- ions. The liberation of hydrogen noted by Job and Emschwiller has 
not yet been interpreted in terms of the newer theories. eat, 

- Glycerol and other polyatomic alcohols have been believed to protect litho- 

ones.1°8 Waterglass is also said to be effective. 

It was observed by Mass and Kempf that blackened lithopone brightens in 

kness owing to the oxidation of metallic zinc, but remains black if no oxygen is 
ent. The rate of bleaching of darkened lithopone and the sfciclegtnts effect 
he latter are similar to the behavior. of samples of lithopone upon the surface 

Tue BLACKENING OF LITHOPONES of which zinc has been distilled.19 Q 

: ; p \ - To determine the relative effectiveness of various wave-lengths, Pfund 1° 
The white pigment lithopone, a mixture of zinc sulfide and barium sulfate, -, | | 

prone to blacken on exposure to ultraviolet radiations from an arc or in sunl 
Eibner 98 attributed this to an interaction of metallic impurities with the su 
pigment. Roches attached much importance to the presence of chlorides, b 

_ MW Brickwedde, F. G., J. Opt. Soe, Am., 14, 312 (1927). 
_ 101 Ribner, A., Farben Ztg., 30, 2600 (1925); Chem. Abs., 19, 3601 (1925). 
"12 Platz, H., and Schenck, P. W., Z. angew. Chem., 49, 822 (1936). 
Bb Job, A., and Emschwiller, G., Compt. rend., 177, 313 (1923); see also Weiser, H. B., and Garri- 
mee, D., J. Phys. Chem., 31, 1237 (1927). 

A 14 Mass, E., and Kempf, R., Z. angew. Chem., 36, 293 (1923); J. Chem. Soc., 124, ii, 491 (1923). 

¢ 7 See, however, Streck, E., Aun. Physik, 34, 96 (1939); 35, 58 (1939). 

is Seitz, F., J. Chem. Phys., 6, 454 (1938); Brusilowskii, A. M., Sigal, F. S., and Kabanova, E. Y., 
: Lakokrosochnuyu Za, 1935, No. 3, 11; Chem. Abs., 31, 6485 (1937); Brusilowskii, A. M., Org. Chem. 

Und. (U.S.S.R.), 5, 493 (1938); Chem. Abs:, 33, 883 (1939). 
7 we Gordon, N. T., Seitz, F., and Quinlan, F., J. Chem. Phys., 7, 4 (1939); compare Stobbe, -H., 

S 4, WISS. Phot., 29, 209 (1930); Chem. Abs., 25, 1441 (1931). 

, 28 Nishizawa, Y., J. Tokyo Chem. Soc., 41, 1054 (1920);.Chem. Abs., 15, 1407 (1921); see also, 
British P. 156,971, Nov. 25, 1919; Gardner, H. A., and Holdt, P. C., Paint Mfrs. Assn. Circ., 194, 
174 (1924); Chem. Abs., 18, 910° (1924). 

99 Roches, C., Rev. chim. ind., 31, 109 (1922); Chem. Abs., 16, 3217 (1922). See also Schleede, £ _ Brickwedde, F. G., J. Opt. Soc. Am., 14, 312 (1927). See also Goshorn, J. C., and Black, C. K., 
b. 1 Ind. Eng. Chem., 21, 348 (1929). 

ee dor Cage a te q M0 Pfund, A. i. Proc. ne eo Testing Materials, 23, II, 375 (1923). 4 

93 Hiller, W., Z. anorg. Chem., 219, 313 (1934); Brit. Chem. Abs., 1934A, 1183. a 

% Ishii, S., Repts. Osaka Imp. Ind. Research Inst. Japan, 11, No. 20 (1931); Chem. Abs., 2: 

5362 (1931). | q 

% Arens, H., and Eggert, J., Phot. Korr., 67, No. 8, 17 (1931); Verdffentl. wiss. Zentral-Lab. P 

Abt. AGFA 3, 67 (1933); Chem. Abs., 26, 1529 (1932); 28, 3012 (1934); Moskovich, 5. M., J. 

Chem (U.S.S.R.), 12, 460 (1938); Chem. Abs., 33, 4892 (1939). 

98 Schommer, F., Atelier Phot., 33, 91 (1926); Chem. Abs., 21, 538 (1927). 

 Pavolini, T., Giorn. Chim. Ind. Appl., 12, 72 (1930); J. Soc. Chem. Ind., 1930, Suppl. 533. 7 

9 Kibner, A., Chem. Ztg., 49, 345, 370 (1925). The darkening of red mercuric sulfide was a 

discussed. 
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rubbed a sample in water and covered it with a quartz plate. The specim. 7 alloy of cadmium 90 per cent and antimony 10 per cent. In a vacuum, a 

then mounted in the focal plane of a quartz spectrograph, so that the ential a a took place, in air, there was a very slight corrosion, in oxygen pales te 

trum from an iron arc was projected upon the lithopone surface, which a = in water strong corrosion under the influence of the rays. mera vise 

ening indicated the spectral regions of greatest effectiveness. Wave-length Yi | re  ntinued these experiments, using quantitative methods, ascribe tl " pines 

than 3200A showed very little darkening. By the use of monochromatic i 0 3 the colloidal sols by the rays to the formation of hydrogen peroxt e, : 2 

constant intensities, it was shown that the sensitivity of lithopone jg alm De fe metal, yielding an oxide or hydrate which after solution is converte 

in the visible spectrum, and rises to a high value in the ultraviolet ne e etallic colloid by the reducing action of the rays. 

remaining practically constant at shorter wave-lengths. All samples of a 2a Bode and Walther 1° obtained yellow to bluish-violet colloidal solutions of 

tested by Piund showed the same general type of sensitivity curves. Thege a snic DY bubbling purified arsine through water exposed to light of short wave- 

were obtained by plotting against the wave-lengths the reciprocals of th 

maximum at 3130A. 

In testing lithopones, Gardner and Holdt "4! use either an exposure to sunt 

or as an accelerated test, to the rays of a mercury or iron arc. When the meal 

seconds required to produce a visible darkening by these wave-lengths, hol 

sity being maintained constant. Brickwedde, employing this method, foung | 
different results, the sensitivity beginnig at 3/00A and showing a gypei 

Pt 120 has stated that pure silver nitrate in very dilute solution does not 
Vo 

silver hydrosol when exposed to the rays from a quartz lamp except in the 

¥ B of a protective colloid such as gum arabic. The wave-length is important, 

P iclet rays being required. The ultramicroscopic particles of the gum act as 
a 
ducing centers. : wee . 
BD assiljewa 121 notes that if dilute hydrochloric acid is added to a solution of 

arc is used, the pigment is exposed as a dried oil paint film on a palette subme, “dium tungstate until the liquid becomes slightly acid, a colloidal solution of tung- 

in a shallow layer of water to reproduce a condition of constant humidity, y 
test should be carried out on the pigment ground in the vehicle in which + 
intended to be used. The acid value of the oil medium used has a marked ef 
increasing acid values in a series of alkali-refined linseed and tung oils dimip: 
ing but not entirely inhibiting the darkening of the pigment. When employ 

the rays from an iron arc, the lithopone paste is exposed behind a quartz gf 
backed by an ordinary glass slide to retard evaporation. When sunlight is y 

ordinary thin microscope slides may be used. The degree of darkening mae 
evaluated by comparison with standards. 

Some reversible darkening in daylight of commercial samples of tit 

oxide,’ particularly in those containing iron, has been observed to occur, 
million is also light-sensitive.14 

EFFECT OF ULTRAVIOLET RADIATIONS ON COLLOIDAL SYSTEMS 

Preparation. Although Schulze 114 was unable to effect the conversion 
metals into dusts by the action of ultraviolet radiation, Svedberg 1° succeeded in © 

preparing colloidal sols of metals by applying an observation of Lenard and Wolf a 

that certain substances, especially metals, are disintegrated when exposed to ult 
violet rays. Pieces of metal, the surfaces of which had been carefully freed fr 
oxides, were placed in a shallow dish containing a dispersion medium, and expo 
to the rays from a Heraeus quartz mercury arc lamp at a distance of a few cen 
meters. After a few minutes, colloidal sols were obtained from silver, copper, 
and lead, but platinum, aluminum and cadmium remained practically unaffect 
The action was especially marked in the case of lead, which yielded a colloidal : 
in ethyl alcohol, and a milky liquid, probably containing lead hydroxide, in wat 
The nature of the dispersion medium had a great influence on the results w: 
silver and lead. Kimura 7 tested the effect of ultraviolet rays on silver, copp 

111 Gardner, H. A., and Holdt, P. C., U. S. Paint Mfrs. Circ., 194, 174 (1924); Chem. 
910 (1924). 

112 Williamson, W. O., Nature, 140, 238 (1937); 143, 279 (1939). 

118 Six, G., and Bover, J. R., Paint Manuf., 8, 367 (1938); Chem. Abs., 33, 883 (1939). 

114 Schulze, F., Ber. Physik. Ges., 1912, 246; Chem. Abs., 6, 1708 (1912). 
115 Svedberg, T., Ber., 42, 4375 (1909); Z. Chem. Ind. Colloide, 6, 129, 238 (1910). 

16 Lenard and Wolf., Ann. Phys. Chim., 37, 443 (1889). 

117 Kimura, M., Mem. Coll. Sci. Eng. Kyoto Imp. Univ., 5, 253 (1913); Chem. Abs., 8, 611 (1914 

+. acid is obtained. This, in the presence of various organic substances such as 

rmaldehyde, sucrose, dextrose or dextrin, undergoes reduction on exposure to | 

8 +. with the formation of an intensely blue solution. If the undialyzed solution 

4 4 t for some time, it is found that the reduction process does not occur when 

x solution is exposed to light. This may be due to the existence of two forms ot 

lloidal tungstic acid, one of which is photochemically inert and the other sensitive 

5 light. The latter changes spontaneously into the former. The reverse trans- 

+mation may be brought about by a rise of temperature. The absorption spectra 

€ the two modifications are found to differ appreciably, the region of ultraviolet 

absorption extending further towards the visible spectrum in the case of the photo- 

ically sensitive modification. Ghosh and Bhattacharya 1 found that it takes 

nree minutes to start the photochemical reduction of tungstic acid by glucose in the 

resence of sunlight. The rate of reaction then increases up to eight minutes, 

which it obeys a zero-molecular law. This period of induction is probably 

to the fact that the aggregated molecules must first be broken up into simple 

molecules before the reduction begins. 

x 
/y J 

aii 

“Tt has been claimed 12% that alumina intended for use as an emulsifying agent 

‘the manufacture of cosmetics, paints and cleaning agents may be improved 

by ripening it by ultraviolet irradiation. . 

Tn determinations of particle size in colloidal sols, it has been possible to make 

observations of the Tyndall cone produced by ultraviolet as well as by visible 

ght.124, 125 

Effects of Irradiation on the Stability of Tons Systems. Ultraviolet 

tays cause a slight decrease in the electrophoretic migration velocity of zinc hydro- 

48 Nordenson, H., Kolloidchem. Beihefte, 7, 110 en : Uo eae ee 

ire : r., 58B, 99 €1925). or data on the effects of ultraviolet irradia- . 

tion ee on a the feed of sulfur oi e gum mastic sols, see Audubert, R., Ann, Phys., 

18, 5 (1922); Chem. Abs., 16, 3812 (1922). 

> Voigt, J., Kolloid-Z., 43, 30 (1927); 45, 319 (1928). 
- 11 Wassiljewa, A., Z. wiss. Phot., 12, 1 (1913); J. Chem. Soc., 104, ii, 265 pee Pek er 

a2a charya, A. K., Bull. Acad. Sci. United Provinces Agra Oudh, India, 4, 

(1932) ;°Chhem,” Abs, 3097 (1933): Ghosh, J. C., and Banerjee, T., Kolloid-Z., 86, 372 (1939). 
123 Dickerson, T. W., British P. 487,855, June 25, 1938. 

%4TLohfert, H., Kolloid-Z., 51, 65 (1930). 

_ 285 With reference to the action of ultraviolet in producing fog nuclei, see Ramsauer, C., Ber. deut. 

Physik. Ges., 13, 899 (1911); J. Chem. Soc., 102, ii, 5 (1912). On the formation of nuclei in moist 

air, Saltmarsh, M., Proc. Phys. Soc., 27, 357 (1915). 
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j i formaldehyde or acetylene. On the other hand, 
ans of on 4 _ aapicaeale aes Se tannin, quinol, catechol, resorcinol 

a rep a 1 ae blue within the first two days, the light having iF aie 
_ pyros Eefiect. After eight days of irradiation, they turned clear red, me 

vag le being peptized to a sol identical in appearance and behavior with the 

astable lly used. After this, light had no further effect. In the case of the 
ne origina Beer open peroxide sols, the stability toward ultraviolet radiation was 

nnn a a endent upon the pH at which the reduction had originally been 

ae fe The sensitivity toward radiation was progressively less as neu- 
rought .. beached and was at a minimum at slight alkalinity for the peroxide 

ality BP atic of pH 7.5 to 9.0, the sensitivity, although slight, varied, so that 

ee" of the sols identical in appearance exhibited different behavior toward 
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sols, but not alcosols, according to Schaum and Friederich.126 
the electrophoresis of silver halide hydrosols and may even rev 
of migration of the particles. The migrations of many other so 
ever, affected by light in Schaum’s experiments. 

A number of investigators have studied the effect of ultraviolet li 
ing the stability of particle size of previously prepared colloidal sols. 
ments in which silver sols prepared by the high-frequency arc methog 

adsorbed by filter paper and exposed to the rays, Long 1" found the mone pill dispersed ones to be particularly sensitive. Wiegel 178 also noted that coaguial 
of dextrin-silver sols is accelerated by light, and especially the shorter wave lene 

Galecki and Spychalski12® found that the smaller the particles of silver nil 
hydrosols, the more readily were they decolorized by ultraviolet rays. . 

Light also 1 €f 
erse the dire. 
ls were not. 1 

Sht in alg 
In expe 

Thelgm ne light. Radiation of wave-lengths shorter than the 2150A Bn 8 cea ie nor 
ductivity increases and the viscosity decreases, but these changes may be revel he - oe icin a naa Geena ie ; nite 

on prolonged irradiation. It is suggested that the radiation causes the formation’ ine E e of the refractive index as the sol became blue. It decreased aga 
hydrogen peroxide, which dissolves the colloidal silver and 4 ‘creas } decolorizes them 
by forming silver ion. This may subsequently be reduced by the action of 
ultraviolet rays. The reaction, as followed by spectrophotometry at 5100 
appeared to be of the first order. The values of the reaction velocity constar 
varied at 10° from 0.0528 to 0.1345 and at 29° from 0.0875 to 0.2104 for the be 
ticular sols used. The temperature coefficient had a mean value of 1.3. Accel 
ing to Galecki and Marchlewska,!®° gelatin and ageing increase the t 
for ultraviolet light to decolorize the sols. 

The coagulation of Bredig’s platinum hydrosol 131 may be greatly hastened ] 
exposure to a 220-volt Cooper-Hewitt quartz lamp at a distance of 15 cm. 
platinum sol which was not completely coagulated in two years in ordinary ict 
was half coagulated in ten hours of irradiation. Similarly, the rays accelerate tl coagulating action of common salt. | 

Zakowski 1°? finds the induction period or period of slow growth of g0 
particles upon gold nuclei to be diminished by previous irradiation of the 0) 
solution by ultraviolet light. Beaver and Muller 183 have reviewed the many olde 
observations regarding the effect of light in reducing gold salts or in acceleratin 
the action of reducing agents in the formation of colloidal gold. Nordenson 184 
was convinced that the coagulating effect of the ultraviolet rays upon gold sol 
was not due to a photoelectric effect because the result was the same for positively 
and for negatively charged particles. He suggested either that the light ma 
cause a difference of potential between adjacent particles leading to attraction ant 
eventual precipitation, or that the light may disturb the adsorption equilibriur 
between particles and associated ions, leading to instability and coagulation 
Beaver and Muller attempted to determine why the sensitivity of gold sols i 
markedly dependent upon their past history, some being entirely unaffected by 
ultraviolet light, while others are readily coagulated by it. Fourteen days’ expo- 
sure to a 220-volt mercury arc did not affect Bredig gold sols or sols prepared by 

42 col was peptized by the radiation. The changes were even less in a Bip 

: ol. The conductivity changed in a similar manner to the extent of abou 

p ae These effects were attributed to changes in the amounts of stabil- 

0.3 -. adsorbed. As more ions appeared in the solution in the first part of the 
ee fewer were adsorbed and the stability was decreased. The absorption 
i <i the sol proved one of the most sensitive indicators of the changes 

§ Re lace Conductance titrations with silver nitrate indicated an increased 

Eon of chloride ion in the bulk of the solution in the blue sol and a return 

oa original concentration in the peptized red sol. Although the original and 

i, ad final states appeared to be identical, it was evident from the photochemical 

Be iferenice of the latter that they are in fact different. This was also =ppatant 

om spectrograms in the far ultraviolet, since the peptized sol oe salah at see 

ik effective radiation. It is possible that when peptization me een e . en ae 

Eis were more firmly associated with the complex; this wou d Sect ant 

greater stability toward light as well as for the lack of absorption bands in 

Rs pecion135 Ip 

4 Bes en shown by Murphy and Mathews 1°° that the electrical conte 

1% arsenic trisulfide hydrosol increases upon exposure to light, His rate of chang 
‘increasing somewhat with decreasing concentratio of the colloid. on 

ie According to Freundlich and Moor,!87 a mixture of silver ae - : 

fide sols undergoes in the dark a change of color from a golden-brown i” g 

‘ereenish-brown to lilac, and, with exposure to light, through green to a go ee 

brown. Both changes are prevented in the presence of a gelatin gel. any ‘eae 

‘in the dark is regarded as a direct interaction between the particles o t : ve 

sols. The secondary change under the action of light is purely ser ie 

involves oxygen and the probable formation of a silver thioarsenite. ei “ an 

Baba 188 find that on illumination, arsenious sulfide and Congo red sols, be rel 

“ferric or chromic hydroxide sols, exhibit increased osmotic pressure. Colloida 

_ cuprous hydroxide, formed by boiling cuprous anes or bromide with aqueous 

gelatin, is photosensitive in the presence of acid.18 2 eli Me 

The reactions of gold and silver sols with arsenic and antimony trisulfide s 

ime requir 
qt 

4 

126.Schaum, K., and Friederich, P.. Z. wiss. Phot., 23, 98 (1924); Chem. Abs., 19, 1376 (1925). : 
7 Long, S. H., Kolloid-Z., 14, 136 (1914); - a 
128 Wiegel, E., Z. wiss. Phot., 24, 316 (1927); Brit. Chem. Abs., A1927, 411. 
1% Galecki, A., and Spychalski, R., Rocsniki Chem., 8, 394 (1928); Z. anorg. allgem. Chem., 177, SST (1928) ; Kolloid-Z,, 53, 338 (1930); Chem. Abs,, 23, 1572 (1929); 25, 876 (1931). ? 89 Galecki, A., and Marchlewska, J., Kolloid-Z., 59, 206 (1932). 

Spear, E. B., Jones, P. F., Neave, A. S., and Schlager, M., J. Am. Chem. Soc., 43, 1385 (1921). 182 Zakowski, J., Kolloidchem. Beihefte, 23, 117 (1926) ‘ 8 Beaver, J. J., and Muller, R. H., J. Am. Chem. Soc., 50, 304 (1928). q 134 Nordenson, H., Z. physik. Chem., 90, 603 (1915). 

185 See also Thiessen, P. A., Kolloidchem. Bethefte, 29, 122 (1929). 

186 Murphy, R. V., and Mathews, J. H., J. Am. ee re 45, 16 (1923). 
187 Freundlich, H., and Moor, F., Kolloid-Z., 36, 17 (1921). ; 
£88 Horiba ‘S. and Baba, H., J. Phys. Chem. Japan, 3, 1 (1929); Brit. Chem. Abs., A1930, «ae by 

ag Horiba, S., and Ishii, S., J. Phys. Chem. Japan, 2, 118 (1929); Brit. Chem. Abs., Ai930, : 
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are photosensitive.4° Rapid color change is produced by sunlight and the 
is hia to consist of metallic sulfides, free sulfur and arsenious or antj 
acids. 

Krestinskaya 141 found arsenious sulfide sols to be rendered more stable tow | 
the barium ion by exposure to light. Sols of different concentrations and conti 
sitions were, however, affected differently in respect to the coagulating acti wll 
other ions. According to Joshi, Barve and Desai,!42 on exposure of an arselll ; 
sulfide sol to light, the charge on the particles decreases, the conductivity incu 4 
the total sulfur decreases, the stability to potassium chloride passes through 
maximum, and the stability to magnesium chloride decreases continuously, Th : 
effects are attributed to the hydrolysis of the sulfide to arsenious acid and h “4 
sulfide, the latter yielding sulfur dioxide, sulfur and pentathionic acid. 

Boutaric and Bouchard 148 found the time of coagulation of arsenious sulfid, 
and other sols by electrolytes in the presence of fluorescein, eosin or erythro . 
was in all cases decreased by illumination, the effect being greater in uitrayigil 
than in visible light freed from infrared. Potassium sulfate and sulfuric acti 
which inhibit the fluorescence of the dyes, also suppress the effect of the }j a 
The light had no effect in the absence of the fluorescent compounds, and the Foal 
did not affect the sols in the dark. The. difference between the time required for 

flocculation in the dark and in daylight or ultraviolet light is proportional to in 
logarithm of the fluorescing power of the mixture of fluorescein and added elec. 
trolyte, if any. Tannin, hydroquinone, phenol and cresol in the presence of lithiun 
chloride also reduce both the fluorescing power and the shortening of the floccula. 
tion time. Eosin and erythrosin which have absorption bands close to that of 
fluorescein, reduce its fluorescence and also reduce its effect on the flocculation 
time. The difference in the time required for flocculation in the dark and in ultra. 
violet light is reduced from 60 to 15 minutes by 0.05 per cent Direct-Scarlet soly 
tion. A number of colorless substances which fluoresce in the ultraviolet were alsc 
found effective. Among these are esculin and a number of naphtholsulfonic acids 

X-rays, ultraviolet radiations and g-rays cause the coagulation of sols of cerium 

hydroxide and albumin, and the inversion of cane sugar solutions, according to 
Fernau.144 3 

Berlin blue hydrosols are. decolorized and coagulated by visible and ultraviolet 
light. The time of flocculation by irradiation is proportional to the layer thickness 
and sol concentration; the optimum wave-length is 4200A.145 Lal and Ganguly 46 
found, however, that Prussian blue and gum mastic sols were not coagulated by 
the full radiation of the quartz mercury arc, although various sulfide sols (arsenic, 
cadmium, antimony, and ferrous), metallic sols (platinum, silver and gold), sulfur 
sols, hydroxides (cerium, thorium, ferric) were affected. The pH of the sols 
varied during exposure, some increasing and some decreasing. Coagulation was 
attributed to the destruction of stabilizing agents by the action of the light. These 
observations were extended by Miss Roy.147 Sols of stannic, aluminum and 

hydroxides, of antimony, arsenious and mercuric sulfides, acquired 

d conductivity after exposure, although uranium and cupric ferrocyanide 
ey, did not. She found a short exposure to increase the stability of arsenious 

“ ntimony sulfides and uranium and cupric ferrocyanides, but on longer expo- 

. “il became less stable, and sols of antimony sulfide, mercuric sulfide and 

tt ‘4m ferrocyanide coagulated completely. 

. eller 148 has considered the case in which the photochemical action is on 

orbed electrolyte; coagulation is then probably due to the critical diminu- 

the double layer and the effect of light should be expected to be greater 

as the double layer is initially weaker. Sols of ferric oxide obtained by hydrolysis 

q of ferric nitrate were dialyzed for three to twenty-five days and examined magneto- 

- optically after varying periods in darkness followed by exposure to diffused light. 

The rate of growth of size of particles decreased with the time in darkness, but 

‘ncreased again on exposure to light, the increase being greatest in the sols longest 

dialyzed and so least stable. 

Emulsions of benzene, benzine and carbon disulfide in water with sodium oleate 

as the emulsifier separated into two layers when irradiated with ultraviolet light.1*9 

The pH of the illuminated emulsion increased, indicating that its breaking was due 

to the partial destruction of the emulsifying agent. 

Effects of Irradiation on Liesegang Ring Formation. Light of short wave- 

 fength is reported by Davies 150 to aid in the production of colored bands of 

colloidal gold in silicic acid gels containing gold chloride and various reducing 

agents. The work was extended by Cadenhead 151 to include the effects of x-rays. 

Both workers agree that the banding on reduction to colloidal gold is not a true 

Liesegang phenomenon. It has been observed 15? that the passage of a beam of 

light through soil or kaolin suspensions contained in a rectangular tank causes the 

suspensions to stratify, the layers running parallel to the surface. The distance 

between the successive strata appears to vary with the wave-length of the light, 

“put the strata produced by white light are quite sharp. The stratification persists 

‘while the illumination is continued, and slowly disappears when it is cut off. 

Blair 153 points out that in gels in either intense white light or complete dark- 

ness there is irregular Liesegang ring formation, Which persists even after lique- 

faction and resetting. Ultraviolet rays from a quartz mercury lamp in a few hours 

render a gel incapable of Liesegang ring formation, but this effect does not persist 

after liquefaction. 3 

, Ultraviolet radiations cause a marked disturbance 14 in the rings formed round 

a drop of silver nitrate solution placed on a film of setting gelatin. X-rays and 

radium have no effect. The radiation restrains the primary rings and prevents 

the formation of secondary ones.4° In the case of silver chromate-gelatin,!°® 

visible light causes the number of bands to increase and the distance between them 

Prody i “thorium 
Monj 01 3 jncrease 

u 

the ads 
tion of 

Ydroger 

. 
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148 Heller, W., Compt. rend., 199, 723 (1934). 

_ 49Sinha, P. C., and Ganguli, P. B., Kolloid-Z., 54, 147 (1931). 

150 Davies, E. C. H., J. Am. Chem. Soc., 45, 2261 (1923). 

151 Cadenhead, A. F. G., Can. Chem. Met., 10, 201 (1926); Chem. Abs., 20, 3390 (1926). 

152 Morrison, C. G. T., Proc. Roy. Soc. London, 108A, 280 (1925). ; 

(8 Blair, G. W. S., Phil. Mag., 49, 90 (1925). 
154 Cluzet, J., and Kofman, T., Compt. rend. soc. biol., 104, 1001 (1930); Chem. Abs., 25, 3245 (1931) ; pb 

see also Hatschek, E., Kolloid-Z., 37, 297 (1925); Proc. Roy. Soc. London, 96A, 496 (1921) for similar 
observations on lead chromate bands. 

155 Kofman, T., J. chim. phys., 29, 586 (1932); Compt. rend., 208, 567 (1939). 
 86Tsemura, T., Bull. Chem. Soc. Japan, 8, 108 (1933); Chem. Abs., 27, 4152 (1933); Taboury, M.-F., 

and Bellot, M., Compt. rend., 205, 45 (1937), See also Teft, R., and Hill, J. W., Trans. Kansas 
aoe: Sci., 33, 57 (1931) for some effects of light on the formation of banded precipitates of mercuric 

ide. 

140 Bhatnagar, S. S., Yajnik, N. A., and Zadoo, V. D., Quart. J. Indian Chem. Soc., 4, 209 (1927); 
Chem. Abs., 21, 3514 (1927). 4 

141 Krestinskaya, V., Kolloid-Z., 66, 58 (1934); Chem. Abs., 28, 1909 (1934). é 

donate C. B., Barve, P. M., and Desai, B. N., Current Sci., 3, 105 (1934); Chem. Abs., 29, 22 

148 Boutaric, A., and Bouchard, J., Compt. rend., 192, 95, 357 (1931); 193, 45 (1931); 194, 1245 
(1932); Bull. Soc. Chim., 51, 757 (1932); Pospelov, A., and Pospelova, K., J. Phys. Chem. (U.S.S.R)s 
5, 52 (1934); Chem. Abs., 28, 4315 (1934). 

144 Fernau, A., Kolloid-Z., 33, 89 (1923); Chem. Abs., 17, 3837 (1923). 

145 Lederer, E. L., and Hartleb, O., Kolloid-Z., 62, 42 (1933); Chem. Abs., 27, 1800 (1933). 

146 Lal, P., and Ganguly, P. B., J. Indian Chem. Soc., 6, 547 (1929); Chem. Abs., 24, 540 (1930). 
147 Roy, S., J. Indian Chem. Soc., 6, 431 (1929); Chem. Abs., 23, 4865 (1929). 
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to shorten. Ultraviolet rays retard the formation of rings, which are finepil 
closer together than in the dark. Nikiforov and Lemeche 1%" believe the «an 
sure” of Liesegang rings directly proportional to the light intensity. The a P *? 

of rings per unit of distance increases under both ultraviolet and diffused david E 
Similar observations have been recorded by Miyamoto.1®°§ Chloride ions in defi 
concentrations seem to be necessary for light to have an effect on the produ 

on the rings? : 10) 

It is held by Alekseevskii 1° that the adsorptive power of active charcg 
of silica gel is increased by irradiation with ultraviolet rays. 

Chapter 22 

The Reactions of Organic Compounds. 

Aliphatic Series’ 

mea wery considerable body of empirical information has been accumulated 

g the photochemical behavior of a wide range of organic compounds, in 

Jarge part due to the pioneering observations of Ciamician and Silber on the effects 

prolonged exposures to sunlight and of Berthelot and Gaudechon on the effects 

of ultraviolet light. Unsaturated hydrocarbons rayed with ultraviolet undergo 

stereoisomeric transformations or polymerize. Alcohols, aldehydes and ketones 

decompose into carbon monoxide, hydrogen and hydrocarbons under some con- 

- ditions. Acids may yield carbon dioxide and.a hydrocarbon, with some carbon 

monoxide and hydrogen. Dibasic acids readily lose carbon dioxide, leaving mono- 

pasic acids. Keto acids react in ultraviolet when heated. 

The theoretical interpretations of this behavior and its relation to the absorp- 

tion spectra of the compounds studied has been most advanced in the case of the 

aldehydes and of the interconversions of geometrical isomers. | 
* 

al a; : 

187 Nikiforov, V.-K., J. chim. phys., 32, oie ohare | 
33, 950° (1936). chim. phys 985 (1935); Nikiforov, V.-K., and Leméche, M.-R., Ibia 

158 Miyamoto, S., Kolloid-Z., 78, 23 (1937). : 
459 Kohn, M., and Mainzhausen, L., Kolloid-Z., 79, 316 (1937). 4 

160 Alekseevskii, E. V., J. Russ. Phys.-Chem. Soc., 60, 1173 (1928); Chem. Abs., 23, 2367 (1929) regardin 

SATURATED HyDROCARBONS 

‘The ultraviolet absorption spectra of the saturated hydrocarbons lies in the 

extreme ultraviolet. This accounts for the observed inertness of these compounds 

to the ordinarily available ultraviolet radiations.? 

Methane is unaffected by the radiations between 2300 and 4000A.2 With a 

Harteck xenon lamp giving 3x 1016 quanta per second, the 1469A line is 13 per 

cent and the 1295A line 100 per cent absorbed by a 30-mm. layer of the gas at 
atmospheric pressure.* Ris: 

_ The methane is decomposed in the primary process into methyl radicals and 
hydrogen atoms, the final products being hydrogen and acetylene, traces of ethylene, 
ethane and hydrocarbons with three to five carbon atoms. 
Leighton and Steiner ® also state that the radiation from a hydrogen discharge 
tube transmitted by a thin fluorite window decomposes methane with a quantum 

_ yield of the order of unity. They identified hydrogen and possibly ethylene in the 
approximate molecular ratio of four to one. 

According to Tolloczko,® ethane irradiated in quartz with rays of wave-lengths 
~ between 2300 and 4000A gave a small. amount of a light colorless condensate, 
composed of a mixture of hydrocarbons, mostly hexane; the gas contained hydro- 

1 For a general review, see Bonhoeffer, K. F., Z. Elektrochem., 40, 425 (1934). 

_ 2Glockler, G., Proc. Nat. Acad. Sci., 11, 74 (1925); Kemula, W., and Mrazek, S., [Compt. rend., 
195, 1004 (1932)] found methane, ethane and butane not to absorb between 6000 and 1965A. 

3 Tolloczko, S., Przemysl Chem., 11, 245 (1927); Chem. Abs., 22, 4380 (1928). . 

_ 4#Groth, W., and Laudenklaus, H., Naturwiss., 24, 796 (1936); Groth, W., Z. physik. Chem., B38, 
366 (1937): see also Kemula, W., and Dyduszynski, A., Rocziiki Chem., 17, 423 (1937); Brit. Chem. 
Abs. A, 39 (1938). 

5Leighton, P. A., and Steiner, A. B., J. Am. Chem. Soc., 58, 1823 (1936). - 

4 6 Tolloczko, S., loc. cit. 
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gen and methane. Klemenc and Patat7 claim that pentane suffers decompositi 4 
and polymerization. The polymerization products take up oxygen, breaking on 

carbon chain and producing methane and carbon monoxide and dioxide, 7 
Because of their transparency to ultraviolet rays, the liquid hydrocarbon, 

especially suitable solvents for use in measuring the absorption spectra of various 

organic solutes. Castille and Henri® have given detailed directions for the purl ) a methyl chloride, but not that of methylene chloride, are inhibited by an excess 

fication of hexane for this purpose. Samples of hexane prepared by their methode Ys oxygen? | 

transmitted, in 40-mm. layers, to 1900A. Butane prepared by the Grignard  Cyclopropane undergoes a mercury-sensitized photochemical polymerization 

method may contain an unidentified substance which shows fifteen absorption ‘toa colorless oil of high boiling point under the influence of the resonance line of 

bands between 2206 and 1965A.® This impurity can be removed by long agita- 1 mercury." The I. G. Farbenindustrie A.-G19 claims the conversion of cyclo- 

tion with bromine water. In the Schumann regions, heptane and hexane haye an - pexanone into caproic acid by irradiation. piste 2" ba 

absorption maximum at 1500A.1° In the unsaturated compounds 1-heptylene. —_ 

2-pentylene, 1-pentylene, trimethylethylene, this is shifted to 1750A. These banda | 
are without fine structure and are attributed to the dissociation of a carbon-carbon 

bond. Duncan and Howe! state that methane shows true continuous absorption 
in the region between 1450 and 850A, such continuous spectra being general fo- 

molecules with tetrahedral symmetry. - 

Mercury-sensitized reactions of ethane have recently been described by Kemula_ 

Mrazek and Tolloczko.14* Butane, hexane and octane are formed together with 
traces of methane. The proportion of butane in the product varies directly with 
the rate of flow and the pressure of the ethane, and inversely with the temperature 
of the receiver. Both the carbon-carbon and carbon-hydrogen linkings are affected, 
When butane is removed by a low-temperature trap, the reaction products, accord. 
ing to Steacie and Phillips, are exclusively methane, propane and butane. The 
quantum yield for ethane decomposed is 0.2.18 i 

Taylor, Morikaw and Benedict 14 found that methane reacts with deuterium at 

40° to 300°C. in the presence of mercury vapor excited by its resonance radiation, 
The degree to which the substitution occurs depends upon the time and tempera- 
ture of irradiation. Farkas and Melville! proposed a chain mechanism for the 
reaction at temperatures over 300°C.: | m 

ese are all chain reactions, involving the formation of intermediate, short- 

jived peroxides. Methane and methyl chloride also suffer chlorination to methylene 
ploride, some molecules of which on colliding with chlorine atoms form the 

aia ‘CHCl radical. This, reacting with oxygen, goes through various intermediate 

a y om ounds to carbon monoxide and hydrogen chloride. The reactions of methane 

ALKYL HALIDES 

Absorption Data. The absorption of methane is gradually shifted to longer 
wave-lengths as the number of halogen atoms introduced is incteased.*° .How- 
ever, most alkyl-halides absorb but slightly. The bromides absorb more and at 
“jonger wave-lengths than the chlorides, methyl bromide absorbing nearly as well 

as carbon tetrachloride. The foot of the absorption curve of carbon tetrabromide 

approaches the visible spectrum. The iodine compounds absorb still more readily, 

-jodoform absorbing in the visible portion of the spectrum. 
. Herzberg and Scheibe 2! found methyl iodide, bromide and chloride to show 
continuous absorption bands, with maxima at 2500, 2000, and 1750A, attributed to 
dissociation of the molecule into the methyl group and a halogen atom, one of the 

s products being in an excited state. Iredale and Mills 22 found the energies of the 

~carbon-to-iodine and carbon-to-bromine linkings, as calculated from the long 

_ wave-length limits of the continuous bands, to be in gaod agreement with the 
_yalues calculated from the heats of combustion.?? * 

; Hukumoto,2* who made similar calculations, reported data on the continuous 
absorption spectra of about forty alkyl halides. The iodides exhibited two or three © 
absorption regions, the one with longest wave-lengths corresponding to a decom- 

position into a normal alkyl radical and an iodine atom in the metastable 2?P1/. 
state. The excess energy in the second and third continuous absorption regions 
was thought to be associated with excitation of the alkyl radicals. 

Parti and Samuel 25 interpret the absorption spectrum of methyl iodide as 
involving a simultaneous loss of a hydrogen and an iodine atom. They pointed 

out that the beginnings of the first selective absorption of twelve alkyl halides agree 
_ with the estimated energy differences D(CX4)—D(CX_).. This viewpoint, based 

on an analogy with the behavior of the tin halides, appears to involve a consid- 

D+XH——> DX+H 
H+D.—> HD+D. 

The oxidation of methane, methyl chloride and methylene chloride may be sen- 
sitized to light of the wave-length 4360A by chlorine.1® The products from each 
of these compounds include carbon monoxide and hydrogen chloride, as well as 

small amounts of water, phosgene and several heavy volatile organic compounds. 

The quantum yield varies from 80 for methane to 800 for methylene chloride. 

W%Schumacher, H. J., Z. Elektrochem., 42, 522 (1936). 

18 Harris, L., Ashdown, A. A., and Armstrong, R. T., J. Am. Chem. Soc., 58, 852 (1936). 

197. G. Farbenindustrie A.-G., British P.—314,267, 1928.. 
2) Lowry, T. M., and Sass, R. B., J. Chem..Soc., 622, 1926. ; 

_ id G., and Scheibe, G., Trans. Faraday Soc., 25, 716 (1929); Z. physik. Chem., TB, 390 

7Klemenc, A., and Patat, F., Z. physik. Chem., 149A, 449 (1930); see also Landau, M., Compt. 

rend., 155, 403 (1912); J. Chem. Soc., 102, II, 986 (1912). = 

8 Castille, A., and Henri, V., Bull. Soc. chim, biol., 6, 299 (1924); the observations of Urbain, E.; 

and Scal, C., [Compt. rend., 168, 887 (1919)] on the decomposition of saturated liquid hydrocarbons by 

ultraviolet rays may have been due to the presence of impurities. 

9 Kemula, W., and Mrazek, S., loc. cit. 

10 Carr, E. P., and Stiicklen, H., Helv. Phys. Acta, 6, 261 (1933). y 

11 Duncan, A. B. F., and Howe, J. P., J. Chem. Physics, 2, 851 (1934). © 3 

12 Kemula, W., Mrazek, S., and Tolloczko, S., Chem. Listy, 26, 466 (1932); Chem. Abs., 27,3142 

(1932). | 

18 Steacie, E. W. R., and Phillips, N. W. F., Ja Chem. Phys., 6, 179 (1938). ‘ 

14 Taylor, H. S., Morikaw, K., and Benedict, W. S., J. Am. Chem. Soc., 57, 383 -(1935)5 a Chet 

Phys., 5, 212 (1937). 

15 Farkas, A., and Melville, H. W., Proc. Roy. Soc., 157A, 625 (1936). 

16 Brenschede, W., and Schumacher, H. J., Z. physik. Chem., 177A, 245 (1936). 

; 2 Tredale, T., and Mills, A. G., Proc. Roy. Soc., 133A, 430 (1931). See also Z. physik. Chem., 
— 20B, 340 (1933). . 

23 For details of the calculation of the heats of dissociation of the carbon-halogen bond by this method, 
see also Sen-Gupta, P. K., Bull. acad. Sci. United Provinces Agra Oudh, India, 2, 115 (1933); Chem. 

mebs., 27, 3668 (1933). : 

% Hukumoto, Y., Phys. Rev., 42, 313 (1932); Science Repts. Tohoku Imp. Univ. First Ser., 22, 
13 (1933); 21, 906 (1932). Data on methyl bromide are given by Fink, P., and Goodeve, C. F., Proc. 
_ Roy. Soc., A163, 592 (1937). 

25 Parti, Y., and Samuel, R., Current Sci., 5, 386 (1937); Chem. Abs., 31, 3385 (1937); Bergmann, 
E., and Samuel, R., Nature, 141, 832 (1938). 
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q A Samuel, although the latter workers do not postulate a rearrangement of the 
dical with divalent carbon to an olefin. 

On the other hand, Bates and Spence ?° believe the primary process, at least 
ACL. 

,) 
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erable revision of the current theories of the photochemical processes in Which 
alkyl halides participate. the 

As determined by Saha,?® who obtained the limit of continuous absor 
o 

= Aaa Ption from a . f gaseous methyl iodide, to consist solely in a simple dissociation into t : 2 . SCOR .. the case Of §as yi 10 ; S y me: & 
eat Seema aie satan a see ea be Mics noe limits and 4 s methyl radical and an iodine atom.®6 They also support this by a study of 
Beeler iavin 2660.A 107.5 or “eat fen Popes ee ‘ita ‘ 28004, 102 o e reaction occurring in the presence of oxygen. In this case the methyl radical 

ee ss eee ee ke » 414.4 kal. These  eeact with oxygen to produce formaldehyde and an hydroxyl radical. The results are considered as in good agreement with those calculated ther : may ie ae 
AIM GE Ul wance he made atin 7 ; , Mochem. dniter, on reaction with a fresh methyl iodide molecule yields methanol and an 

ney 27 : made tor uncertainty as to the energy state of the Carbon dine atom. Methanol (two molecules) and formaldehyde may then react to 
a , " cee produce methylal, (CH,0),CH», and water. Furthermore, Spence and Wild 8 

The alkyl halides also exhibit discontinuous absorption beginning at 2010. a d the irradiation of pure methyl iodide in the absence of oxygen to yield no 
1785 and 1600A for methyl iodide, bromide and chloride, respectively, according ipydrogen iodide. Small amounts of methane, ethane and iodine were formed.38 - 
to Herzberg and Scheibe.?28 The discontinuous bands are considered to ina; ‘hy : . . ae 

e,° ° : ° ' : indj e a of m4 Sprheticna- trite several excited’ clectvatel eta eed? Cate The presence of free methyl radicals in the photochemical decomposition of methyl 
; . OEE ors has been recently demonstrated by the ortho-para hydrogen conver- Reactions. Although early observers made frequent reference to the decom- jodide vap y y : YOTOS 

ear 1 39 we ; ee i, Bh ‘ejon test for the presence ot paramagnetic substances. 
P oe ue alk yl halides in light, Stobbe and Schmitt ** showed that the effects a In his earlier work, Emschwiller 4° believed that a critical threshold wave-length 
noted in daylight were due to an oxidation. In the absence of oxygen the halides | 
are relatively light-stable. They did, however, show that a photochemical libera- for the ee oe ee ee 

; : : ' bservations, however, he gave up the concept of the existence of a 
tion of bromine f f <i - -leng Ww min iater 0 ; : ; ; 3 lv : 

1; en er une picnic apace the short Li lengt h ultraviolet to “threshold value since he had found the absorption curve of ethyl iodide to vary with a slight extent. Similar reactions occur also with the iodides, isopropyl iodide 7 ; being less stable than either n-propyl, ethyl or methyl iodides mie vemperature, being shifted toward the visible by about 12A per 10°C.“ 
ay BES : ) q tum yields obtainable under various conditions have been a matter of 

The products formed when ethyl iodide is photochemically decomposed j P ; a - sabi : ; _ n the 3 pe <Bat dS 42 found that methyl - 
absence of oxygen include, according to Emschwiller and Job,32 besides iodine, a controversy ates and Spence oun at methyl iodide vapors, when irradi 

a a " ti ; th ry I t ield of 0.02. - It ightl 
gas composed principally of ethylene and ethane, with smaller amounts of butane cy savelthe: very low ‘quantum yield or 00 wasters 

: - (0.05) in hexane solution. Spence and Wild *#* put the yield of methane and hydrogen. The formation of the butane could be explained as due to a com. 1 hil ‘oc . 2 iodi or 
bination of two ethyl radicals liberated in the primary process. The ethylene aaa from methyl iodide vapor at 0.032, that of free iodine being half as great. Calcu- 

a thyl iodide destroyed, the quantum yield is at least 0.06.: Higher 
ethane - a PERS i 7 lated as imnetily yed, qu vasa date (Hg 

isa $e accounted for by assuming that the primary “PFOcees for the most jodides are probably formed. The reaction is not affected by the addition of part consists in a simultaneous loss of both hydrogen and iodine atoms from the ies wee ii: ‘en or nitrous oxide. 
ethyl iodide as hydrogen iodide, leaving ethylene. (The ethane might then arise pros : 

= 1 : F B | i 1 1 — ie combination of ethylene with hydrogen produced by the photodecomposifielll _ Very similar results have been recorded for ethyl iodide, although Emsch 

the hydrogen iodide.*?) In similar fashion, propyl iodide yielded propylene and 

_ 6A general discussion of free radicals in organic photoprocesses is due to H. S. Taylor, J. Phys. 
 Chem., 42, 763 (1938). 
\ 87 Spence, R., and Wild, W., Proc. Leeds Phil. Lit. Soc., Sci. Section, 3, 141 (1936); Chem. Abs., 30, — 
_ 2849 (1936). In the presence of hydrogen iodide, methyl iodide yields iodine with a quantum yield of 
_ two, according to Iredale, T., and Stephan, D., Trans. Faraday Soc., 33, 800 (1937). 
_ _ * Jones, L. T., and Bates, J. R., [J. Am. Chem. Soc., 56, 2285 (1934)] found the kinetics of the rapid 
_ photodxidation of ethyl iodide to differ from that of methyl iodide. Acetaldehyde and ethanol were pro- 
duced. A mechanism involving the intermediary formation of ethyl peroxide was proposed, but the 
3 ection of small deviations in the rates from those expected suggested the rea¢tion to be one of great 
complexity. » 4 

- 89 West, W., J. Am. Chem. Soc., 57, 1931 (1935). It also is found in the acetone decomposition, but 
hegative tests were obtained in the irradiation of benzene and of propionaldehyde vapors. 

40 Job, A., and Emschwiller, G., Compt. rend., 179, 52,168 (1924). 
41 Job, A., and Emschwiller, G., Compt. rend., 190, 741,866 (1930); Ann. Chim., 17, 413 (1932). 

#2 Bates, J. R., and Spence, R., J. dm. Chem. Soc., 53, 1689 (1931). 
i Fac es. R., and Wild, W., Proc. Leeds Phil. Lit. Soc.; Sci. Section 3, 141. (1936); Chem. Abs., 30, 
q 36). 

382, 222 (1911) ' * Norton, B. M., J. Am. Chem. Soc., 56, 2294 (1934). 
: i _. * Iredale, T., J. Phys. Chem. 33, 290° (1929). It must be noted, however, that Gibson, K. E., and 

Iredale, T. [Trans. Faraday Soc., 32, 571 (1936)] have found a value of unity for benzene solutions of 

-willer gave yields at high temperatures for ethyl iodide seventeen or more 

propane, normal, secondary and isobutyl iodides gave: butylene and butane, and 

| about unity reported by Iredale were believed to have been due to the presence of 

liquids. Emschwiller believed both the hydrogen and the iodine atoms to be liber- ie 
| | %5 Bates, J. R., and Spence, R., J. Am. Chem. Soc., 53, 381, 1689 (1931); Trans. Faraday Soc., 27, 

orate this conception, methyl iodide, ethyl iodide and isopropyl iodide giving 

times as great as for methyl iodide. Norton 4* found for liquid ethyl iodide the 
2 a : ; : : a : 1 1 ‘etn 2 at ° a 

methyl iodide gave methane. Tertiary butyl iodide gave propylene and propane, ee ee ee ee 
ethylene and ethane. In these experiments the alkyl halides were irradiated as. “sotne oxygen. 

ated from the same carbon atom, the residue rearranging to give the olefine. He 468 (19313. 
also believed studies of the photochemical oxidation of the alkyl halides to corrob- 

formaldehyde, acetaldehyde and acetone, respectively.24 It may be noted that 
Emschwiller’s conception of the primary process is in agreement with that of Parti 

*6 Saha, N. K., Bull. Acad. Sci. United Provinces Agra Oudh, India, 2, 233 (1933); Chem. Abs., 
eek eaten ey ose a ee ear see Rehman, R. A., SE denasele: R:; ae Sharf-ud-Diny 
naian J. NSICS, ; . = té. 4 v. 35):.J. 2 ICS, 2) (1938): 4 845 (1938). rice » Phys. Rev., 47, 419 (1935); J. Chem. Physics, 3, _ 

* For the absorption spectra of more complex halides, see Fukumoto, Y., Science Repts., Tohoku 
Imp. Univ. First Series, 23, 62 (1934). 

*8 Also Scheibe, G., Povenz, F., and Lindstrém, C. F., Z. physik. Chem., 20B, 283 (1933). 

_ See also Henrici, A., Z. Physik, 77, 35 (1932) and for the theoretical interpretation of the methyl 
iodide bands, Mulliken, R. S., Phys. Rev., 47, 413 (1935), and Porret, D., and Goodeve, C. F., Trans. 
Faraday Soc., 33, 690 (1937); Proc. Roy. Soc., A165, 31 (1938). -_ 

80 Schoorl, N., and Van den Berg, L. M., Pharm. Weekblad., 43, 218 (1906); Benrath, A., Annalen,- 

81 Stobbe, H., and Schmitt, P., Z. wiss. Phot., 20, 57 (1920). 
82 Emschwiller, G., and Job, A., Compt. rend., 179, 52, 168 (1924). 4 _ a iodine in the are of oxygen in crepe pene eae in same ioe bes given, by y-butyl 
83 Emschwiller, G., and Job, A., Compt. rend., 192, 799 (1931); 193, 1003 (1931) lodide. In alcohol, methyl iodide gave values greater than one. Furthermore, iodoform in benzene gave 

9 ° *y 5 . -2a 84 Emschwiller, G., and Job, A., Ann, Chim., 17, 413 (1932). ’ | | value of one in the absence of oxygen and higher in its presence. In alcohol, the yields seemed higher. 
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West and Paul4® found the quantum yields in hexane to be 

REACTIONS OF ORGANIC COMPOUNDS 399 

Maynard,®° the direct union of metallic mercury and methyl 
a a Ss ‘ng to property of the alkyl group,4? varying from a few hundredths in the case of a AC Pee hastened by ultraviolet rays but is accelerated by a Se ae 

iodide to slightly over one for isopropyl iodide for the wave-length 2610A, ae a f The reaction 1s preceded by the formation of a sma cig oe a 

yield increases somewhat with decreasing wave-lengths between 3130 ante 2 HD e dide. If the latter is irradiated together with methyl fodide, | meiwyt Me : 
the ratios differing, however, for each of five iodides studied. 6104 ous 16 formed rapidly. Although the action of metallic mercury 1s no 

They conclud 
°0 be the Gam 

yield on the ode 
4k is uncomme, 

methyl radica] wa 

a direct recombination of the iodine atom and the free radical 
of the low yield for methyl iodide. (The non-dependence of the 
centration made it seem that the reaction CH3 + CHsI— CH, 
Similarly, the reaction between an iodine molecule and a free 
thought to be infrequent because of the zero order of the r 

i i 1S 
+ 

BH ° 

- z the case of the other alkyl halides, the use of mercurous iodide 

le the extension of the reaction to higher iodides and even to countered 
aes possib 
nzy! jodide. Bad It jolet light capable. of 

my t-Lucas and Salmon-Legagneur nd ultraviolet lg ee 
eam! butyl bromide into tert-butyl bromide, and propyl bromide into | 7 eaction in its earh averting 1soP : £ dissociati rrin 

Pere enlace ae values of the quantum ved . ropy! bromide without any trace of dissociation occu a ms ee 
shown by the various halides might give directly the relative probabilities of recall “Trradiation of the vapor of methylene iodide and ee x as iC ae 
bination of the various alkyl radicals with atomic iodine. If this be admitted a - arc yields such products as carbon monoxide, hy ine - a i FF dine order of reactivity of the alkyl radicals would be methyl > allyl > vinyl > ethyys Bie formic acid and ethylene glycol. The quantum yiel et bia ha ‘ 7 . 
Gtopyl > isopropyl 7 2 445 for light of wave-length S100A. Gregory and Style gti : e 

West and Ginsburg 48 found that, although in the pure liquid state or J “1 | D. and (CH:0)2 as interne ciates, ace ae es 4 gr: ee hexane solution, ethyl iodide decomposes with a quantum yield of 0.6, in the mic acid and formaldehyde, respectively. Emschwille1 nds iodine pentox 
vapor state the quantum yields at 2600A in the continuum are very low. 

They also made observations of the quantum yields at the be 
short wave-length region of banded absorption at 2026A. 
90 mm. pressure at 30°C., the yield was 0.1. 
and was also lower than that of the reaction produced by this wave-length in 

In the vapor at 45 9, 

condensed phases, the yield in the liquid being about 0.24. In the short wave- 
length region, interaction between excited molecules and normal molecylec 
seemed the predominant mechanism. } 

Especial attention was paid, by West and Schlessinger,4® to the products other 
than iodine. They found that at 2537A methyl iodide yields mostly methane and 
small quantities of ethylene and ethane, and that more than a third of the iodide 
decomposed appears as methylene iodide. Addition of silver foil increases the rate 
of reaction about fortyfold, yields all the iodine as silver iodide, and causes the 
gaseous products to consist mostly of ethane with some ethylene but much less 

Ethyl iodide at 2537A gives ethane and methane than in the absence of silver. 
ethylene in comparable proportions. At 2026A, small amounts of methane and 
hydrogen are also formed. Silver increases the reaction rate but does not affect 
the nature of the products. 

yield linearly with the density of inert gas to values approaching one-third the 
yield in inert liquid solvents. The primary process forms iodine atoms and alkyl 
radicals. 

of the net change is due to the reaction: 

a 
— Ri Rena > BA + RY 

This predominates over the association of R to Ry and I to In. The quantum © 

yield of n-propyl iodide vapor at 2026A is lower than that of ethyl iodide; the J 
yields for isopropyl iodide at 2610 and 2026A are 0.17 and 0.43, respectively. 

46 West, W., and Paul, B., Trans. Faraday Soc., 28, 688 (1932). 

47 Note also Burke, K. A., and Donnan, F. G., J. Chem. Soc., 85, 574 (1904). 

47a Norton also notes that the quantum yield increases in various alkyl halides as the chain is length- 
ened, as the central carbon atom is altered from primary to tertiary and as halogen atoms are progres: — 
sively introduced. 

48 West, W., and Ginsburg, E., J. Am. Chem. Soc., 56, 2626 (1934). 

49 West, W., and Schlessinger, L., J. Am. Chem. Soc., 60, 961 (1938). 

ginning of the 

At 0.1 mm. it was definitely lower. 

Inert gas up to 40 atmospheres increases the iodine 

Recombination of these, which may occur as a bimolecular process, is” 
the most rapid secondary process and accounts for the low quantum yields. Most 

.» pe formed particularly while some of the methylene iodide remains unattacked ; 

a ay result through the intermediary formation of peroxides of formaldehyde, 

a .. acid, or possibly of methylene iodide. i par. 

BR cording to Kaufmann,®4 trans- and cis-a,-diiodoethylene and a,,0’-diiodo- 

et ylene are decomposed with liberation of iodine when their ether solutions are 

¥ cposed to ultraviolet, the velocity of the reaction in the first being approximately 

ss reat as that in the other two cases. , | 

Be tions of ethylene iodide in carbon tetrachloride begin to absorb at SO0UAg 

the absorption increasing at shorter wave-lengths. DeRight and Wiig fond 

“the rate of the direct decomposition due to the absorption of the wave-lengt : 

3130 and 3030A approximately proportional to the absorbed energy. It increase 

‘slightly with increasing concentrations of the ethylene iodide, reached a definite 

maximum after the attainment of a certain amount of decomposition, and was 

reduced by the addition of iodine. The primary decomposition was assumed to 

} yield atomic iodine and C.HyI. The quantum yield was 0.7 and the temperature 

coefficient 1.05. Emschwiller 56 observed 5” that vinyl iodide, rradiated 124 hours 

' by a mercury vapor lamp, gave acetylene, ethylene and iodine and, in the presence 

of oxygen, also formed droplets of liquid containing formic acid, formaldehyde 

and CH,OH-:CHO. He suggested a different mechanism for the decomposition 

of asymmetrical ethylene diiodide: 
} 

* - 
i 

2CHe == CI. sara CoHe + Cele + “rai. 

CHs Cl. a Hl 7 CH3Cls. 

rd : 
1 & 

He also found that although CHI=CHI is not oxidized in ultraviolet light, its 

asymmetrical isomer is completely oxidized with the formation of formic acid, a 

50 Maynard, J. L., Science, 56, 492 (1922). 
51 Ramart-Lucas, Mme., and Salmon-Legagneur, F., Compt. rend., 186, 39 

» ler, G., Ann. Chim., 17, 413 (1932). 
8 Gregory, R. A., and Style, D. W. G., Trans. Faraday Soc., 32, 724 (1936). 

53 Emschwiller, G., Compt. rend., 206, 746 (1938). 

54 Kaufmann, H. P., Ber., 55, 249 (1922). 
55 DeRight, R. E., and Wiig, E. O., J. Am. Chem. Soc., 57, 2411 (1935). 

86 Emschwiller, G., Compt. rend., 198, 1151 (1934). 
57 Emschwiller, G., Compt. rend., 198, 464 (1934). 

(1928); see also Emschwil- 
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e may be oxidized in the presence of. chlorine as sensitizer by 
4 ee The vield of dichloroacetyl chloride is not greater than Ob per 
e 4360 a varies with the light intensity, but is independent of the trichloro- 

ont. a oxygen concentrations. ‘The quantum yield is about 40 at 95°. A 

fnylene CoHCl4O2, may be a part of the chain. 

eroxide, : of tetrachloroethane,®* the reaction probably consists in a primary 

a * con into HCl and CHC1,CCl, the latter then reacting with oxygen to 
ee toracety! chloride, which is hydrolyzed by moisture to dichloracetic acid. 

orm dic Iso removes a hydrogen atom from the original halide, ‘and the CHCI,CCl, 

xeon“ mbine to form octachlorobutane. In dry air, a fuming liquid, dichlor- 

trace of formaldehyde, iodine and a gas composed of 57 per cent carbon mong j 
23 per cent carbon dioxide and 20 per cent acetylene. . 

An iodine-sensitized decomposition of ethylene iodide in carbon tetrachlon: 
is discussed by Dickinson and Nies.58 Emschwiller 59 writes for the de “ : - COMmpn 
tion of diiodoethane, 7“ 

CHL Che yy => Ch Cat aT : 
CHCA bt — Ss cre = 9 

Both products then decompose with the separation of iodine, so that the comple 
reaction may be written: ey chloride could be obtained. The reactions were shown not to be due . 

ce ge ig . In the presence o 4CHVCH I 2 Gay 4 OC a 4 4 e produced by the action of the light upon the oxygen. In 2 ie 

a gen rather than air, no reaction whatever occurred, not even the evolution 
yitro The ethylene then mostly forms ethylene iodide. In the presence of OXYgen, hot 

diiodoethane and unsymmetrical diiodoethylene are completely oxidized. Tr 
analogy of structure between diiodomethane and diiodoethane implied by a eam 
ilarity of decomposition is confirmed by the similarity of their absorption specty 
and by the rapid photochemical oxidation of diiodomethane. , 

Iodoform, although said to be very light-stable in the absence of oxygen, may 
in benzene solution yield some iodine and hydriodic acid in daylight.60  Chilorg 
form is also stable, although it exhibits a continuous absorption beginning 4 
2530A (1 cm. of liquid) or at 2300A (50 cm. of vapor at 1 mm.). Hill 61 wo 
unable to detect any decomposition in a static system. In streaming vapor, chlorin, 
could not be detected, but hydrogen chloride was formed. There was evidence 9g 
a short-chain reaction, yielding four molecules per quantum absorbed. Tf 
yield was not affected by the presence of hydrogen. It seemed to be increased by 
nitrogen and was very greatly increased by oxygen, but in the latter case the 
mechanism is doubtless changed. Binz and Hughes ® have suggested that sodit 7 
triiodomethanesulfonate, proposed for x-ray work in urological diagnosis, may 
owe its observed toxicity to the ease with which it splits off iodine in light. 

Carbon tetrachloride has been suggested as an actinometric compound for 
standardizing the ultraviolet output of mercury arcs,® at wave-lengths less than 
about 2650-2750A, but Hymas & could not obtain satisfactory results with it. 
According to Benrath and Hertel,®° decomposition may be represented as a 

‘a 

¢ fydrogen chloride.®® The same was true of the compounds CHCl,CCls and 

a *CHCL. The reaction was therefore assumed to be brought about by activated 

CCl Further evidence for this mechanism is found in the fact that the com- 

Be cH Cl). can react, although it does not absorb in the wave-length range 
Beloved. a the presence of dry oxygen in short wave-length light, it gives 

— ochloraceti iA? At 

Bon has been called to a bromine-sensitized photochemical decomposition 

of dibromotetrachloroethane by Carrico and Dickinson.” it proceeds ae. A an | 
reaction with quantum yields which, at low intensities, are independent of.. the 

intensity, but which fall off at higher intensities. = ey: i 

_ There is a bromine-sensitized oxidation of carbon tetrabromide in carbon 

tetrachloride, produced by the 4360A line, which may be expressed by 

6a 2CBr3 + Os 200 bre + 2b rg: 

‘Not more than 50 kcal. is required to remove the first bromine atom. 

ALCOHOLS 

Biclecki and Henri7® found the absorption of ethyl alcohol to begin at about 

— -2500A. 9 

i everal new methods for the purification of alcohol for use as a solvent in absorption 

MM cccopy were tested by Leighton, Crary and Schipp.“ They sana oe 

absorption furthest in the ultraviolet for samples which had been allowe . stand fc 

one week over active aluminum amalgam, filtered and distilled. Their results pe: in 

general confirmed by Harris,® who preferred, however, to modify the method O prepai 

ration introduced by Castille and Henri™ by carrying out the final distillation wit o 

aid of zinc wool rather than zinc powder. 

Herzberg and Scheibe 7” found that both methanol and ethanol vapors show 

2661, 5 aie C.Cle “ Ch 

the reaction occurring in the liquid exposed in an open vessel. In a recent investi- 
gation, Lyons and Dickinson ® found that in the absence of oxygen, pure carbon 
tetrachloride underwent practically no decomposition when exposed to the 2537A 
line, the quantum yields being less than 0.01. In the presence of oxygen, however, 
phosgene and chlorine were produced in equimolar proportions, the quantu n 

es being eas Pere 67 Miiller, K. L., and Schumacher, H. J., Z. physik. Chem., 37B, 365 (1937). 

8 Miller, E., and Luber, A., Ber., 65B, 985 (1932). eee 

69 Miller, E., and Ehrmann, K., Ber:, 69B, 2207 (1936). ay ; 

7” Aromatic compounds with halogen in the side chain behave similarly, benzyl chloride slowly chang- 
ing into benzoic acid and CgH;CHCl, yielding benzoyl chloride. eae 

™ Carrico, J. L., and Dickinson, R. G., J. Am. Chem. Soc., 57, 1343 (1935). 

7 Koblitz, W., Meissner, H., and Schumacher, H. J., Ber., 70B, 1080 (1937). 

% Bielecki, J., and Henri, V., Ber., 45, 2819 (1912); Compt. rend., 155, 456 (1912). 

4 Leighton, P. A., Crary, R. W., and Schipp, L. T., J. Am. Chem. Soc., 53, 3017. (1931). 

| ™Warris, L., J. Am. Chem. Soc., 55, 1940 (1933). 

‘od Ban. ae Henri, V., Bull. soc. chim. biol., 6, 299 (1924); Chem. Abs., 18, 3165 (1924). 

7 Herzberg, G., and Scheibe, G., Z. physik. Chem., TB, 390 (1930). 

58 Dickinson, R. G., and Nies, N. P., J. Am. Chem. Soc., 57, 2382 (1935). 
°° Emschwiller, G., Compt. rend., 199, 854 (1934). 

_ © Dubrisay, R., and Emschwiller, G., Compt. rend., 195, 660 (1932). 
% Fill, D. G., J. Am. Chem. Soc., 54, 32 (1932); see also Massol, G., and Faucon, A., Compt. rend., 

159, 314 (1914); Bull. soc. chim., 19, 350 (1916). 

® Binz, A., and Hughes, B., Ber., 68B, 1513 (1935). 

8 MaeKenzie, T.-C., and King, A. A., “Practical Ultraviolet Light Therapy,” New York, Wood 1926. 
64 Hymas, F. C., Quart. J. Pharm. 2, 281 (1929). : 
& Benrath, A., and Hertel, E., Z. wiss. Phot., 23, 30 (1924). 

6 Lyons, E. H., Jr., and Dickinson, R. G., J.. Am. Chem. Soc., 57, 443 (1935). 

» 
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ae - : : irradiation. Formaldehyde continuous absorption beginning at about 2000A and extending to 15094 salts of iron, cobalt or uranium before the irradia y 
believed a decomposition into alkyl and hydroxyl radicals to be Probable, ‘p ris oe also formed.** Cantieni paar vias ely . geri 
and Neuimin7® find that methanol when decomposed in the Schumann — a rious concentrations, to give oe a ea tonatha ces se 
emits bands indicative of the presence of hydroxyl radicals in excited a + CH»CH (OH) CH200H being pos = : ee eee eee 
From studies of the continuous absorption of a number: of alcohols in the “— ce for the formation of the interme iate 1 
state, Fukumoto 79 reports the energy of dissociation of the carbon to hyq ap et ed in a titanium sulfate titration. - re eae 
bond to vary from 133.6 to 152.2 kcal. per mole for the series from methanol x a he oxidation of ethyl alcohol can be photosensitized Hy t . di ee # “ ea 
n-CyoHo;OH. For the isomers of butyl alcohol, no regularity was to be fo b peroxide. The oxidation 1s. a Chain reaction of s ae és om a soars 
in the energy of this bond, although it was at a maximum, 141.9 kcal. im "4 _ fe with that of the chains postulated in the Haber-Wills wee 
normal alcohol. a atible hain reactions set up in the enzymatic oxidation of alcoho 

xide-sensitized oxidation of mannitol known to Henri and 
p ihe a a Pee raty been studied by Salley.91 At a constant initial hydrogen 

ganc, (lc. ncentration, increase in the mannitol concentration causes an increase 
yeroxide hy of absorption of oxygen and a simultaneous decrease in the rate of 
in ie on of the hydrogen peroxide. At a sufficiently high mannitol concen- 
Me owvever the rates of both reactions become independent of the mannitol 

tion Since a maximum of two molecules of oxygen can be absorbed 

—, molecule of hydrogen peroxide which disappears, the photosensitized 
a i. n of the mannitol does not appear to be a chain process. In the presence 

Be iamine an inhibitor of the photolysis of hydrogen peroxide, the rate of 
of 4 Bt esition of the peroxide in the mannitol mixture is increased. At the 

ze hc the rate of absorption of oxygen apparently decreases, probably owing B the ee euction of the hydrogen peroxide with some evolution of oxygen. 

Ketones and alcohols undergo mutual oxidation in light, according to ate ee 

‘mann, Bergmann and Hirschberg,9? who cite the earlier observations. ceto- 

a Borie and butanol give the pinacol of acetophenone, butanol being dehydroge- 

= to butyraldehyde. Acetophenone reacts in an analogous fashion whe 

cyclohexanol, phenylmethylcarbinol, ethanol and isopropanol. The hares op mf 

hexanone-cyclohexanol gives but a poor yield of Pee aera : 1e 

“system acetone-butanol gave two isomeric forms of sym-dipropy glycol, a - in 

the first fractions of the reaction product, butyraldehyde and isopropano a is 

assumed that the first step in these processes is the activation of the a ele ree 

‘pound leading to a diradical form which reacts with the carbinol, splitting | ; 

-C-H bond and giving two radicals. These subsequently stabilize by symmetrica 

‘or unsymmetrical dimerization or by a second oxidation-reduction process. 

The alcohols are stable to ultraviolet rays,8° unless the wave- mere 
than about 2000A. Methanol and ethanol are decomposed by su 
Methanol gives some formaldehyde, but most is decomposed i 
carbon monoxide. Indeed, the products of the alcohol 82 decomposition are f to be about 80 per cent hydrogen and 20 per cent carbon monoxide. (Etha e 
gives hydrogen and acetaldehyde.) There is as yet no evidence for the formatio 
of atomic hydrogen. The quantum yield is between one and two.83 From tha 
failure of the para-ortho hydrogen test for free radicals, Patat did not believe th, primary process could be the dissociation of the carbon-hydroxyl bond suggested fy 
spectroscopic observations. | ; 

Elhart and Orth 4 state that goldfish are anesthetized more rapidly in methano 
or ethanol solutions when these are irradiated because of the formation of alde. 
hyde and acid. a 
_ Cantieni ®° finds that in the presence of oxygen, methanol forms peroxide j 
the absence of water, the presence of which retards its formation. The peroxide CH;00H is assumed to oxidize methanol in the presence of ultraviolet ligh 

_with the production of traces of formaldehyde. Peroxide formation occurs mou 
rapidly with isoalcohols, rapidly with methanol and more slowly in the remaining 
normal alcohols. In ultraviolet light of longer wave-lengths the rate of forma- 
tion of peroxides increases with an increase in the number of carbon atoms in 
the alcohol. Cantieni also finds glycol to form a peroxide HO-CH,CH,0,H. 
This, reacting with excited glycol molecules, gives carbon dioxide, water and 
elycol.86 : " 

According to Henri and Ranc,§? glycerol, as such or better in aqueous solu- 
tions, suffered some decomposition, especially in the presence of air. A small aa 
quantity of a substance giving a positive phloroglucinol reaction for glycerie 

lengths be shot 
ch wave-lengths 
nto hydrogen a1 

aldehyde was formed. In alkaline solution, B-acrose was apparently identified R, R; | Rs / Bk by means of the phenylosazone. Its amount could possibly be increased b the ot oe 
y, phenylosaz Pp 2 y : ‘C40 + gs ee C—OH* + C—OH 5 Terenin, A., and Neuimin, H., Nature, 134, 255 (1934); J. Chem. Physics, 3, 436 (1935). wi 3 PA rae r Airs 7 Fukumoto, Y., Nature, 134, 538 (1934). : Rs Ke, Et Ry 4 - Mice)” D., and Gaudechon, H., Compt. rend., 156, 68 (1913); Volmar, Compt. rend., 182, 1607 (1926). 

81 Patat, F., Anz. Akad. Wiss. Wien. Math-naturw. Kl., 93 (1933); Chem. Abs., 28, 6371 (1934); 
Patat, F., and Hoch, H., Z. Elektrochem., 41, 494 (1935). 

+ _Eticke, H., and Hart, E. J., J. Chem. Physics, 4, 418 (1936) believe methanol to give directly hydrogen and formaldehyde. a 

880.8 for ethanol in solution, according to Farkas, L., and Hirschberg, Y., J. Am. Chem. Soc., 59, 
2450 (1937). Isopropyl alcohol yields acetone and hydrogen. One of the hydrogen atoms comes from 
the OH and the other from C—H . : 

84 Elhart, W., and Orth, O. S., Anesthesia and Analgesia, 14, 15 (1935); Chem. Abs., 29, 3401 (1935). a (1 
8 Cantieni, R., Ber., 69B, 1101, 1386 (1936). Cf. Milas, N., U. S. P. 2,115,206-7, April 26, 1938; » “Salley, D. J., J. Phys. Chem., 38, 465 (1934). . So ven PISE). Chem. Abs., 32, 4606 (1938). } ® Weizmann, C., Bergmann, E., and Hirschberg, Y., J. Am. Chem. Mae ’ 14. 2785 (1920): 15 . 8 Cantieni, R., Z. wiss. Phot., 36, 116 (1937). % Cohen, W. D., Proc. Acad. Sci. Amsterdam, 26, 443 (1923); Chem, Sere rae? F | ; 39, 243 (1920). See also 7 Henri, V., and Ranc, A., Compt. rend., 154, 1261 (1912); Bierry, H., Henri, V., and Rane, A» 3617 (1921); 18, 50 (1924); Boeseken, J., Rec. trav. Chim., 40, 433 (1921); 39, 243 ( ) lbid., 152, 535 (1911). Chapter 25. 

A photocatalytic influence of ketones on the velocity of oxidation of ethyl ee 

other alcohols was described by Cohen.9? The velocity was found to be inde- 

8 Henri, V., and Ranc, A., Compt. rend., 151, 316 (1910); Biochem. Z., 64, 257. (1914). 

8° Cantieni, R., Ber., 69B, 1796 (1936). 
= taylor, H. S., and Gould. A. J., J. Am. Chem. Soc., 55, 859 (1933); J. Phys. Chem., Sty oor 

933). 
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4 jncreasing hydrogen ion concentration, the yield increases to a limit of 1.8 
 wave-lengths between 4360 and 3665A.100 
B iassium ferrocyanide solution gives an orange coloration with isobutyl 

ool, especially in light.101 

pendent of the concentration of the ketone within wide limits and Proportin. 4 
the alcohol concentration.°* The ketone itself either remains unchanged a a 
a pinacone. Either benzophenone, aliphatic g-diketones or a, B-diketone for 
an aromatic nucleus could be employed. No absorption peak in the ketone a 
trum appeared to coincide with the wave-length range which proved Z 
(4000-4100A). <— 

Boeseken and Langedijk employed the reaction to effect a partial asymm 
synthesis. The J-menthyl ester of o-PhCOC,H,COOH was used to catalyze 4 
oxidation of racemic methylethylcarbinol and caused after a hundred hoa 
levorotation of between 0.03 and 0.04° in a 20-cm. tube. “ 

Berthoud % concluded that, at least in the case of benzophenone, it is the y 4 
violet absorbed by the ketone which is active. He also found the rate Proport; é 
to the intensity of the ultraviolet rather than, as the earlier workers believed, the square of the visible light intensity. For complete absorption of the availah 
light, the rate, after an induction period of 30 to 60 minutes, reached stall 
value inversely proportional to the concentration of oxygen. At 36604. 4 
quantum yield for oxygen consumed was 18 and the temperature coefficient wan 7 

_ Benzoquinone also effects the oxidation of alcohols when irradiated by Y 
wave-lengths 4050, 4080 or 4360A; the quantum yields are unity,.%6 i 

The action of sunlight on the oxidation of alcohols by powdered potassixy 
dichromate °7 produces only aldehydes. With methyl alcohol, the dichromate | 
reduced to chromic hydroxide and with ethyl alcohol to a brown powder 
unknown composition. The ratio of the yield of aldehyde to the quantity , 
dichromate reduced increases with the time of exposure and reaches after 12 t 
24 hours a value of two. With large quantities of dichromate present, the yie 
of aldehyde drops because of the screening effect of the precipitates formed at 
of the dichromate itself. Plotnikow,®* as well as Bowen and co-workers, ge 
the dichromate ion in solution. Plotnikow described a wide variety of phot 
oxidations effected by this compound. Ethylene glycol rapidly becomes alkali 
and deep green, glycolaldehyde and glyoxal being produced. Glycerol solutiot 
yield glyceric aldehyde and acid and dihydroxyacetone. Propyl alcohol giy 
propionaldehyde and traces of propionic acid, and isopropyl alcohol acetone an 
acetic and formic acids. Amyl alcohol yields an aldehyde and a brown precipitat 
of a chromium chromate. — | —_— 

Bowen emphasized the fact that, although in acid solutions the aldeh#de | 
formed without the production of any chromium precipitate, in neutral solution 
there results a precipitate of uncertain composition. In neutral and alkaline solu 
tions, the chromate ion present is photochemically inactive. The quant m 
efficiency is independent of the light intensity, of added acid (if not too little i: 
present), of temperature and of the dichromate ion concentration between 0.1 anc 
0.01N. Only the ion HCrOg is effective. In strongly alcoholic solutions the 
quantum yield is approximately one, but in weaker solutions it is diminished. 

ETHERS 

; It has been noted 19 that some samples of commercial ether develop peroxides 
hen exposed to ultraviolet rays and so are unsuitable for use in the tropics, 
; ough they satisfy all the usual tests for purity. Irradiation may be employed 

_ testing the stability of various samples. Although Athias at believes atmos- 
Bric oxygen to be concerned in the decomposition of ether in. light, Binz 1° 
a d the photochemical formation of peroxides to be independent ot the presence 
: atmospheric oxygen. Little is known of the nature of the reaction. 

Jn the presence of uranyl nitrate, sunlight is capable of forming oxalic acid 
Bi ether, according to Rowell and Russell.1°° They suggest that the light 
sduces the uranyl to the uranous ion and oxidizes the ether to diglycol, of which 
art is oxidized to diglycollic acid and part hydrolyzed to glycol, which is further 
vidized to oxalic acid. ; 
~ Milas 1° found the rate of peroxide formation in ethers to depend largely on 

b . type of groups attached to the oxygen atom. Ultraviolet light greatly accel- 
sated the rate of autoxidation of dibenzyl ether in particular. 
- Acetone photosensitizes dimethyl ether vapor, the rate of decomposition vary- 
no with the concentration of the ether, the square root. of the absorbed light and 

sely as the square root of the acetone concentration.1°° The quantum yields 
based on carbon monoxide formed were as low as 5 and as high as 230 depending 
an the light intensity and total pressure. With diethyl ether, the quantum 

rields were one-tenth as great under similar conditions. 

100 See also Fugassi, P., J. Am. Chem. Soc., 59, 2092 (1937). 

101 Kutzlnigg, A., Z. anal. Chem., 77, 349 (1929); for the action of quitiones on alcohols, see Chap- 
ter 25 

Mi erscdee, S. G., Analyst, 59, 815 (1934): Brit, Chem. Abs>-B;. 173 (1935). 
408 Athi ; Chim. et ind., 14, 744 (1925); Chem. Abs., 20, 478 (1926); 
i 3” ae ee No. 520, 529 (1925); Chom, the. 20, 478 (1926). 
404 Binz, C., Siiddeut. Apoth. Ztg., 70, 128 (1930). .— . 

105 Rowell, S. W., and Russell, A. S., J. Chem. Soc., 127, 2900 (1925). 
206 Milas, N. A., J. Am. Chem. Soc., 53, 227 (1931). 
107 Leermakers, J. A., J. Am. Chem. Soc., 56, 1899 (1934). 

ys 

® Boeseken, J., and Langedijk, S. L., Proc. Acad. Sci. Amsterdam, 35, 1124 (1926); Boeseken, J 
Cohen, W. D., and. Langedijk, S. L., Rec. trav. Chim., 46, 383 (1927). 

% Berthoud, A., Helv.. Chim. Acta, 16, 592 (1933). 

%6 Berthoud, A., and Porret, D., Helv. Chim. Acta, 17, 694 (1934); see also work of Leighton and 
Forbes discussed under..actinometers in Chapter 7. 

97 Schwarz, M., Z. Elektrochem., 32, 15 (1926). gy 
8 Plotnikow, J., Chem. Ztg., 52, 669 (1928); Cantieni, R., Ber., 69B, 2282 (1936) believes th 

_ reaction proceeds through a peroxide. 4 

® Bowen, E. J., and Bunn, C. W., J. Chem. Soc., 2353 (1927); Bowen, E. J., and Yarnold, E. ‘3 
Ibid., 1648 (1929); Bowen, E. J., Peacocke, T. A., and Wellburn, E. R., [bid., 1866 (1931); Bowen 

J., and Chatwin, J. E., Ibid., 2081 ° (1932). A 
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“i Bate that they are subsequently decomposed both by the excited mercury 

ng and by atomic hydrogen. Methane is the stable product formed in the gas 

Beond a liquid polymer C,H», is deposited on the walls. Jungers and Taylor? 
Behe mercury-sensitized hydrogenation more rapid in the case of deutero- 
cene that of ethylene. Methane is formed only in negligible amounts, butane 

tno the important product with small amounts of ethane. At low hydrogen 

centrations, 4 photosensitized polymerization occurs; it is slower in the deu- 
mn compound. 
"In the presence of oxygen, irradiation of ethylene produces some formic acid.8 

The compounds discussed in the preceding chapter have been relatively j, , general, in ethylenic and acetylenic compounds in the presence of oxygen, the 

photochemically, reacting (if at all) with low quantum yields, except in the a ible and triple linkages are ruptured and simple acids are formed. In the 

of sensitized processes or in reactions in which the light is absorbed by . 4 ' f ammonia, cyclic compounds are produced. Ethylene, for example, resence O 

other reactant. It has long been known that in ring compounds the presence | rst yields amino-ethylenes ; then ring formation takes place with production of 

double bonds is usually necessary for marked absorption of the longer ultrayio ympounds of the pyrrolidine and pyridine types, which may be regarded as the 

wave-lengths. Of the olefinic compounds, ethylene exhibits absorption Wee jother substances of alkaloids. According to Milas, Kurz and Anslow,° hydro- 

begins at 2100A and is nearly complete at 1850-1990A, a region in which etha, 
peroxide reacts with double-bonded compounds on exposure to ultraviolet 

exhibits no absorption. The introduction of various substituents in molecules eo 
ight to form glycols, possibly because of a decomposition to two hydroxyl radi- 

taining a double bond frequently displaces the absorption to longer wave-lenot} is. By this reaction, glycerol, dihydroxybutyric acid, meso-tartaric acid and its 

Particularly effective is the presence of one or more conjugated double bonds, 1 
peat Me OLE: grit - 

tiethy! ester have been prepared from allyl alcohol, crotonic acid, maleic acid and 

makula has recently demonstrated. | 
its diethylester, respectively. 

Several possible types ot reactions may follow upon the absorption of lig! _ Trichloroethylene undergoes a chlorine-sensitized photo-oxidation at 4360A 

by double bonds. Usually only one of the two carbon-to-carbon linkings 
: 

to dichloroacetyl chloride. It is a chain reaction (quantum yield 40) of zero 

broken. Polymerization may result, two or more of the photochemically produe order with respect to the trichloroethylene and oxygen. The rate is proportional 

molecules with free valences combining. In an absorbing compound with sy to the absolute intensity of the light absorbed.1° 

stituents on each carbon atom adjacent to the double bond, after absorption _ Matthews and Elder 14 produce compounds of sulfur dioxide and 

energy has broken one linkage, there may be a rotation about the remaining lin hy rocatbons by direct combination by exposing the mixed li cet peste. 

ing so that when molecules suffer a collision the double bond may be reforme ultraviolet rays, or in some cases by heating. The exam ee iven : iene ie 

with the production of the stereoisomer of the original compound. More rare mds with pseudo-butylene (CyHgSOz) propylene pu ie i th ae 

and particularly when the shorter wave-lengths have been absorbed, the energ The butylene product is a horny or glassy clear white solid mats A hl a 
is transferred within the molecule to alkyl groups, which may be decompos or tetrachloroethane and not easily Aaenmable, It can be ‘used f =u Tae Ea 

with evolution of hydrogen and formation of compounds with triple linkages. _ nishes, transparent films, etc., and may be mixed with celluloid ce soft a 
| both with acetone. It renders the celluloid less flammable. Work on this ie 
tio has been reviewed by Snow and Frey,!* who find from their own experiments 

_ that the reaction occurs in the liquid phase, the effective wave-length range being 
3000 to 38004. It is catalyzed by oxygen, organic peroxides, hydrogen peromuie 

inhibited by nitric acid or hydrogen sulfide and is slowed at high tempera: 

ss ‘Uranium salts sensitize various ethylenic compounds as well as aldehydes to 
3 sunlight. Acetylenic compounds react even more readily,!°> aldehyde and formic 
: a being produced. Amylene yields amyl alcohol. Cyclohexenes, but not cyclo- 
_ hexanes, behave similarly, but benzene does not react in the absence of a side- 

Chapter 23 

The Behavior of Unsaturated Compounds 

SIMPLE DECOMPOSITIONS _ i 

Mooney and Ludlam? have shown that ethylene can be decomposed by wave 

lengths shorter than 2100A, giving acetylene and hydrogen, together with 

small amount of a polymerized product. The long wave-length limit of 2110/ 

corresponds with the heat of dissociation of ethylene into acetylene and hydrogen 

135 kcal. According to McDonald and Norrish,* ethylene at low pressures whet 

‘rradiated in the fluorite region deposits a polymer and forms hydrogen and | 

condensible gas composed of at least two fractions. X 

_ In the presence of excited mercury atoms, ethylene is first slightly decom 

posed and then the remainder is polymerized.5 In the presence of hydrogen 

ethane is formed, the rate being proportional to the square root of the hydroget 

concentration. Taylor and Hill® agree that saturated hydrocarbons are formet 

Sechain. 

The photoch e photochemical reducti i ichr a on of sodium dichromate by ethylene glycol has 

q aaa J.C, and ‘Taylor, H. S., J. Chem. Phys., 6, 325 (1938). 

1 Gmakula; A., Angew. Chemie, 47, 657 (1934). q | : ee i and Gaudechon, H., Compt. rend., 150, 1327 (1910). 

Set a Bt cal Lada, & B, Trams Faraday Soc., 28, 442 (1929). i ro fs. 2 . P. F., and Anslow, W. P., J. Am. Chem. Soc., 59, 543 (1937). 

and Glaser, F a , K. L., and Schumacher, H. J., Z. physik. Chem., B37, 365 (1937). 

_3 Berthelot, D., and Gaudechon, H., Compt. rend., 155, 207 (1912); Klever, H. W., S24) Bi Vatthe _ ae 

Mitt. Chem.-tech. Inst. Tech. Hochschule Karlsruhe, No. 1, 1 (1922); Chem. Abs., 18, 1976 G aM - Chem., 1, ee Cibiey. and Elder, H. M., British P. 11,635, May 11, 1914; Reports Progress Applied 

4McDonald, R. D., and Norrish, R. G. W., Proc. Roy. Soc., 157A, 480 (1936). A snow, R. D F 

5 Olson, A. R., and Meyers, C. H., J. Am. Chem. Soc., 48, 389 (1926). 7 E Aloy, J ; a d - ee Ee eee ees Chem., 30, 176 (1938). 

6 Taylor, H. S., and Hill, D. G., J. Am. Chem, Soc., 51, 2922 (1929). y, J., and Valdiguié, A., Bull. soc. chim., 37, 1135 (1925). 
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been found to be affected by the presence of water.4* For equal amounts a 

the ratio of the reductions occurring in one hour with water present andl i 

absent was 59 to 79. Within the range of 0.2 to 0.6 per cent concentratins 
the dichromate in the glycol, the amount of decomposition was Proporta 

the time. a 
Reactions in which halogens are added at the double bond are considera: 

Chapter 28. J ; Tec 

| chloride and vinyl bromide polymerize rapidly when exposed to light. 

ey ride forms an amorphous insoluble substance of specific gravity 1.406, 
_ chil Bis above 130°C., with decomposition.2° The polymerized bromide is 

a 2 insoluble in water, alcohol, or ether, has a specific gravity of 2.075 and 

ws to decompose at 125 to 130°C. Plotnikow 2° stated the properties of the 

mm chloride polymer, probably (CH2CHC1)4., formed by the extreme ultra- 

, ; a rays of a mercury arc, to be those of a “synthetic rubber.” Sunlight is 
as anos | Dive only in - ae - catalysts, ais i bas sae 7 eee cobalt, 

j * t especially, the uranyl salts. .5-per cent 
Berthelot and Gaudechon ! observed that ultraviolet rays po gel, copper eek in a es 

to a liquid having the-odor of rancid fat, and boiling below 100°C BEMIS Carbon tetrachloride accelerated the transformation. ‘The ‘white 
Hie Uf the meronty art by taeene of ammonia, the vate of the 26g a 
with the ammonia concentration. The formation of saturated hydrocarhgil rying trom P : 

the reaction system with varied ratics of hydrogen to ethylene is subordinate j 
the polymerization process. An oil is produced which probably contains , 

nitrogen of the ammonia decomposed in the process. Emeléus and Tayi 

found methylamine and ethylamine to induce a similar photopolymerizatign 
ethylene at temperatures above 200°C. Jungers and Taylor?’ find that ethye 
cannot be polymerized in quenching the resonance radiation of sodium, posgip 
because of unfavorable localization of the energy received by the ethylene jy ¢ 
quenching process. It can be induced, however, by the photodecomposition — 
admixed acetone, due to an effect of radicals from the latter. It is also polyme 

ized by ethyl radicals produced by the mercury-sensitized photodecomposition 
ethyl iodide.?® 

Commercial gaseous butadiene, containing 30 per cent pseudobutylene, } 
not the pure bivinyl gas, is polymerized in the light of the quartz lamp to a whi 
solid, insoluble in alcohol, ether or benzene.2® Khokhlovkin 7! found a samp 

of butadiene completely autopolymerized in light (shorter than 2300A) and a 
at room temperature in 515 days. At 45°C., it occurred in 100 hours. Lig! 
considerably increased the rate of the autocatalytic process. Gee2? finds th 
quantum yield (0.3) of a mercury-sensitized polymerization nearly independe; 
of the pressure. The main product was an insoluble polymer, with some hydroge 
and a cyclic dimer, the latter occurring in greatest proportion at low pressure 

ethy], 

4 

Ficure 115. 

Apparatus for Synthesizing “Rubber” from 

| Vinyl Chloride. A water-cooled jacket prevents 

i overheating of the vinyl chloride solution. 
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polymer which is somewhat sticky and elastic.?# . 
Ferrer 24 reports that diphenylene ethylene, (CgH,4)2C:CHge, is stable fo 

several hours in the dark, but is completely polymerized and rendered insolubl 
in ether, when exposed for ten minutes to the mercury arc. | 

q -Ostromuislenski 2% obtained by the polymerization of vinyl bromide a material. 
which he termed caouprene bromide. This exists in three forms, called a, B 
and y. When the g and 8 forms are submitted to the action of ultraviolet the 
-y form is yielded. 

It is claimed 28 that if the polymerization of vinyl chloride by sunlight or 
ey ° ° . - 

ultraviolet rays, with or without a catalyst such as a soluble lead salt, is continued 
beyond the acetone-soluble or g-stage, a new -modification, insoluble in acetone 

but soluble in monochlorobenzene, is obtained before conversion into the y- or 
-6-forms. The new form may also be obtained from the y and 6 forms by heating 

them with aniline, quinoline, etc. Monochlorobenzene solutions of the new 

‘Product to which is added a plasticizer, e.g., a dichlorobenzene, yield flexible, 

‘fansparent and non-flammable films on drying. The 8-product is also obtainable 

14 Riesenfeld, E. H., and Hecht, O., Z. wiss. Phot., 26, 369 (1929); Brit. Chem. Abs., 1929A, 895 

15 Berthelot, D., and Gaudechon, H., Compt. rend., 150, 1169 (1910). “| 

16 Taylor, H. S., and Emeléus, H. J., J. Am. Chem. Soc., 52, 2150 (1930); 53, 573 (1931). 1 

17 Emeléus, H. J., and Taylor, H. S., J. Am. Chem. Soc., 53, 3370 (1931). ‘ 

18 Jungers, J. C., and Taylor, H. S., J. Chem. Physics, 4, 94 (1936); Chem. Abs., 30, 2109 (1936) 
Trans. Faraday Soc., 33, 1353 (1937); Brit. Chem. Abs. A, 574 (1937). 

19 hole G. G., and Jungers, J. C., Bull. soc. chim. Belg., 32, 4426 (1938); Chem. Abs., 32, 442 
1938). ; 

30, 2493 (1936). 7 

2. Khokhlovkin, M. A., Sintet Kauchuk, No. 4, 12 (1936); Chem. Abs., 30, 6602 (1936); see alse 

Kublitskii, A. M., Sintet Kauchuk (U.S.S.R.), No. 7-8, 30, 1936; Chem. Abs., 31, 6503 (1937). 

22 Gee, G., Trans. Faraday Soc., 34, 712 (1938). 

28 Dykstra, H. B., J. Am. Chem. Soc., 57, 2255 (1935). 

2 Ferrer, J., Anales soc. espan. fis. quim., 20, 459 (1922); Chem, Abs., 17, 3177 (1923). 

20 Nikiforov, V. K., and Runtzo, P. M., Acta Physicochim. U.R.S.S., 3, 335 (1935); Chem. Abs. 

7 oA 

_ *Baumann, E., Annalen, 163, 317 (1872). 

| *Plotnikow, J., Z. wiss. Phot., 21, 117 (1922); Chem. Abs., 16, 1337 (1922). 

* Ostromuislenski, I., J. Russ. Phys. Chem. Soc., 44, 204 (1912). 
is *Van Dyk, L. A., British P. 255,837, June 29, 1926; Brit. Chem. Abs., 1927B, 564, 
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from the g-compound by prolonged action of ultraviolet rays and heat or bul 
alone.?9 ' . : yh 

A vinyl halide may also be condensed with a phenol in the presence 
num or ferric chloride, before polymerization by ultraviolet light.30 

According to Guyer and Schiitze,3! 0.1 per cent of hydroquinone pre 
polymerization of vinyl bromide in direct sunlight for several months. 

Stobbe and Toepfer 32 report that p-vinylanisole is polymerized when nia. 
in glass tubes in direct sunlight, the extent of reaction being about the same an 
four days’ exposure as after four hours at 100°C. in the dark. If a little of E 
polymeric form is added, the polymerization proceeds as far in one day as i q 
in four with the pure substance. When p-vinylanisole in quartz tubes at 390 
is alternately irradiated by a quartz mercury lamp and kept dark, polymerizag: 

appears not to proceed during the period of raying, but during the foloy: 

periods of darkness. It is believed that polymerization by rays of wave-lenos 
longer than 3300A may be reversed by rays of shorter wave-length. | 

The polymerization of vinyl esters gives rise to various useful products 
It may be accelerated by benzoyl peroxide, ozonides, and by anhydrides | 
organic acids used in conjunction with agents yielding oxygen, as perborap 
percarbonates, silver oxide, etc. .The polymerization products are solid, colorle 
and transparent celluloid-like masses which are odorless and can be turned, q 

planed and otherwise manipulated to form various articles. These soli, 
rendered plastic in hot water, can be molded; upon cooling, the material harde, 
again. Chlorinated esters may also be polymerized by heat and light in a ty, 
stage operation and employed in lacquers. | 

Oxygen inhibits the photopolymerization of vinyl acetate, the temperaty 
coefficient of which is markedly greater than unity. The quantum yield is 4 
at 2300A, 1.2 at 2536A and 936 with a 3000 to 4000A band, indicating a cha 
mechanism.?* The effects of various inhibitors in ethyl acetate as solvent ha 
been studied by Jeu and Alyea,?> who followed the rate of the reaction by meast 
ing the unsaturation by means of Wijs’ solution. Among sixteen representati 
inhibitors, which include alcohols, esters, acids, amines, oximes, phenols, alc 
hydes and alkaloids, the relative inhibitory power is approximately the san 

for this reaction as for the oxidation of sodium sulfite. There is, however, no 
obvious relation to their effects on the photolysis of hydrogen peroxide. Pyro 
gallol is about 3200 times as effective an inhibitor as is ethyl alcohol. 

Groff 26 described a highly plastic composition formed by fluxing on hi 
differential rolls (100-120°C.) and sheeting out, a mixture of 100 parts vin 
resin (formed by polymerization of 80 parts vinyl chloride and 20 parts vim 
acetate), 60 parts ethylene glycol monoethyl ether diester of ethylene glyet 
phthalate, 1 part carnauba wax, 1 part calcium stearate and 1 part caleiu 
hydroxide. Exposure for 100 hours to radiation from a mercury arc at a distane ence 

of 20 inches caused only a slight discoloration and did not affect the flexibilit | ®British P. 385,004, Dec. 22, 1932, to I. G. Farbenind. A.-G.; Chem. Abs., 27, 4251 (1933). 
Vinylethinylcarbinols may be polymerized by the action of air, light or boty _ “Shmidt, Y., Org. Chem. Ind. (U.S.S.R.), 5, 116 (1938); Chem. Abs., 32, 5957 (1938). 

“ British P. 409,132, April 26, 1934, to British Celanese, Ltd.; Chem. Abs., 28, 6158 (1934). 

ed Waterman, H. I., Leendertse, J. J., and Colthoff, P. J. G., Chem. Weekblad, 32, 550 (1935); Chem. 
Abs., 30, 1147 (1936); Blackie, K. G., and Crozier, R. N., Ind. Eng. Chem., 28, 1155 (1936). See 

o} Plauson, H.,; U. S. P. 2,127,135, Aug. 16, 1938; Chem. Abs., 32, 8043 (1938) for vinyl acetate 
_ Polymerization by light when emulsified with sulfonated castor oil. 

 *Curme, G. O., Jr., and Douglas, S. D., Ind. Eng. Chem., 28, 1123 (1936). 

oe Sherts, J. H., and Fix, E. L., Chem. Met. Eng., 43, 177 (1936). Of a series of synthetic plastics 
tested for suitability for flexible windshield material for aircraft, cellulose acetobutyrate and vinyl 
ee resins showed the greatest resistance to discoloration by ultraviolet light, but had certain dis- 
eavantages. Axilrod, B. M., and Kline, G. M., J. Res. Bureau of Standards, 19, 367 (1937): 

* Duggan, F. W., U. S. P. 2,126,179, Aug. 9, 1938; Chem. Abs., 32, 7610 (1938). 

sncess 18 accelerated by the use of halides such as those of zinc, iron, alumi- 

Be aony bismuth, boron and tin, organic peroxides such as benzoyl per- 
m, an b ciy! peroxide, ozone, hydrogen peroxide or persalts, or by accelerators 

*- osaotochemical reaction such as uranyl nitrate.2% Products of various 

a Bes and solubilities are obtained, suitable for use in coating composi- 

asist anufacture of safety glass, impregnation of paper or cloth, or in compo- 

c 4g for molding, etc. | 
us 28 describes the polymerization of vinyl compounds containing hydro- 

“1e groups, as hydroxyl, carboxyl, sulfonic acid, amino or other acid or basic 

0s, which render them more readily soluble or dispersible in aqueous liquids. 

i chloride is heated to 80° to 100°C. in an autoclave with sodium glycol to 
BE uce elycolmonovinyl ether; this product may be polymerized by warming 
Be henzoy! peroxide and under the radiation from a quartz mercury-vapor lamp. 
a polymerized product may be dissolved in water and used directly as a size.®® 

~The polymerization of vinyl chloride by heating with a small proportion of 

enzoy! peroxide at about 50° to 60°C. for 24 hours may be assisted by a pre- 
Bary exposure of the initial material in the gaseous state to rays from a 

ercury Jamp.4° Voss and Dickhauser *” obtain products resembling celluloid 
yy gradually heating a vinyl halide under pressure to a temperature preferably 
ot above 100°C. The halide may be irradiated, and an inert or a polymerizable. 

‘eanic solvent, such as benzene or butadiene, and a catalyst such as benzoyl 

eroxide may be present.* se 
4 Shmidt states that the powdery-product obtained by polymerization of vinyl 
hloride without a solvent is converted into a colorless, glass-like mass on pro- 
onged exposure to the light of a quartz mercury arc. tar 

_ The polymerization of vinyl derivatives of phenols or cresols may be conducted 

in the presence of anhydrous aluminum chloride or ferric chloride as condensing 
ts by the action of ultraviolet light or heat.44 Pressure polymerization is 

used in the preparation of resins from vinyl chloride by Waterman, Leendertse 

and Colthoff.4° Although polyvinyl chloride has poor light  stability,4® glass 
Jaminated with a vinyl resin showed no discoloration after exposure for a thou- 
sand hours to the Uviarc or after two years in Florida.4? 

Sees Carothers, W. H., Berchet, G. J.,.and Jacobson, R. A., U. S. P. 1,963,074, June 19, 1934, to 
E. I. duPont de Nemours & Co.; Chem. Abs., 28, 4848 (1934). 

»* Dreyfus, H., British P. 398,173, Sept. 1, 1933; Chem. Abs., 28, 1360 (1934). ; 

| Note also Zhukov, I., Komarov, V. A., and Sibiryakova, G. N., Colloid J. (U.S.S.R.), 1, 9 
(1935) for bivinyl polymers. For the effects of light on the oxidation rates of_1,1,5,5-tetraphenyl- 
: Meiosc and 1,1,6,6-tetraphenyl-1,5-hexadiene, see Bauer, K. H., and Herzog, H., J. prakt. Chem., 
aes.“ : 

' “Kilatte, F., and Miller, H., U. S. P. 1,920,403, Aug. 1, 1933, to I. G. Farbenind. A.-G.; Chem. 
Abs., 27, 4816 (1933). | 
_.4t Voss, A., and Dickhauser, E., German P. 579,048, June 20, 1933, to I. G: Farbenind. A.-G.; 
Chem. Abs., 27, 4943 (1933); see also British P. 294,474, July 23, 1927, in which vinyl esters are 
polymerized under ultraviolet to make rubber substitutes, proteins, peptones or amino-acids being added 

of alyr 

engt 

x 7 AY, 
Zz 

2 Van Dyk, L. A., British P. 260,550, July 26, 1926; Brit. Chem. Abs., 1927B, 564. 

80 British Celanese, Ltd., British P. 409,132, April 18, 1933; Brit. Chem. Abs. B, 534 (1934). 

81 Guyer, A., and Schiitze, H., Helv. Chim. Acta, 17, 1544 (1934). 

82 Stobbe, H., and Toepfer, K., Ber., 57B, 484 (1924); Chem. Abs., 18, 2503 (1924). 
83 Klatte, F., and Rollett, A., U. S. P. 1,241,738, Oct. 2, 1917; cf. Kuhl, H., Reports of the Progre 

of Applied Chemistry, Soc. Chem. Ind., 1, 192 (1916); J. Soc. Chem. Ind., 34, 623 (1915). 

84 Vernon, A. A., and Taylor, H. S., J. Am. Chem. Soc., 53, 2537 (1931). 4 

85 Jeu, K-K., and Alyea, H. N., J. Am. Chem. Soc., 55, 575 (1933). r 

36 Groff, F., U. S. P. 1,966,856, July 17, 1934, to Carbide and Carbon Chemicals Corp. 
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Per cent of p. 
UP and an ay 

For stabilizing vinyl resins to light, Duggan uses one to five 
salicylate or other phenol derivative with a single hydroxyl gro 
substituted carboxyl group ortho to the hydroxyl group.4§ 

Ss in the case of the chlorine compounds have been reported: by Mahncke 
eraves..6 There are three absorption regions: (1) continuous, by the carbon- 
os pond from about 2500A with maxima at 1950A for the cis and 1850A for 
: form; (2) bands beginning at about 1540A, and (3) another continuous 
extending down to 750A. In the first absorption region, produced by 
Se tion with an aluminum spark, atomic chlorine appears to be formed, with 
E sily some hydrogen chloride. For this reason, Olson’s second theory is 
oss! ed when the change is induced by light in this region of the spectrum. 
3 ‘chloroethylene also yields small amounts of a solid polymerization product, 

jing at 103.5° to 104°C. These observations have also been confirmed by 
Faller and Ehrmann.°? . 

STEREOISOMERIC TRANSFORMATION 

The trans-isomer has a greater ultraviolet absorption than the ¢; soa 

many compounds, including: CICH=CHCl, C,H;CH=CHBr, CH3;CH=cpy 
CICH=CHI, and fumaric acid.49 “a 

The difference between the absorption curves of the geometrical] isc 
increases with decreasing wave-length. Compounds containing iodine diffes 
that this relation is inverted at wave-lengths greater than 3000A, th CG Cis fo. _ 
absorbing more in this region than the trans form. The inversion mele . j mre comp ue Hooc CHCOOH 
in some manner to the liberation of free iodine.5° sz 5 Ve 

According to van de Walle and Henne,®! if either the cis or trans isomer C=CH(CH;).C 
chloroiodoethylene is exposed to sunlight for one hour, the same equilibriy 
mixture (which contains 17.5 per cent of the trans form) is obtained, The theal HsC CHs 

ee ooes a cis-trans isomerization in ultraviolet light to a more soluble form.5§ 

q Other Types of Isomerization. ae of the sulfones of B-alkyl- 
yitadienes in alkaline solution under the influence of ultraviolet light consists in 
4 displacement of the double linking in the ring toward the alkyl.®® Tert-butyl- 
hutadienesulfone is isomerized to a compound 

underlying the conversion of geometrical isomers has been discussed by Olson 8 
and by Mulliken,°? and studies of the process were made in aqueous solutios 
of various fumaric and maleic acids by Olson and Hudson,54 who reviewed +, 
earlier experimental work. It is suggested that in the normal state the cari 
atoms of the unsaturated compounds are to be regarded as two tetrahedra joing 
along a common edge. On excitation by light, they may be considered as Oine ; 
only at one corner. Rotation about this corner with inversion of one of the an A H.C—C - Bu 
atoms will account for the occurrence of a transition between optical isomers if) | | 
occurs before a collision removes the energy of excitation and restores a norm y He ¢ 

state in which the double bond is present. Besides the theory of free rotatio 4 aA 
in the upper electronic state, Olson discussed the possibility of the addition of g 
atom or free radical to the face of the carbon tetrahedron, followed by the simy 
taneous ejection of another group accompanied by isomerization.55 . 

The probability p that a molecule in an excited electronic state will retur 
to the trans state on deactivation bears to the probability that it will yield th 
cis form (1-p) the ratio given by 

The isomer of the sulfone of 2-phenyl-1,3-butadiene and ozone when irradiated 
gave propiophenonesulfonic .acid, showing that the change was not a cis-trans 

merism, as believed by Eigenberger ® to occur in the irradiation of isoprene 

sulfone in the presence of alkali. . | | 
/ The homologs of isoprenesulfone isomerize on exposure to ultraviolet,®1 the 
change involving a wandering of the double bond. 

| _ According to Sherrill, Otto and Pickett,®? sunlight and ultraviolet light of 
b—: Cow ~ €or ; shorter wave-lengths transform 2-pentene into an isomeric form with slightly 

erent physical properties. The transformed product adds hydrogen bromide 
form 15 per cent of 3-bromopentane and 85 per cent of 2-bromopentane.® 

irch and Stansfield ®* note that ultraviolet light favors the formation of a 
peroxide in cyclohexene. 

p C é be A if T sly s bi ry Str 

in which ep, and eg, are the extinction coefficients for the monochromatic ligh 
employed and Cy, and Cg, are the mole percentages of the trans and cis isomers 
It was possible to test the relation in the gas state in the case of the isomers of 
dichloroethylene and dibromoethylene. Agreement with the theory was attainec 
for the stationary states set up at various temperatures, the proportion of the twe “gq {Mahncke, H. E., and Noyes, W. A., Jr., J. Chem. Physics, 3, 536 (1935); J. Am. Chem. Soc., ; ; 3 58, 932 (1936). 
isomers present being determined by dielectric constant measurements. Furthe ,,” Miiller, E., and Ehrmann, K., Ber., 69B, 2207 (1936). See also Stockmann, H., and Stoermer, R., 

a [Ber., 47, 1793 (1914)] for work on y-phenylvinylacetic acid in benzene solution. 

_ Kuhn, R., Kéhler, L., and Kohler, F., Z. physiol. Chem., 242, 171 (1936). 
_,, ’ Backer, H. J., and Strating, J., Rec. trav. chim., 54, 170, 618 (1935); Chem. Abs., 29, 2959 (1935); 
hag 3403 (1936). 

_,. Higenberger, E., J. prakt. Chem., 129, 312 (1931); Chem. Abs., 25, 2969 (1931); see also van 
_4uydewijn, E. de R., Rec. trav. chim., 56, 1047 (1937). 

r, H. J., and Strating, J., Rec. trav. chim., 53, 525 (1934); Backer, H. J., Strating, J., and 

49 Errera, J., and Henri, V., Compt. rend., 180, 2049 (1925); 181, 548 (1925). Errera, J., J. phys. 
Radium, 7, 215 (1926). 

50 See also Kirrmann, A., and Volkringer, H., Compt. rend., 182, 1468 (1926); Ramart-Lucas, M ne; 
Compt. rend., 188, 638, 1301; 189, 802 (1929); Bull. soc. chim., 51, 965 (1932); Bourguel, M., Gredy, B., 
and Piaux, L., Compt. rend., 195, 129 (1932). 

51'Van de Walle, H., and Henne, A., Bull. sci. acad. roy. Belg., 11, 360 (1925); Chem. Abs., _ Be Backer, 
1049 (1926). ‘Zuithoff, A. J., Ibid., 55, 761 (1936). 

52 Olson, A. R., Trans. Faraday Soc., 27, 69 (1931). » Sherrill, M. L., Otto, B., and Pickett, L. W., J. Am. Chem. Soc., 51, 3032 (1929). 
58 Mulliken, R. S., Phys. Rev., 41, 751 (1932). . 63 . q . For the ultraviolet absorption spectra of the various isomeric 2-pentenes, Carr, E. P., J. Am. ®4 Olson, A. R., and Hudson, F. L., J. Am. Chem. Soc., 55, 1410 (1933). q “hem. Soc., 51, 3041 ; (1929). 
& Olson, A. R., J. Chem. Physics, 1, 418 (1933). “ Birch, S. F., and Stansfield, R., Nature, 123, 490 (1929), 
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Acetylene. The pure gas exhibits a banded absorption gs 

field,°® or at lower pressures (less than 30 mm.) at 2070A.87 A gee, 
begins at about 1540A and at higher pressures a continuous absorpti 
to set in at about 1880A, but may be due to an impurity.®8 Jonescy 
extrapolated heat of dissociation of 204 kcal. Kato,®® however, claims 

noted on the vaporization of solid acetylene at room temperatures, qa p 
tinuous absorption spectrum and some series of bands with fine struct 

nd sys ’ 

= ives 5 

to 

ure, 
former, showing its strongest absorption at 2560 and 2400A, is held to indi | 

Ce predissociation. 
vibrations. 

Berthelot and Gaudechon 7 found exposure of acetylene to the action of il 
violet rays to bring about a partial polymerization to a yellow solid, but no deco) 
position. No benzene was found in these experiments. 

Daylight or sunlight does not affect carefully purified and dried ac 

any separation of carbon.74 The process is disturbed by the presence of 9 
or moisture, the latter leading to the formation of aldehyde. 

polymerization to be proportional to the intensity of the absorbed light 

the. empirical formula (C,,H,),. 
could be accounted for by side reactions. 

but believed 2200A to produce chiefly benzene. At higher temperatures, 27 

voltatile liquid were also produced. 

cent of ethylene and ethane, but no hydrogen in the gas phase. Bates 
Taylor ™ noted that polymerization could also be effected by excited mercury 
atoms, but that acetylene could not be hydrogenated by hydrogen which had heer 
activated by excited mercury vapor. 

6& Kistiakowsky, G. B., Phys. Rev., 37, 276 (1931). 

66 Hopfield, J. J., Phys. Rev., 29, 356 (1927). 

6? Herzberg, G., Trans. Faraday Soc., 27, 379 (1931). 

68 For data on the classification of the bands, see Price, W. C., Phys. Rev., 45, 843 (1934); Jo 
ee ete pans 199, 710 (1934); Woo, S.-C., Liu, T.-K., Chu, T. C., and Chih, W., J. Chem. 

‘ ; 

® Kato, S., Bull. Inst. Phys.-Chem. Research (Tokyo), 10, 343 (1931); Chem. Abs., 25, 5845 (1935): 
(19 

71 Reinicke, H., Z. angew. Chem., 41, 1144 (1928). . 

. @QLind, S. C., and Livingston, R., J. Am. Chem. Soc., 52, 4613 (1930); 54, 94 (1932). 

Bull, soc. chim. Belg., 46, 503 (1937); Chem. Abs., 32, 2840 (1938). 

7 Kemula, W., and Mrazek, S., Z. physik. Chem., 23B, 358 (1933). 

% Bates, J. R., and Taylor, H. S., J. Am. Chem. Soc., 49, 2438 (1927). 

mee : Pectrum yam 
begins at 2400A according to Kistiakowsky,® or at 2300A according to a, 

We aDpex 

Toad cd 

The latter, appearing below 2500A, is attributed to deformag 

; etyle; 
but with wave-lengths less than 3000A, the reaction occurs at atmospheric F 
higher pressures and at room temperature, giving the yellow product Withoy 

xy ge 
a 4 The Wwave-lene 

limit was set at 2537A or less by Lind and Livingston,” who found the rate 

independent otherwise of the acetylene pressure. The temperature coefficier 
was 1.25, and the quantum yield appeared to be 9.2 for the wave-length 2159, 
This value was somewhat uncertain since measurements had to be limit 
to the beginning of the reaction owing to the deposition of the polymer on ¢# 
walls of the vessel. The solid product, cuprene or a very similar substance, ha 

~~ 

NX 

Some benzene formation was observed an 
Kato confirmed the formation of hot 

cuprene and benzene by the wave-lengths 2103, 2100.5, 2065, 2036 and 2026 

to 376°C., both he and Livingston and Schiflett 73 found benzene to predominate 
the latter workers observed that two nonvolatile solids and a yellow, viscou: 

By following the absorption changes during 
the polymerization of acetylene, Kemula and Mrazek7™* detected the formatior 
not only of benzene, but of naphthalene as well, together with less than 0.25 pet 

ig 
ALL 

nesain 

pe! 

: Se D., and Gaudechon, H., Compt. rend., 150, 1169 (1910); 151, 395 (1910); 155, 542! 
a) i 

13 78 Livingston, R., and Schiflett, C. H., J. Phys. Chem., 38, 377 (1934); see also Ch. Rosenblt 
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pelieved polymerization in the presence of mercury vapor should not 

ed a true photosensitization since it can still be observed when a source 
von which does not emit the lines which excite mercury. The adddition of 
sé cent of oxygen did not affect the reaction. He also believed that an 

oc - was reached with the polymer after the volume had been reduced by 
i but this result could not be duplicated by Kemula.™ Melville 78 

prt a process as a sensitized chain reaction in which the excited mercury 

a i with the acetylene molecule a complex which successively builds up. 
oms hain length is independent of the acetylene pressure, or surface, or of the 

which the chains are started and may at 250°C. attain a maximum of 100. 
4 a n of growth is attributed to a special type of collision of the growing 
- with an acetylene molecule. Jungers and Taylor’ found the rate of 
IY otosensitized reaction to be 30 per cent greater with acetylene than with 

a -hydrogen acetylene. They gave the quantum yield as 6.5 for acetylene and 

for acetylene-Do. 

Both methylacetylene and its double-bonded isomer allene can also be polym- 

“zed to white solids by ultraviolet radiation,8° the quantum yields being 3.5 

* 2.5, respectively. Diacetylene can also be polymerized.*+ 

7 The photochemical oxidation of acetylene yields oxalic acid and a trace of 

jdehyde.®? A mechanism was suggested by Mecke * according to which an 
sxcited acetylene molecule adds directly to an oxygen molecule. Livingston notes 

hat further oxidation of the resulting glyoxal would account for the formation 

£ the oxalic acid. It is also possible that two molecules of oxygen might be added 

) the excited acetylene molecule, the double peroxide then rearranging to 

oxalic acid. In the presence of water vapor in the. gas phase in the absence of 

oxygen or in an aqueous solution, Livingston and Schiflett 84 could detect neither 
the formation of aldehydes nor coo ; 

- Heinemann ®5 claims to secure the union of acetylene and methane by heating 

these gases or irradiating them with ultraviolet rays, in the presence of such 

catalytic metals as iron, nickel, copper, silver, iridium or platinum. 

 Garothers 8° finds the addition of thio-p-cresol to divinylacetylene CH,=CH 
-=CH=CH, to be powerfully accelerated by the light of a mercury arc trans- 
mitted through soda-glass. Ay pent 

Polymerization of 1-chloro, 1-bromo- and 1-iodo-2-vinylacetylene to form 
‘resinous solids may be accelerated by the use of ultraviolet light, benzoyl peroxides, 
-ozonides, etc. The iodine and bromine polymers are very explosive, and the 
chlorine derivative less so.87 | 

_ Aldehydes and Ketones.’ Absorption. These compounds in the gaseous 

q 176 
Is @] 

1 i 

_ Toul, F., Coll. Czech. Chem..Comm., 6, 162 (1934); Brit. Chem. Abs., A, 852 (1934). 

ay ™ Kemula, W., Coll. Czech. Chem. Comm., 7, 319, 491, 493 (1935); Chem. Abs., 29, 7775 (1935); 
30, 1644 (1936). 

_ ® Melville, H. W., Trans. Faraday Soc., 32, 258 (1936). 

er Jungers, J. C., and Taylor, H. S., J. Chem. Physics, 3, 338 (1935). 
» Lind, S. C., and Livingston, R., J. Am. Chem. Soc., 55, 1036 (1933). 

81 Miller, F. G., and Banninger, A., Helv. Chim. Acta, 10, 763 (1927). 

® Livingston, R., J. Am. Chem. Soc., 53, 3909 (1931). 
8 Mecke, R., Trans. Faraday Soc., 27, 374 (1931). 

¢ Livingston, R., and Schiflett, C. H., J. Phys. Chem., 36, 750 (1932). 

Heinemann, A., U. S. P. 1,202,385, Oct. 24, 1916; 1,134,667, Apr. 7, 1915. 

_ *6Carothers, W., J. Am. Chem. Soc., 55, 2008 (1933). . 

' _ Jacobson, R. A., U. S. P. 1,967,864, July 24, 1934; Chem. Abs., 28, 5834 (1934). 
8 For a recent review, see Leighton, P. A., J. Phys. Chem., 42, 749 (1938). 
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state exhibit a broad absorption band attributed to the carbonyl | 
ing its maximum at about 2900 to 2800A.89 

In hexane solutions, the absorption is in general similar. Forma] deh 

example, either as vapor or in hexane at —70°, exhibits absorption chiefly 3 a 

3542 and 2750A, the maximum being at 2940A in hexane and at 20354 etwe 
vapor.9° <Acetaldehyde and propionaldehyde behave similarly. Data ont a 

solutions of higher aldehydes through octylaldehyde have been given by C “a 
Billroth.9? 

Onrs 

In water, however, the absorption of the three lowest aldehydes jg some . 

g-om the nature of the products and from energetic considerations that, 
ee light is absorbed by the carbonyl group, the primary dissociation does 
oust 4 CH» group and an oxygen atom. Instead, CO is thought to be removed 

a the hydrogen atoms combining without first separating from the molecule. 
UY 

> CO + ly —> He + CO 

J view was based upon what was then known of the behavior of other aldehydes 
This If ketones with two different alkyl groups should produce free radicals 
: ketones. : Ms : : Vi 4 “ary process, a mixture of hydrocarbons might be expected as a result of the 

disp ! aced Bear ee : ents lengths, the mecca being at 2800A. The fc the petal decomposition, Actually, it appeared that only one hydrocarbon resulted. 
mation O ydrates a so decreases the absorption. Choral hydrate lacks + Be da free methyl radical be produced from acetaldehyde in the primary process, one 

typical aldehyde absorption band. The same is true of methylal and acetal 2 expect ethane as well as methane. This was not observed. Furthermore, a pri- 
, process involving free radicals might give rise to a short chain reaction, the free 

it) is reacting with an additional molecule of the original aldehyde or ketone. Bowen 

a Watts 103 did, indeed, find a quantum yield of two for the decomposition of acetalde- 
m put it seemed that the occurrence of a complicating polymerization made these 
Pits not very accurate. Norrish, and Kirkbride therefore proposed as a general 
we anism for the primary process in the decomposition of aldehydes and ketones, the 
‘ination of CO, the remaining radicals combining without first separating from the 

sectiie. Stibsequent work has shown, however, that other processes must also be 

mitted. see, for example, the discussion of acetone. 

Schou believes that in aqueous formaldehyde solutions there is less than ; 
molecule of formaldehyde for 1200 molecules of the hydrated or polymeris 

form. Under certain conditions (the presence of a trace of alkali or after pol it 
erization by acid) acetaldehyde gives spectral evidence that some of the nial 
cules are present in enolic form.°? This may be detected by a study of 4g 
absorption coefficients near the minimum close to 2400A. Herold and Woes 
find that propionaldehyde in water forms an association complex and a hydra 
which do not absorb in the same region as the carbonyl group. In propyl aleop, 
as solvent, absorption measurements indicate that the greatest part of the aldehy, y The formaldehyde decomposition can be made to proceed by wave-lengths corre- 

has been converted to the half-acetal.9® ; 
jonding to the region of rotational fine structure, that is, by wave-lengths longer 

‘han those which cause predissociation. The quantum yield was 1.1 at 3030 to 

130A or 0.7 at 3340 to 3650A. In the predissociation region the quantum yield 

was 0.9 (2540-2650A). 
Later, Patat 1°* found that the addition aiegien produced no change in the 
tio of hydrogen to carbon monoxide produced by irradiating formaldehyde 
vapor within the fine structure region longer than 3000A and uncomplicated 

ny an underlying continuum. From this it was concluded 1% that no hydrogen 
s are there produced. Patat showed the same to be true of the reaction 
ucted in part of the predissociation region (3000-2700A), thus supporting the 
rish mechanism. The presence of free hydrogen atoms could, however, be 
ted by this method when the irradiation was made in the region of con-. 

uous absorption. : 7 

_ The primary process advanced by Mecke 196 and by Herzberg 17 involved a dis- 
sociation in the predissociation region into H and HCO. This was assumed to 
ire 92 kcal., the energy of the 2750A line being 105 kcal. Norrish and Patat 

each gave reasons for believing that this is not the actual process at the longer-wave 
portions of the predissociation region. Patat suggests that molecular thermal vibra- 
tions may contribute part of the energy required for the simultaneous breaking of 
two C—H bonds, which must occur’since hydrogen atoms are not detected. { 

__ Experiments by Norrish and Noyes with radiations in the Schumann region 
Save no evidence for the formation of oxygen atoms and CH, in the primary 

_ process, due probably to wave-lengths shorter than 1600A. The final products were 
the same as those produced by longer wave-lengths in the near ultraviolet.198 

Interpretations of the absorption spectra of formaldehyde vapor have bee 
given by Henri and Schou,* by: Herzberg,9? and by Dieke and Kistiakowskys 

Observations in the far ultraviolet at 1750 to 1150A have been reported } 
Price.°® About 32 bands are distinguished between 3550 and 2500A. Those ¢ 

the longer wave-length side contain rotational fine structure but become diffys 
indicating predissociation, at about 2670A to 2750A. This limit is shifted towar 
the red at higher temperatures. 

Reactions. Berthelot and Gaudechon 1% showed that ultraviolet light decor 
poses formaldehyde vapor with the production of carbon monoxide and hydroge 
but no carbon dioxide. Some polymerization also occurred. Bredig and von Gole 
berger, however 1° claimed to have detected small amounts of carbon dioxide and 
methane, but Norrish and Kirkbride 19? were unable to verify these results. They 

89 Purvis, J. E., and McCleland, N. P., J. Chem. Soc., 103,433 (1913); Bielecki, J., and Henri, Vv 
Ber.,-45, 2819 (1912); Purvis, J. E., J. Chem. Soc., 127, 9 (1925); Eastwood, E., and Snow, C. F 
Nature, 133, 908 (1934). : 

90 Schou, S. A., Compt. rend., 186, 690 (1928). 

*1 Conrad-Billroth, H., Z. physik. Chem., B23, 315 (1933). 

22 Schou, S. A., Compt. rend., 182, 965 (1926); J. chim. phys., 26, 69 (1929). 

98 See also Kwiecinski, L., and Marchlewski, L., Bull. soc. chim., 45, 591 (1929). ; 

94 Herold, W., and Wolf, K. L., Z. physik. (Chem., B12, 165 (1931); Z. Elektrochem., 39, 566 (1933) 

% See also Backés, M., Compt. rend., 200, 1669 (1935). 

96 Henri, V., and Schou, S. A., Nature, 118, 225 (1926); Z. Physik, 49, 774 (1928); J. chim. phys. 
25, 665 (1928); Compt. rend., 182, 1612 (1926); 186, 1050 (1928); 199, 849 (1934). 4 

Herzberg, G., Trans. Faraday Soc., 27, 378 (1931). E 

98 Dieke, G. H., and Kistiakowsky, G. B., Phys. Rev., 45, 4 (1934); Proc. Nat. Acad. Sci., 18; 36: 
(1932). See also Kato, S., Sci. Papers Inst. Phys. Chem. Research (Tokyo), 23, 256 (1934); Chem 
Abs., 28, 4312 (1934). . 

99 Price, W. C., Phys. Rev., 46, 529 (1934). ] : a Bowen, E. J., and Watts, H. G., J. Chem. Soc., 129, 1607 (1926). 

100 Berthelot, D., and Gaudechon, H., Compt. rend., 151, 478 (1910). | :  ** Patat, F., Z. physik. Chem., 25B, 208 (1934). 
101 Bredig, G., and von Goldberger, A., Z. physik. Chem., 110, 521 (1924); see also Frank, A., an 7 Patat, F., and Locker, T., Z. physik. Chem., 27B, 431 (1934). 

Pollitzer, E., Monatsh., 34, 797 (1913). 7 - 1% Mecke, R., Nature, 125, 526 (1930). 
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Before considering the photolysis of other aldehydes, a few other react; 60 diffuse bands continue to 2820A.116 According to Leighton and Blacet 

ebmmalieanee ay be briefly mentioned. Ghosh and Nandy™ found its oxidatios. yout diffuse bands extend even further to 2730A, and traces can be detected even at 
ydrogen peroxide in acid solution with a tungstic acid sol as photosensit; Ly ese Al : i ‘banded absorption, a broad continuous 

unimolecular with respect to hydrogen peroxide at low concentrations, Zet, a There is also, underlying the ption, 

become of zero order at higher ones. 
It ten For low concentrations of free hydrochioy ded 

1¢ 4am 

660A tion which begins at about 3080, that is, in the region where the bands 

—e the velocity coefficient varies as the square root of the intensity of the incident tadiauil wy chow some f otational fine structure; it has a maximum at 2750A. The 
but the variation of the velocity with the intensity of the light is much less at hia till total absorption (bands plus continuum) occurs at 1890A.148 
acid concentrations. The quantum efficiency of the reaction is between two and om vreatest the total radiation from a mercury arc, Smith 119 found the rate of the 

ae Feeenin between chierine and formaldehyde, the Gnal prods Usins ion of acetaldehyde vapor to be independent of pressure and directly 
monoxide and hydrogen chloride. By an analysis of the curves giving the chanoe Jocompos! ‘ ; £ the incident licht. That of polymerization was 
pressure with time of irradiation, Krauskopf and Rollefson,“° who used mixtures on “ a ortional to the intensity ot the inciden light. poly saath ce 

reactants in various proportions, concluded two reactions to be involved. The fren a tl proportional to pressure and proportional to the logarithm of the hg 

very rapid reaction, involved the formation of a new intermediate compouns: fon ... A Smith found that decomposition is produced chiefly by the shorter 
chloride, produced together with hydrogen chloride by the action of c ) tensity: 
formed in the primary photochemical process, upon formaldehyde. 
more slowly in a secondary reaction, which might be either a thermal or 
photochemical reaction, to yield carbon monoxide and hydrogen chloride. 
position appeared to be a heterogeneous surface reaction. Under certain con 
first reaction proceded with explosive rapidity. The overall reaction had 
yield of about 10*, and was very susceptible to the action of such inhibitors as 
mercuric chloride. Side reactions, such as the polymerization or decompositi 
maldehyde, the formation of phosgene, or one between hydrogen chloride and 
hyde, were so slow as to be negligible. 

Roman** claims to convert such aldehydes as formaldehyde into alcohols 
action of luminous energy from which harmful radiations have been filtered. 

Acetaldehyde. Acetaldehyde is also partly polymerized and partly decom 
posed into methane and carbon monoxide in ultraviolet light, even that 
sunlight. In some experiments of Berthelot and Gaudechon particularly wit 
extreme ultraviolet rays, it was observed that the proportion of methane % 
carbon monoxide was somewhat less than exactly that corresponding to . 

This was assumed to be due to a polymerization of th simple decomposition. 

acetaldehyde in part to paraldehyde which was then photolyzed to carbon monoxid, 
Radiations of wave-length 2500A cause¢ 

a rapid polymerization, both paraldehyde and metaldehyde being formed. The 
presence of water checked these processes, but favored the formation of formic 
acid. It was also believed that even in the absence of oxygen, a portion of the 

and ethane or more complex substances. 

hlorine 4 
This then rend 

a SENSitize, 
This deeul 

ditions, “+L 

a quantyr 

Oxygen 9 
on of for. 

by th 

_ave-lengths, and that polymerization could be produced throughout the absorp- 

* band with an estimated quantum yield:of only 0.04 for an average wave- 

rt 50A. 

q Betton and Blacet in general confirmed the observations of Smith on the 

-elative predominance of the two types of reactions at various wave-length 

‘sions by careful studies of the quantum yields of each at several pressures 

Be ihe fine structure, predissociation and predominantly continuous regions. 

Fluorescence of the aldehyde vapor could be observed between 3342 and 2804A, 

but not at shorter wave-lengths. Because of this, it was suggested that a 

mechanism involving activated molecules must apply in these regions and be 

concerned with polymerization. It was found that the yield for the polymeriza- 

tion reaction at a pressure of 200 mm. dropped from 0.47 at 3130A to only 0.1 at 

9537A in the region of continuous absorption. Conversely, the yields for decom- 

“position were 0.2 and 0.9 under these conditions. At 3130A there is consider- 

able fluorescence, the bands are not altogether without fine structure and , the 

amount of continuous absorption is small. Here the yield of polymerization | 

4ncreases with the pressure from 0.266 at 14 mm. to 0.638 at 291 mm. The yield 

for decomposition decreases from 0.396 at 14 mm. to 0.193 at 291 mm. This 

‘decrease was attributed to a removal of activated molecules, which were believed 

‘also to contribute to the process of dissociation. The mechanism suggested 

‘for the observations in this wave-length region were analogous to those of 

in 

i il 

aldehyde was oxidized to acetic acid. 

By comparison with a uranyl oxalate actinometer the quantum yield of which 
was taken as one, Bowen and Watts 8 concluded that in the unsaturated vapor 
of acetaldehyde, the quantum yield for polymerization is 1.6 and for decomposi- 

tion 0.4. The use of the more accurate value of 0.55 for the quantum yield 
of the actinometer found by Leighton and Forbes 14 makes these values 0.88 and 
0.22, respectively. 

Norrish for the decomposition of formaldehyde in its long wave-length region. 

RCHO + hy —— RCHO* | 

RCHO* + RCHO —— (RHCO),, etc. for polymerization. 

RHCO* —— RHCO + hv’ (fluorescence. ) 

RCHO* + M ——> RHCO+ M(K.E.) (deactivating collisions) 

RHCO* + M ——> RH +CO+M. (decomposition.) 

The absorption of acetaldehyde extends from about 3480 to: 2300A, with a 
maximum at about 2890A, the absorption falling off on either side, according to 
Smith.™ Bands with distinct rotational structure set in faintly at 3484A and extend 
to about 3300A, below which the structure gradually becomes more diffuse and dis- — 
appears because of predissociation near 3080A. From this wave-length, however, 

In the region of pure continuous absorption below 2730A where the quantum 

yield of decomposition approaches unity, increasing the pressure had almost no 

effect on the yield. In this region, where there was no fluorescence, as well as in 

the diffuse predissociation bands, a decomposition mechanism was suggested as had 

been proposed by Herzberg. It differed from that of Norrish in assuming the 

? : presence of free radicals. 
109 Ghosh, J. C., and Nandy, S. K., J. Indian Chem. Soc., 6, 975 (1929); Chem. Abs., 24, 2055 (1930). 
110 Krauskopf, K. B., and Rollefson, G. K., J. Am. Chem. Soc., 56, 2542 (1934). ; 

111 Roman, L. H., French P. 734,065, July 19, 1930; Chem. Abs., 27, 992 (1933). 

112 Berthelot, D., and Gaudechon, H., Compt. rend., 156, 68, 233 (1913). 

118 Bowen, E. J., and Watts, H. G., J. Chem. Soc., 1607 (1926). 

114 Leighton, W., and Forbes, G. S., J. Am. Chem. Soc., 52, 3139 (1930). 

115 Smith, J. H. C., Carnegie Inst. Reports, 27, 178 (1928). 

116 Schou, S. A., and Henri, V., Z. Physik, 49, 774 (1928); Henri, V., Trans. Faraday Soc., 25, 765 

(1929); Schou, S. A., J. chim. phys., 26, 1 (1929). ; : ene 

Lei _ E., J. Am. Chem. Soc., 55, 1766 (1933). 
ee tuante ct sake cuit dane: fab the absorption spectra of aqueous solutions altering 

the amount of an enolic form, see Schou, S. A., Compt. rend., 184, 1452 (1927) and Fromageot, C., 

J. chim. phys., 24, 623 (1927). 

= Smith, J. H. C., loc. cit. 
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RHCO + hy ——> R+HCO 
ReeCO = RAs CO 

HCO +HGO: => Bas bhi2CO 
R+HCO+M ——> RHCO + M. : 

That some polymerization (yield 0.1) could still be observed 
lengths suggested the possibility that the free radicals could induce polymers. 
tion in other molecules through the formation of intermediate compounds, q 

Particularly interesting results were obtained with the wave-length 334. 
which lies between two band maxima, so that the absorption is ascribed id cipally to the weak underlying continuum. The result was a high i 
yield for decomposition as in the short wave-length regions (0.72-0.82) a 
little or no polymerization. This observation and the gradual changes in 
quantum yields of the two processes, with no sharp breaks, agreed with w 
gradual transition observed between the different absorption regions. The mal 
imum probability of excitation to the upper electronic state which leads to gq: 
sociation occurs at about 3100A, very close to the point at which all rotation, 
structure disappears from the bands. 7 ; 

The chief support advanced for the proposed dissociation mechanism was tf 
subsequent 1° finding of hydrogen in the decomposition products by ae 
method of microanalysis,!2! although Leighton an ; 

at these Wa: 

found at three wave-lengths, (0.05 at 3130A, 0.10 at 2804A and 0.155 at 2537 A: 

linearly from 10 per cent at 3130 to 31 per cent at 2537A. These obser 
made at 300 mm. favored a short-chain reaction at room temperatures. 

Leermakers 1°? found that at temperatures above 80°C., and with irradic 
tion of acetaldehyde by 3130A, the short-chain reactions leading to the produc 
tion of hydrogen were replaced by or accompanied by longer chains leading ¢ 

The rate of the chair 
reaction was proportional to the concentration of the aldehyde and to the square 
root of the light intensity. Below temperatures of 160°C., a term, 0.3 J, had to 
be added to the rate equation to cover that photolysis which was not a part of the 

The quantum yield increased enormously with the temperature 

the production of methane along with carbon monoxide. 

chain reaction. 

reaching 310 at 309.5°C., when light of low intensity was used. In the c 
of formaldehyde, Leermakers also found a chain length of 100 at temperatures 
between 100° and 400°C. On the other hand, the acetone decomposition is not 
similarly affected, the quantum yield remaining at 0.76 at high temperatures. 
He suggests that acetone may follow the Norrish type of primary process, 
although acetaldehyde exhibits a chain mechanism involving methyl radicals. T 1€ 
energy of activation for the reaction: CH; + CHs,CHO — CH, + CH;CO is 98 
keal. and that of the formaldehyde reaction H ++ HCHO > H,+ HCO is 16.2 keak 
Patat 1°38 uses the para-hydrogen conversion method for calculating the free radical — 
concentrations. 
for the reaction at high temperature applies also at room temperatures. 

70 Blacet, F. E., and Roof, J. G., J. Am. Chem. Soc., 
Ibid., 60, 1243 (1938). . 

121 Blacet, F. E., and MacDonald, G. D., Ind. Eng. Chem. 
Franke, A., and Pollitzer, E., Monatsh., 34, 797 (1913). 

122 Teermakers, J. A., J. Am. Chem. Soc., 56, 1537 (1934). 

123 Patat, F., Naturwiss., 24, 62 (1936); Z. physik. Chem., 32B, 274 (1936). 

58, 278 (1936); Blacet, F. E., and Volman, D 

, Anal. Ed., 6, 334 (1934). 

d Blacet had been unable 4 
detect it in their original work. From the ratios of hydrogen to carbon monoxiq 

it was concluded that the fraction of the molecules yielding hydrogen increase 
vati O1 

Blacet and Volman now believe the Leermakers chain mechanism 

% 

Compare — 
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q 124 failed to detect free radicals in the primary products of the photolysis 
sch de and of propionaldehyde (as well as methylbutyl ketone) by their 

acetal i Saitic mirrors, although they could be detected in the case of acetone, 
tion El ketone and diethyl ketone. Later, however, Pearson and Purcell 1°° 
ethy! ‘ c demonstrating the presence of free radicals in the case of acetaldehyde 
eee ted previous failures to the presence of a thin film of polymerized 
ah upon the mirrors. Since, when equal quantities of acetaldehyde and 
Iden. oe irradiated, six times as many free radicals were found as when 

ch de alone was used, it was suggested that there may be some underlying — 
he alde 4 in the mechanisms of the photolyses of aldehydes and ketones, although 

concluded that free radicals must be admitted, as Leighton and Blacet 

@ ed, to play some part in the photolysis of aldehydes. Glazebrook and 

pain 126 who have measured the relative quantities of free radicals formed by 

B.cociation of a number of ketones, state that in the case of acetone, the 

1 and methyl radicals are formed in comparable quantities. The former, 
a yer, rapidly combine with one another to form diacetyl, and have a short 
Be sossibly dissociating further into a methyl radical and carbon monoxide. 
Te, 

It was earlier claimed by Ghosh and Nandy 17 that the decomposition in dilute 

jqueous solutions involves a chain reaction, since the quantum yield is 13.4. 

They found the reaction to be unimolecular, the velocity coefficient being inde- 

nendent of the initial concentration. There was a small but definite temperature 

coefficient. | 

 Discherl 128 states that acetoin, CH,CH( OH) COCHs, is formed when aqueous 

eolutions of acetaldehyde or of pyruvic acid are irradiated by ultraviolet light, but 

“he mechanism is not clear. A quartz apparatus designed for carrying out this 
seaction has been described by Benson and Cadenhead.1?9 

Bot 
— The action of ultraviolet light on trimethylacetaldehyde was shown by Hinter- 
berger 130 to cause the evolution of carbon monoxide. Conant, Webb and Mendum 

jsolated isobutane from a sample of this compound allowed to decompose for many 

‘weeks in daylight in the absence of oxygen. By filter experiments, it was 

shown that light in the range 2950 to 3200A was effective. The addition of a 
small amount of hydroquinone decreased the decomposition to a third. Similar 
results. were also obtained with diméthylacetaldehyde. Ultraviolet light also 
accelerated autoxidation of the trisubstituted aldehyde. | 

In the case of propionaldehydé, Leighton and Blacet 1%! reported results very 
similar to those for acetaldehyde. They indicated their belief that there may be two 
- distinct primary processes, one of which occurring to the extent of 80 per cent or 
‘ more yields directly RH and CO, as postulated by Norrish. The other yields Ro, 

hydrogen (which could be detected), and carbon monoxide. They also extended 
their work to include n- and iso-butyraldehyde.12? 
The quantum yields in the case of acetaldehyde and propionaldehyde are 

e k 

"I 124 Pearson, T. G., J. Chem. Soc., 1718 (1934). 
12> \Pearson, T. G., and Purcell, R. H., J. Chem. Soc., 1151 (1935); 253 (1936); Glazebrook, H. H., 

and Pearson, T. G., Ibid., 1777. ; 

6 Glazebrook, H. H., and Pearson, T. G., J. Chem. Soc., 567 (1937). ; 
7 i. Ghosh, J. C., and Nandy, S. K., J. Indian Chem. Soc., 6, 911 (1929); Brit. Chem. Abs., 1930A, 

8 Discherl, W., Z. physiol. Chem., 188, 225 .(1930). 
° Benson, G., and Cadenhead, A., J. Soc. Chem. Ind., 54, 40 (1934). 
130 Hinterberger, H., Dissertation, Vienna, 1923; cited by Conant, J. B., Webb, C. N., and Men- 

_ dum, W. C Am. Chem. Soc., 51, 1248 (1929). ~ 
131 Leighton, P. A., and Blacet, F. E., J. Am. Chem. Soc., 54, 3165 (1932). 
1° Leighton, P. A., and Blacet, F. E., J. Am. Chem. Soc., 54, 3165 (1932); 55, 1766 (1933). 
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aldehyde and enanthaldehyde. The maximum yields amounted to greatly reduced in the presence of small amounts of nitric oxide,133 Th J 4 arly benz 
chemical decomposition of isovaleraldehyde involves two types of reaction al Phot joule 000 for the former and 15,000 for the latter. He has also shown that 

ing to Norrish and Bamford.184 One, in line with the usual Norrish mechaill pout tone-sensitized oxidation 141 of aldehydes has the same chain mechanism as 

yields directly CO and isobutane and occurs to the extent of 47 per cent —_ pe A otochemical oxidation : 
other, a new type of dissociation, gives rise to propylene and acetaldehyde th the P -H 
then suffer further decomposition. In this case there is a rupture betweeail | ‘ es re ae , 
and 8 carbon atoms of the hydrocarbon chain, producing an olefin and a the. RCHO + hy ——> R-C_ —O-— (called “lifting” the carbonyl) 

aldehyde. This type of reaction has been found to occur more readily in ee a 
than in aldehydes and is said to be facilitated by extending the length Stone oA H H W, 

hydrocarbon chain,185 | fe of th Ta gare + RCHO — RC |--OH + R—C 

Oxidation of Aldehydes. It has been claimed that per-acids may be obt a “ = * 
by treating aldehydes with oxygen, under the influence of chemically 4 H cs 
aaa Taylor and Gould 187 found the photodxidation of aqueous form ere 

e solutions to be a chai ion. ae a. cere n reaction. According to Carruthers and Norrish 18 RC Pore? 5 RoC 

HGHO +: 1/20; ——> HCOQEL 2 ae 
| O—O— OOH 

Part of the formic acid decomposes to water and carbon monoxide and Dart d ra i a 
hydrogen and carbon dioxide. 45 per cent of the formaldehyde yields {oy ad is a Ame Paw a a 
acid, 20 per cent water and carbon monoxide, 3 per cent carbon dioxide a Sy No O 
hydrogen, 32 per cent is polymerized and a slight amount is photolyzed, a | 
latter process may be reduced by the presence of a trace of iodine vapor. j an - ra oe : 

Acetaldehyde yields 59 per cent oxygen, 25 per cent carbon monoxide, 1: a Ro -- RC’ —On — > RC_ + RCO 
per cent ethylene, 4 per cent methane and a trace of hydrogen. The conden P. He ~ \ XN 

pees give the reactions of peroxides, and the compound CH,CO.0.0.cocH § O pee 
may be an intermediate product. The quantum efficiency of the process in th. a : ism: 
wave-length region 2480 to 2750A is 11 moles eer eA per rane bsonti ee eet? broken by the akuaeasics 

(It is ten in the case of formaldehyde.) In the presence of nitrogen, the quant in : 4 A OO. : H OOH 

efficiency for the formation of biacetyl is approximately 22. The formation 90 Zi 74 4 4 R 4 : 
an intermediate peracetic acid had been postulated by Bowen and Tietz 139 wh, es aia ij aie ena NN act NX 
regarded it as the first step of a chain reaction. Its reaction with a molecule oj 4 a O 
acetaldehyde gives acetic acid, the formation of which had been noted by 
Bertholet and Gaudechon. On the other hand, its reaction with a second molecule B- 
of peracetic acid gives the comparatively stable intermediate peroxide th 
formula of which was given above. The rate of the reaction is, according to 
Bowen and Tietz, independent of the oxygen concentration and proportional 

to the acetaldehyde concentration and to the square root of the light intensity. 
It is essentially the same at various wave-lengths within the absorption band of 
the aldehyde. In hexane solutions, alcohol acts as an inhibitor and the reaction 
becomes directly proportional to the light intensity. : 

Further evidence for the chain nature of the oxidation of aldehydes both 
in light and darkness has been given by Backstrém,!4° who investigated par- 

—_ ‘This mechanism was believed to be in agreement with the rates found by Bowen 

and Tietz in the case of gaseous acetaldehyde. 

Bogert and McDonough 1*2 have studied the rates of autoxidation of seven- 

teen aldehydes used in perfumery. With the exception of salicylaldehyde, they are 

subject to autoxidation in daylight and in darkness, the daylight rates being, 

except in the case of the cinnamaldehyde types, considerably greater than those 

in darkness. The temperature coefficients were the same for both the light and 

dark reactions. 

| Unsaturated Aldehydes. Acrolein is unaffected by diffused daylight in 

& two months when exposed in sealed tubes, but sunlight solidifies about one-third 

of it in quartz tubes in twelve days and the mercury arc completely solidifies it 

in 1% hours.143 | 

a Thompson and Linnett 144 have found its absorption spectrum to consist of two 

i . 

188 Mitchell, J. W., and Hinshelwood, C. N., Proc. Roy. Soc., 159A, 32 (1937). 

184 Norrish, R. G. W., and Bamford, C. H., J. Chem. Soc., 1504 (1935). 

18 For the behavior of normal and isobutyraldehydes which, in the main, resemble acetaldehyde, see 
Leighton, P. A., Levanas, L. D., Blacet, F. E., and Rowe, R. D., J. Am. Chem. Soc., 59, 1843 (1937). 

136 Consortium fiir Elektrochemische Industrie, British Patent 16,849, July 22, 1913. 

18? Taylor, H. S., and Gould, A. J., J. Phys. Chem., 37, 367 (1933). 

188 Carruthers, J. E., and Norrish, R. G. W., J. Chem. Soc., 1036 (1936). 

188 Bowen, 1, J., and Tietz, BE. L., J. Chem. Soc., 23 (1930); see also Cantieni, R., Z. wiss. Phot., 
36, 119 (1937) for the formation of a peroxide during the irradiation of paracetaldehyde in oxyge™- 

140 Backstrom, H., J. Am. Chem. Soc., 49, 1460 (1927). 

141 Backstrém, H., Z. physik. Chem., B25, 99 (1934). 

142 Bogert, M. T., and McDonough, E. G., Drug and Cosmetic Ind., 32, 312, 332, 514, 533, 536, 538, 

540 (1933); Chem. Abs., 27, 4625 (1933). 

48 Moureu, C., Murat, M.. and Tampier, L., Ann. chim., 15, 221 (1921); Compt. vend., 171, 1267 

(1921); Chem. Abs., 15, 2220 (1921); 16, 55 (1922); Moureu, C.,. Dufraisse, C., and Badoche, M., 

Bull. soc. chim., 35, 1572, 1591 (1924) have also investigated its oxidation in light. 

14 Thompson, H. W., and Linnett, J. W., Nature, 134, 937 (1934); J. Chem. Soc., 1452 (1935). 
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widely separated ions. B . j ‘ | ; 7 

ational str pe ean ee sree ae i esi: With fing complex molecule, the excess energy going into some kind of excitation. 

tinuum. No fvwreecence, however, could Ae observed on eeradiadie ie “og Enis eee veved to bein line with the fact that the quantum yields tor ead 
Peviea, bat polyierization weninrad, ‘The tsi Ahsataiten wae Tt thi "sition of the higher saturated aldehydes are less than unity in the continuous 

; Sg “a 
3450A. The bands in the second absorption region beginning at 2350A at 

ere 

‘psorption region, decreasing with increase in the molecular weight. 
. 

. . 
a narrow and diffuse and probably accompanied by a continuum, at least a | 

To summarize the reactions of the aldehydes,15° it may be stated that some 

shorter wave-lengths. Recently, Eastwood and Snow145 have given doa s actiyation dissociate to a tee sine and icici pis 

analyses of the spectrum of this and other aldehydes, including some af aled. , certain percentage of the molecules appear to dissociate to give Iree radicals. 

turatec (366n rmore, in the gas phase, the simpler aldehydes and ketones produce carbon 

660. 
miyrthe i ; 

iy de and hydrocarbons, but the more’ complicated members tend to dis- 
ones. Blacet, Fielding and Roof 14° state that in the region of sharp bands 

monox! 3130A) the quantum yield for polymerization is less than 0.5. At 3020A 
the absorption is very diffuse, it is 1.0. On the border between band Where gociate to yield simpler aldehydes or ketones and unsaturated hydrocarbons. 

continuous absorption (2804A) it is 10, and in the continuous regi a oe “Ynsaturated aldehydes such as acrolein or crotonaldehyde are relatively iner tit? 

2537A, it is 19. Free radicals are Ba ey play a part in ae Teel 2654. j Recently, a number of aldehydes have been studied in aqueous solution by Farkas 

There is an induction period. Irradiation also produces small quanti ‘ea il and Hirschberg.°3 The quantum yields for molecules destroyed are: formal- 
acetylene but the quantum yield for dissociation is low, about 0.01 at 3665 Aa of 

Sigmund 147 held the theory that the presence of a carbon-to-carbon doubt 
bond, or a phenyl group, or of both together in an aldehyde molecule, stabili 7 
the carbonyl group, presumably in some manner by “partial valences.” Agta 
saturation, the carbonyl group can be split off in the usual manner by ie 
action of ultraviolet rays. Thus, hexahydrophenylacetaldehyde split off fas co " 
taining 80 per cent of carbon monoxide and hexahydrotoluene could be isolatil 
Hexahydro-8-phenylpropionaldehyde also eliminated carbon monoxide but at a 
lower rate. The residue consisted of higher polymerization products of thd 
aldehyde, the trimer being isolated. Dodecylaldehyde gave a gas containing 90 
per cent of carbon monoxide and in the residue’ C,,H»54 was identified.148 — " 
A similar inertness has been found by Blacet and Roof 149 in crotonaldehyde 

which has an absorption spectrum resembling that of acetaldehyde shifted toward 
the red by several hundred A. It has discrete bands beginning at 3800A and con- 
tinuing to 3245A where the bands begin to fade. From 3090 to approximately 
2600A the absorption is apparently continuous. At 2550A a second région of 
continuous absorption begins and extends into the Schumann region. It is 
attributed to an electronic transition in the hydrocarbon end of the molecules, 
At 3660A only one quantum out of 150 was effective in causing a reaction, prob- | | 
ably a polymerization. The wave-lengths 3130, 3020, 2804, 2654, 2537 and 2399A, 
all but the first of which are in regions of apparently continuous absorption, 
caused no detectable decomposition. Similar results were obtained when the 
aldehyde was subjected to the action of excited mercury atoms, but in the presence 
of oxygen a photochemical oxidation of the aldehyde vapors occurred. Q 

Two explanations of this inertness in a region indicative of dissociation were 
suggested. The first, which relates the stability in some manner to the presence 
of conjugated double bonds, assumed that the absorption might be only apparently 
continuous, the energy of excitation being rapidly dissipated in other modes 
of vibration than that of the carbonyl group responsible for the absorption. More — 
acceptable, however, would be the view that the continuous region implies, as usual, — 
a true dissociation, but that this is followed by a rapid recombination. The 
need for the occurrence of three-body collisions may decrease in the case of such 

dehyde, 0.5; acetaldehyde, 2.5; propionaldehyde, 1.8; crotonaldehyde, much less 

| than one. In the case of acetaldehyde, acetaldol is formed; the formation of an 

~ aldehyde molecule with free valences may be the primary process. 

Ketones. Berthelot and Gaudechon 4 found acetone to be rapidly decom- 

osed by ultraviolet light, the gas formed having 49 per cent carbon monoxide, 

46 per cent ethane and but 5 per cent methane. In aqueous solutions, carbon 

- dioxide was also formed. With sunlight and air, acetic acid was also formed.455 

Henri and Wurmser 15° definitely showed the reaction to be related to the 

ultraviolet absorption spectrum of the carbonyl group.1°7 

‘At first it was believed 158 that absorption in the region about the maximum 

was continuous, Noyes 159 ‘stating that no fine structure or discontinuities had 

een reported in the absorption curve even when long path-lengths of acetone 

_yapor at low pressures were studied. He believed it an open question as to 

whether it is justifiable to assume that this implies a primary dissociation 

process in analogy with the continuous spectra of diatomic gases, since in such 

complex molecules reasonance effects might lead to an overlapping of energy 

 Jevels sufficient to preclude the appearance of 4ny very marked banded structure. 

_ Noyes preferred to regard the primary process as of the type of predissociation 

py collision. More recently, however, Bowen and Thompson 1° using long 

150 Rollefson, G. K., J. Phys. Chem., 41, 259 (1937). 
151 See, however, Norrish, R. G. W., and Bamford, C. H., Nature, 140, 195 (1937). They also 

investigate the reactions in liquid paraffin solution at 100°, the products consisting of CO, RH and 

 R’H, the latter being produced by dehydrogenation of the solvent by the alkyl radicals. 

152 It has been observed by Kuhn, R., Badstiibner, W., and Grundmann, C., [Ber., 69B, 98 (1936)] 
that pure crotonaldehyde does not undergo condensation with piperidine unless it has been exposed to 

sunlight or to a quartz lamp. The irradiation is believed to produce a compound, probably CH;CH 
=CHCOOH, by autoxidation. This is thought to be necessary for the condensation. 

_ 83 Farkas, L., and Hirschberg, Y., J. Am. Chem. Soc., 59, 2453 (1937). 

154 Berthelot, D., and Gaudechon, H., Compt. rend., 151, 478 (1910). 

; 185 Berthelot, D., and Gaudechon, H., Compt. rend., 150, 1164 (1910). 

156 Henri, V., and Wurmser, R., Compt. rend., 155, 503 (1912); see also Porter, C. W., and Iddings, 
a C., J. Am. Chem. Soc., 48, 40 (1926) and Wiesler, K., Z. angew. Chem., 40, 1023 (1927). 

157 Bowen, E. J., and Thompson, H. W., Nature, 133, 571 (1934); Norrish, R. G. W., Nature, 133, 
™ 837 (1934); Norrish, R. G. W., Crone, H. G., and Saltmarsh, O. D., J. Chem. Soc,, 1456 (1934) ; 

Scheibe, G., Povenz, F., and Lindstrém, C. F., Z. physik. Chem., B20, 283 (1933). The influence of 
various substituents has been studied by Lowry, T. M., and Lishmund, R. E., [J. Chem. Soc., 1313 

(1935)] and by Herold, W., [Z. physik. Chem., B18, 265 (1932); Z. Elektrochem., 38, 633 (1932)]. The 
effects of solvents of varying polarity have been described by Wolf, K. L., [Z. physik. Chem., 2B, 39 
(1929)], Kremann, R., Pestemer, M., and Bernstein, ‘P., [Monatsh., 61, 351 (1932)], and Pestemer, M., 
[Z. Elektrochem., 40, 493 (1934)]. — ; 

168 Ley, H., and Arends, B., Z. physik. Chem., 12B, 132 (1931); Scheibe, G., and Lindstrém, C. F., — 
Z. physik. Chem., B12, 387 (1931). | Se | 

. 4° Noyes, W. A., Jr., Rev. Modern Physics, 5, 285 (1933). Noyes has recently attempted an inter- 
pretation of the near ultraviolet absorption spectrum, Trans. Faraday Soc., 33, 1495 (1937).: 

160 Bowen, E. J., and Thompson, H. W., Nature, 133, 571 (1934). : 

145 Eastwood, E., and Snow, C. P., Proc. Roy. Soc., 149A, 434, 446 (1935). 

146 Blacet, F. E., Fielding, G. H., and Roof, J. G., J. Am. Chem. Soc., 59, 2375 (1937). ° 

147 Sigmund, F., Monatsh., 52, 185 (1929). 

48 Miller, A., Seifensieder-Ztg., 63, 441 (1936); Chem. Abs., 30, 7556 (1936), not lymerizaa 
tion of phenylacetaldehyde in sunlight. = Pe ee (1936), notes a polym ; 

ie Blacet, F. E., and Roof, J. G., J. Am. Chem. Soc., 58, 73, 608 (1936). 
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columns of acetone vapor at pressures of 0.5 to a few millimeters q : ne 'S detecteq f. Bs. to about one-tenth increased the quantum yield by more than 50 per cent. 
ate ae each composed of about 25 diffuse bands. Their centers Cee the acetone pressure to one-tenth atmospheric reduced the quantum 
a , 2900, 2710, and 2570A. At higher pressures (up to about 200 mm Te 0 roughly one quarter that at atmospheric pressure. 
the bands widened to produce a region of continuous absorption extendin, i 
3200 to 2400A, with its maximum at 2800A, characteristic of compountl trom 
taining the carbonyl group. ‘They discarded the hypothesis that ptedisaail Con. 
splits a carbon-hydrogen or carbon-carbon bond, and attributed the dj fF Clatioy 

of the bands merely to an unresolved close packing of rotation lines which Jill 
believed similar to that in the spectra of other Y-shaped molecules. they 

Further evidence came from a study of fluorescence. It was found a 
Damon and Daniels 161 that acetone vapor shows a green fluorescence y 
irradiated by wave-lengths shorter than 3130A. It is blue in the presence ill 
trace of oxygen, but changes to green when the latter has been remove d a a 

photooxidation of some of the acetone. Norrish, Crone and Saltmarsh 162 f 4 
the absorption spectrum of acetone vapor to consist of a continuous band hen 
about 3000 and 2200A with a few faint maxima, and a region of discrete abso 
tion between 3340A and about 2950A, thus slightly overlapping the continual 

region. Fluorescence was produced only by absorption in the continuous resi 

its maximum intensity being excited by the absorption of the wave-length 3059 a 
The fluorescence spectrum excited by the mercury arc consisted of three difftrce 

bands with maxima at 5100, 5600 and 6100A.163 The specific effect of oxygen 
was attributed to the removal of oxygen by excited acetone and the formal 
of a second transient fluorescent substance. The fluorescence of acetone vapor wil 
unaffected by the addition of nitrogen, but its intensity increased with increasing 
pressure of acetone vapor.164 The characteristics of the fluorescence were thoug 7 

~ Condensation reactions occurred only in the presence of traces of moisture. 
vas suggested that under these conditions diacetone alcohol was produced. 
M. fatter could be photolyzed by the wave-length 3650A to the same products 
ro hotolysis as those of acetone. The alcohol shows a green fluorescence when 
of Piated bY the wave-lengths 3650, 4050 or 4360A, but only slight fluorescence 

a 3130A of shorter wave-lengths. t. 

. Damon and Daniels found the products of photolysis of acetone to include 

-arbon monoxide, ethane, methane, hydrogen and free carbon. Their mechanism 

Ps based on the assumption that activated molecules split off carbon monoxide, 

Ee remaining methyl groups combining in more than half the molecules to form 

ethane. Norrish, Crone and Saltmarsh found 46.6 per cent carbon monoxide, 

44.2 per cent ethane and 9.2 per cent of methane and confirmed the quantum yield 
measurements of Damon and Daniels. Light absorbed both in the regions of 
discrete and continuous absorption leads to decomposition, the yields being 0.2 at 

3150A and 0.4 at 2650A. The full mercury arc gives somewhat less than 10 per 

cent of methane, possibly derived from a photoreaction in some liquid acetone 

‘also present. They believed the primary process to consist, as discussed in con- 

nection with their fluorescence observations, in the formation of free methyl radi- 

‘cals and the liberation of carbon monoxide. That the quantum yields were low, 

‘even in the continuous region, was accounted for only to a slight extent by the 

observed fluorescence. They preferred to conceive of the absorbed energy being 

for the most part degraded to heat by a process of internal stabilization in which 
‘the energy absorbed by the carbonyl group is divided up among the various 

forms of motion possible in the complex molecule. The theory of Norrish is 
of considerable importance in emphasinzing the possibility that energy absorbed 
Bin producing an electronic transition in one part of a molecule need not remain 

- focalized if the molecule is complex. The energy absorbed by the carbonyl group 

amounts to about 90 kcal. It is then partly transferred by resonance to the part 

of the molecule to be decomposed, about 25-65 kcal. being required for each link- 
ing to be broken. The formation of carbon monoxide suggested the simultaneous 

breaking of two linkages.166 » gy 

_ Spence and Wild 167 believe that at temperatures below 60°, the primary 
process may consist in the rupture of but one linking with the formation of methyl 
and the acetyl radicals, since they were able to isolate large volumes of biacetyl 
_ from the liquid products of the photolysis of acetone. They found the ratio of the 
volume of ethane produced to that of carbon monoxide to be 1.5. At higher tem- 
peratures, however, the ratio is unity, and some methane is formed,16® suggesting 
- that under these conditions, the acetyl radical is short-lived. In the banded absorp- 

tion region, the decomposition is slow and the ethane to carbon monoxide ratio 
is nearly one. 

The reaction is increased by an increase of temperature, Winkler 1® finding 

to argue against the concept that it arises from excited molecules of the usual 
type formed in the continuous region. Furthermore, the assumption of Bowen 
and Thompson that the apparently continuous bands are really composed a 
unresolved closely packed rotation lines would not account for the abrupt appea 4 
ance of fluorescence observed to oceur at the wave-lengths at which the diffuseness 
of the bands begins.164a | g 

Norrish suggested that the energy absorbed by the chromophoric carbonyl 
group passes to some other linking or linkings in the molecule by a process 
similar to the radiationless transfer in a collision of the second kind. A portion 
may lead to the formation of free radicals by decomposition, a portion may lead 
to a decomposition of the molecule by a process of the type discussed for aldehydes 
which produces carbon monoxide and ethane, and a portion, less than 3 per cent, 
may be lost by fluorescence. q 

Although Bowen and Watts,164» who used nonmonochromatic light, reported 

a quantum yield of 1.8 for the photolysis of acetone vapor, Damon and Daniels 1%. 
found it much lower, only about one of every five or six absorbed quanta leading 
to chemical reaction, including both decomposition and condensation processes. 
The yields were about the same for radiations of 3130 and 2650A. Decreasing the — 

16L Damon, G. H., and Daniels, F., J. Am. Chem. Soc., 55, 2363 (1933). 

162 Norrish, R. G. W., Crone, H. G., and Saltmarsh, O. D., J. Chem. Soc., 1456 (1934). 

_ 18 The visible and diffuse fluorescence is accompanied also by ultraviolet emission of fine sharp lines, 
interpreted as predissociation in emission by Crone, H. G., and Norrish, R. G. W., Nature, 132, 2¢ 14 
(1933). See also Padmanabhan, R., Proc. Indian Acad. Sci., 5A, 594 (1937); Chem. Abs., 31, 8379 
(1937). Matheson, M. S., and Noyes, W. A., Jr., J. Am. Chem. Soc., 60, 1857 (1938). J . 

164 But compare, Fisk, C. F., and Noyes, W. A., Jr., J. Chem. Physics, 2, 654 (1934). Ss 

164a Norrish, R. G. W., Nature, 133, 837 (1934). | 

1é4b Bowen, E. J., and Watts, H. G., J. Chem. Soc., 1607 (1926). 

16 Damon, G. H., and Daniels, F., J. Am. Chem. Soc., 55, 2363 (1933). 

16@ Norrish, R. G. W., Acta Physicochim. U.R.S.S., 3, 171 (1935); Chem. Abs., 30, 2493 (1936). 

167 Spence, R., and Wild, W., Nature, 138, 206 (1936); J. Chem. Soc., 352 (1937). 

48 See also Taylor, H. S., and Rosenblum, C., [J. Chem. Phys., 6, 119 (1938)], who investigated the 
reaction in the presence of hydrogen. They believe the major primary process to be dissociation to 
methyl radicals, and consider especially the activation energies of the secondary processes, concluding 
the ethane to result either from a wall reaction with zero activation energy or from a bimolecular 
Process of small activation energy. 

109 Winkler, C. A., Trans. Faraday Soc., 31, 761 (1935). 
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the quantum yield at 100°C. to be five times that at 60°C. This 
cated high a 

maintained up to 400°C. The effect of temperature is much greater when “id 

diation is by longer wave-lengths than by shorter ones. This ma he ir 

. ) 

e employed. ; 

fact that the thermal energy of the molecule contributes more to 
process when small quanta are absorbed than when larger ones ar 
400°C., the reaction products included a considerable ‘quantity of meth J 
unsaturated compounds, indicative of the photochemical formation of a 
CH,=C=O. Leermakers!” also found the quantum yield for carbon m “ten 
formation to be nearly unity in the temperature range 200° to 400°C. , the ai 
monoxide in the reaction products decreasing from 50 per cent to approxi 
33 per cent. He also found that methyl radicals do not initiate a chain il : 
position of acetone below 400°C. — 

Mention has not yet been made of the fact that the absorption by acet p 
increases from a minimum at about 2115A toward shorter wave-lengths, ohorll 
being pronounced below 2000A.171 A vibrational analysis of the group of } . 
extending from 1960 to about 1800A has been given by Noyes, Dunnin a 
Manning,!”? who photographed the spectrum down to 1200A and found in 
bands ascribed to different electron transitions below 1800A. According to Man. 
ning,1”3 wave-lengths in the range 1900-2000A have little effect on acetone il 
pressures around 100 mm. The most effective ones are those shorter than 1700 \ 
these produce increased amounts of hydrogen. At very low pressures (0.025 mm 
however, wave-lengths in the range 1850 to 2000A are more effective, but fon 

only small amounts of gaseous hydrocarbons. The presence of a condensed noe 
volatile hydrocarbon was suspected. Howe and Noyes 1% find that in this ra a 
the quantum yield is independent of the intensity, but increases with decreasing 
acetone pressure to a limit of 0.65. It is increased by the addition of nitrogen, 
ethane or carbon dioxide. q 

In hexane solution, the rate of decomposition is less than when the acetone js 
in the vapor form, and the quantum yield decreases with increasing acetone con- 
centration.t7 Gases are not evolved and the chief products are a substance capable 
of absorbing bromine readily, and an alcohol, probably dimethyl-n-hexyldimethyL 
carbinol. Similarly, the reaction in carbon tetrachloride as solvent evolves no gas, 
In benzene solution, no photochemical reaction occurs. | 

In an aqueous solution, the production of formaldehyde as well as of acetic 
acid has been noted by Qureshi and Taher.17° The quantum yields varied between 
0.13 and 0.14 for concentrations 0.05 to 0.5 molar in acetone. The temperature 
coefficient of the rate was 1.52.177 — 

Berthelot and Gaudechon 178 observed that one cc. of a 10-per cent solution of 
dihydroxyacetone evolved 0.2 cc. of almost pure carbon monoxide during 12 hours: 
of exposure to sunlight. They also studied the behavior of diethylketone! 

(170 Leermakers, J. A., J. Am. Chem. Soc., 56, 1899 (1934). 

171 Ley, H., and Arends, B., Z. physik. Chem.,.12B, 132 (1931). 

172 Noyes, W. A., Jr., Dunning, A. B. F., and Manning, W. M., J. Chem. Physics, 2, 717 (1934); 
3, 131 (1935); Howe, J. P., and Noyes, W. A., Jr., J. Am. Chem. Soc., 58, 1404 (1936). 

173 Manning, W. M., J. Am. Chem. Soc., 56, 2589 (1934). 

174 Howe, J. P., and Noyes, W. A., Jr., J. Am. Chem. Soc., 58, 1404 (1936). 

_ 1% Bowen, E. J., and de la Praudiére, E., J. Chem. Soc., 1503 (1934); Bowen, E. J., and Horton, 
A. T., J. Chem. Soc., 1685 (1936). 

_ 17 Qureshi, M., and Taher, N. A., Nature, 127, 522 (1931); J. Phys. Chem., 36, 2670 (1932). ~~ 

177 For the photodxidation of acetone vapor, see P. Fugassi, J. Am. Chem. Soc., 59, 2092 (1937). 

178 Berthelot, D., and Gaudechon, H., Compt. rend., 155, 401 (1912). 

179 Berthelot, D., and Gaudechon, H., Compt. rend., 151, 478 (1910). 
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,. paraffin solution, see Norrish, R. 

THE BEHAVIOR OF UNSATURATED COMPOUNDS 429 

ich and Appleyard 18° found that, in the light of a mercury arc, about 80 per 
or ; the molecules of methylethylketone which decompose yield carbon monoxide 
n" d mixture of ethane, propane and butane, the remainder forming ethylene and 
ie jl dehyde.18* Methylbutylketone yielded propene and acetone. In the range 
ceta to 2770A the quantum yield of the decomposition of this ketone at 760 mm. 
¥ 127°C. by the process yielding carbon monoxide, methyl and butyl radicals is 

a oximately 0.03, and by that yielding acetone and methylethylene, 0.27. That 
Pr ondensation or polymerization is approximately 0.04.1%? 
0: The absorption spectrum is diffuse and fluorescence is not observed. Similarly, 

se oropylketone exhibits two types of change on irradiation.188 One type (37 per 
a ; the molecules decomposed) yields carbon monoxide and hexane, and the 

or (63 per cent) forms ethylene and methylpropylketone. In this reaction, | 
pearson and Purcell 154 detected the formation of the propyl radical by the mirror 
a and gave its half-life period as 2.3X10-® second. In cyclohexanone, 10-per 

Bot solutions of methylbutyl ketone and dipropylketone yield 98 ‘per cent of 

methylethylene and ethylene, respectively, at 20°C. But at 100°C., dipropylketone 

gave also carbon monoxide and ethane. Two mechanisms accordingly seem neces- 

cary: One involves activated molecules with relatively long lives which are 

veadily destroyed by collisions with the solvent molecules. The other involves 

excited molecules of such short life that the solvent molecules have no time, to 
‘atervene between the time of activation and the subsequent decomposition.18® 

~ Saltmarsh and Norrish 18° have decomposed the vapors of cyclopentanone, 
cyclohexanone and cycloheptanone ‘in the light of a quartz mercury arc. From 

80 to 95 per cent of the last-named ketone decomposed to give cyclohexan 

carbon monoxide and 4 per cent went to methylethylene. Of the cyclohexanone, 

92 per cent gave carbon monoxide and cyclopentane and 8 per cent went to ethylene, 
methylethylene and carbon monoxide. Half of the cyclopentanone gave ethylene 
and carbon monoxide and half went to a mixture of propylethylene, sym-dimethyl- 

ethylene and carbon monoxide. | 

- Jrradiation of isopropenylmethyl ketone by means of a quartz lamp produces 

in five days a solid polymer, soluble in acetone and precipitated as a colorless 
powder by methyl alcohol.187 Under the same conditions, neither propenylmethyl- 

_ ketone nor mesityl oxide polymerizes. The polymerization could take place by 
 1,4-addition as with rubber, through the carbonyl group analogous to the poly- 
_oxymethylenes and by the ethylene linkage with the formation of a paraffin deriv-_ 
‘ative. Combinations of these methods of polymerization would lead to three- 
‘dimensional structures, but the solubility of the product did not support the 
| occurrence of such a complication. The molecular weight of the polymer, as 

determined by the Staudinger viscosity method, was 34000. 

480 Norrish, R. G. W., and Appleyard, M., J. Chem. Soc., 874 (1934). For results at 100° in liquid 
: ., and Bamford, C.. H., Nature, 140, 195 (1937); Norrish, R. 

W., Trans. Faraday Soc., 33, 1521 (1937). Here the free radicals react mainly with the solvent 
_ tather than combine together. 

81 At 3130A, 11 per cent of the reaction goes to diketones. Biacetyl is also formed when the 
irradiation is in the range 1850 to 2000A. In this range the quantum yield for carbon monoxide for- 

}: mation increases from 0.7 to 0.88 as the pressure decreases from 90 mm, to 0.1 mm. The total quantum 
_ yield for the decomposition approaches unity at low pressures. Ellis, V. K., and Noyes, W. A., Jr., 

J. Am. Chem. Soc., 60, 2031 (1938). 
182 Bloch, B. M., and Norrish, R..G. W., J. Chem. Soc., 1638 (1935). 

188 Bamford, C. H., and Norrish, R. G. W., J. Chem. Soc., 1504 (1935). 

184 Pearson, T. G., and ‘Purcell, R. H., J. Chem. Soc., 253 (1936). 
185 Norrish, R. G. W., and Bamford, C. H., Nature, 138, 1016 (1936). 

186 Saltmarsh, O. D., and Norrish, R. G. W., J. Chem. Soc., 455 (1935); see also Norrish, R. G. W., 
Acta Physicochim. U.R.S.S., 3, 171 (1935); Chem. Abs., 30, 2493 (1936). 

187 Staudinger, H., and Ritzenthaler, B., Ber., 67B, 1773 (1934). 
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7 jssociation less probable, the quantum yield of the reaction, which occurs but 
ediss According to Bowen and de la Praudiére,!8* liquid benzophenone at 100, 

showed no change after irradiation for nine hours with a mercury arc, and 0°¢ wly at this wave-length, appears to be less than unity. 

phenone no change after seven hours. When a 0.1 molar solution of benzopher® :.. rrish, Crone and Saltmarsh 1° do not agree that the observed quantum 
in hexane was irradiated, benzopinacol crystallized out, being formed with J “Non a Me necessarily exclude the occurrence of their secondary reaction, since it is 
tum efficiency of 0.04. None was formed when carbon tetrachloride was the soli vie! 4 that in polyatomic molecules, as acetone, etc., the quantum yield of the 

The quantum efficiency of the photopolymerization of biacetyl in Solutio va al ry process may be less than unity throughout a considerable portion of a 

hexane or ether by wave-lengths between 4360 and 3660A is greater the a yi a a of continuous absorption. 
dilute the solutions. Bowen and Horton 1%? account for this by an explanatie. ee piketones. In g-dicarbonyl compounds, such as glyoxal, the conjugation 

which Bowen also used to account for the more rapid decomposition of vations ¢ the double bonds moves the absorption into the visible.198 Glyoxal vapor, which 
ketones in solution than in the pure liquid state. _ This was to the effect that the a its maximum absorption between 4550 and 4123A, gives as the main products 

petnary Se level is not reactive but passes, if not deactivated by a collisigil Me jecomposition carbon monoxide and a solid consisting of a polymer of the 
within 10-1* second, into a second excited level which is reactive. . Hitherto unknown glycerosone, CH,OH:CO-CHO. About 2 per cent of hydrogen 

Ketene. The absorption spectrum of ketene vapor consists of a serial 

of regularly spaced diffuse bands in the region of carbonyl absorption, 3700 + 
2600A. The maximum absorption is somewhat displaced to longer wave-len ‘id 
occurring at 3100A.19° No difference exists between the absorption spe ' 
aldoketenes of the type H2,C=CO and ketoketenes, RgC=CO. There is also a 

region of continuous absorption beginning at 2200A and ascribed to the ethylene 
linking. Fluorescence is lacking in ketene. _ 

Irradiation with the mercury arc leads to decomposition with the formation 
of two volumes of carbon monoxide and one of ethylene. Norrish, Crone aie 
Saltmarsh believe that light energy absorbed by the carbonyl group is transferred 
to the ethylene group with consequent rupture. | ¥ 

F — 

; 4 t 
CH CO! Fy ES CH CO 

This is followed by the process: 

& 

CH. + CHz=CO —— C.H. + CO. a 

Ross and Kistiakowsky 19! interpreted the above-mentioned primary process 
as due to predissociation in accordance with the nature of the absorption spectrum, 

no collisions being necessary. They found the decomposition to occur with a 
quantum yield of approximately unity at 3130A. The accumulation of ethylene — 
stops the reaction. A solid film deposited on the walls of the reaction vessel must 
have the composition (CH.), since no free carbon deposits were obtained and no 
hydrogen was liberated. 

Ross and Kistiakowsky thought the additional energy required to break the 
double bond over that available in the absorbed quantum might be derived from 
the resonance energy of the carbon monoxide formed in the decomposition. The 
secondary reaction of Norrish was rejected because the quantum yield proved to. 
be unity. The methylene radicals formed in the primary process must react with 

each other to form ethylene. The slowing down of the reaction by ethylene must 

be ascribed to the reaction of methylene groups with ethylene with formation of 

the solid polymer. Thus, methylene radicals appear to combine readily to ethylene 7 

in a bimolecular reaction, although methyl radicals do not combine so readily to- 

form ethane. At 3660A, where the banded structure is more pronounced and | 

1 
y 

188 Bowen, E. J., and de la Praudiére, E., J. Chem. Soc., 1503 (1934). 

189 Bowen, E. J., and Horton, A. T., J. Chem. Soc., 1505 (1934). 

199 Norrish, R. G. W., Crone, H. G., and Saltmarsh, O. D., J. Chem. Soc., 
J. chim. phys., 21, 353 (1924) A 

191 Ross, W. F., and Kistiakowsky, G. B., J. Am. Chem. Soc., 56, 1112 (1934). 

1533 (1933); Lardy, G. Cy 

‘= 

+ WTiithy, A., Z. physik. Chem., 107, 302 (1923); Purvis, J. 
 Soc., 101, 1810 (1912); Neuberg, C., and 

- French, H..S., J. Am. Chem. Soc., 49 

‘yas also obtained as a result of a second reaction.19 
~ Schwenk and Borgwardt 1% prepare unsaturated g, @-diketones by subjecting 

aromatic, hydroaromatic or aliphatic compounds in which a methylene group is 

directly coupled to an ethylene linkage, to the action of selenium dioxide and 
‘yitraviolet rays without heating. Thus, from @-indene is produced a ketone, 

CroH129- 
Biacetyl vapor is decomposed by ultraviolet rays with the production of ethane 

‘and carbon monoxide. An aqueous solution yields acetic acid and acetaldehyde.19° 

‘Observations by Grossmann 1%? on the absorption spectrum of ethylacetoacetate 

‘show that it is decomposed by ultraviolet rays, yielding mainly ethyl acetate and 

acetic acid. Under the same conditions, acetylacetone gives acetic acid and ace- 

tone.198 Vitoria 1°° finds that light from a quartz lamp causes partial polymeriza- 

tion and decomposition of gaseous acetylacetone with formation of carbon mon- 

oxide. With light of wave-lengths longer than 3050A, only polymerization occurs. 

‘Liquid acetylacetone, or its solution in carbon tetrachloride, undergoes a decided 

‘polymerization, but does not decompose to yield carbon monoxide. Walker and 

Wild 200 fifid acetyl peroxide to yield on photochemical decomposition, carbon 

‘dioxide, methane and some ethane. 

Carbohydrates. In contrast to the observations of Bielecki and Henr 

‘and of Niederhoff,2°2 Henri and Schou 2° found that solutions of very pure 

j 201 

- dextrose showed no indication of an absorption band due to the carbonyl group 
- 

at 2800A, most of the molecules having a ring structure. Alkaline solutions, 

however, exhibit the band, the number of molecules in the aldehydic form depend- 

‘ing on the age, temperature and pH of the solution. Similar conclusions have 

192 Norrish, R. G. W., Crone, H. G., and Saltmarsh, O. D., J. Am. Chem. Soc., 56, 1644 (1934). 

E., and McCleland, N. P., J. Chem. 
chou, S. A., Biochem. Z., 191, 466 (1927); Marchlewski, L., 

Pizlo, J., and Urbanczyk, W., Biochem. Z., 264, 437 (1933). 

19 Norrish, R. G. W., and Griffiths, J. G. A., J. Chem. Soc., 2829 (1928). 

195 Schwenk, E., and Borgwardt, E., German P. 608,136, Jan. 17, 1935, to Schering-Kahlbaum, A.-G.; 

196 Porter, C. W., Ramsperger, H. C., and Steel, C., J. Am. Chem. Soc., 45, 1827 (1923). 

197 Grossmann, P., Z. physik. Chem., 109, 305 (1924); CGhem. Abs., 19, 39 (1925). 

18 Morton, R. A., and Rosney, W. C., J. Chem. Soc., 706, 713 (1926) and Acly, H. E., and 
, 847 (1927) report absorption data on these and related com- 

‘pounds. The enolic and ketonic forms are distinguishable by bands near 2500 and 2700A, respectively. 

b3 oo A. P., IX Congr. intern. quim. pura applicata, 2, 334 (1934); Chem. Abs., 29, 7811 

Chem. Abs., 29, 6246 (1935). 

(1935 
/~ 20 Walker, O. J., and Wild, G. L. E., J. Chem. Soc., 1132 (1937). 

201 Bielecki, J., and Henri, V., Ber., 46, 3627 (1914). 

202 Niederhoff, P., Z. physiol. Chem., 165, 130 (1927); 167, 310 (1927); 174, 300 (1928). 

208 Henri, V., and Schou, S. A., Z. physiol. Chem., 174, 295 (1928). 
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Niced and the solution became acid. Levulose gave about ten times as much car- 

fo onoxide as of methane.215 Maltose behaved similarly to dextrose and sucrose 

e results intermediate between dextrose and levulose. 

been reported for a number of other sugars, including galactose, levulose 1 ; 
nose, rhamnose, maltose and lactose.20 — 

The variations in the absorption exhibited by these sugars under Various cal ditions of pH and the effects of impurities may perhaps account for the diyam The decomposition of the latter sugar gave also formaldehyde and methanol.?16 
statements which have been made in regard to their susceptibilities to photomill - oe pelieved that this sugar was very slowly decomposed by sunlight, 0.54 cc. of 
It is generally agreed that aqueous solutions of dextrose, galactose and mana Bost pure carbon monoxide being produced in two months.17 | 
are not affected by sunlight, although changes 295 may be produced in the pr Present ~The use of this behavior of a 10 per cent fructose solution in ultraviolet actinom- . 
of such sensitizers as iron or uranium salts.206 Ghosh and Rakshit 207 claim aa j proposed by Berthelot and Gaudechon,?18 has been more recently studied by 
visible light increases somewhat the rate of oxygen absorption by glucose “ Enoulli and Cantieni.219 In dilute solutions (4.5 to 18 g. per liter), the velocity 

é Be fructose in the presence of cerium hydroxide as catalyst. 
Irradiation of 0.1 to 50 per cent glucose solutions with a mercur 

for fifteen minutes to five hours causes, according to Dillman,2° no apparent 
change in optical rotation nor in their ability to reduce alkaline copper tare 
solution. de Fazi 2 believed that sugar solutions which had been irradiated a 
hours fermented more rapidly than untreated solutions. The induced oxida E 
of glucose by glutathione is said to be markedly accelerated by light; photosengs 
tizers further accentuate the reaction.210 | > 

The formation of acid in irradiated dextrose solutions was noted by Euler 
and Lindberg,?41 who showed that on further action of the ultraviolet rays ther 
resulted a gaseous mixture containing 15 per cent carbon dioxide, 40 peg cal 
carbon monoxide and 40 per cent hydrogen. Berthelot and Gaudechon,?12 ho E 

4 proportional to the concentration but in strong ones (720 to 1080 g. per liter), it 
is constant. The proportion of carbon dioxide in the gases evolved varies inversely 

% ith the light intensity. Acids appear to be formed only in solutions heated to 80° e. 

hie evolution of gases is accelerated by sodium chloride and retarded by potassium 

promide and iodide and acids or bases. The photolysis also occurs in methanol or 

glycerol solutions and in these is more accelerated by small amounts of water than 

“py larger ones. The reaction can be produced by radiations passing through glass, 

put is much slower than in quartz, since only those fructose molecules possessing 

| the ketonic structure evolve carbon monoxide. Molecules with ring structures are 

- pelieved to yield carbon dioxide. At ordinary temperatures, the reaction, once 

started, may continue for hours after stopping the irradiation, but at high tempera- 

tures, the after-effect is very slight. The course is believed to involve the inter- 

_mediary formation of a peroxide, perfructose. A yellow color (photopyridine ) 
developed by light in solutions of pyridine, water and fructose is more readily formed 

and more readily bleached than it is in solutions in which the fructose is replaced 

j by glucose, galactose, sucrose or lactose. Acetone inhibits its formation. Methanol 

is almost without influence on the color reaction, but has a greater retarding 

‘influence on fading than has fructose. Pure ethanol retards color formation, but 

the color once formed is more stable in ethanol than in methanol. 

Holtz 22° finds the ultraviolet irradiation of aqueous sugar solutions (glucose, 

; fructose, arabinose) and sugar-like solutions (glycerol, sorbitol, glucosamine) to 

_ produce substances which form systems with strong negative redox potentials. The 

products are believed to accelerate the autoxidation of cysteine and adrenaline. 

 Dubouloz 221 added eosin (1:5000) to a 0.05 molar solution of glucose in a phos- 

phate buffer solution of pH 7.7, and freed the solution of dissolved oxygen. After 

sufficient illumination by a tungsten lamp, the oxidation-reduction potential 

descended to —210 mv., the equilibrium point of oxygen-free glucose solutions. 

| Further illumination caused a further descent. / If this did not exceed 350 mv., 

1937A; Chem. Abs., 32, 1576 (1938); Goos, F., Schlubach, H., and Schréter, G., Z. physik. Chem., 186, - the phenomenon was reversible, and upon standing in the dark, the value .-Z10 

PoPaaiee, 11L CSG Remo Tice ay Ba oe EE tg and Mae ee _ my. was regained. 

- hexose phosphates, Neuberg, C., and Schou, S. A., Biochern: Be 191, 466 (1927). Oa d | The oxidation of glucose by hydrogen peroxide in acid medium photosensitized 

aera, Phy Beal Gresplechany Hg Camby. ene. Jo. Sat S177), a by tungstic acid appears to follow the tmimolecular rate law when the peroxide 
eae Sao C., Biochem. Z., 39, 158 (1912); Abelous, Aloy and Valdigué, Compt. rend. soc. biol., "i ‘ concentration is low and to be of zero order when it is high.?22 There is an 

eg J. C., and Rakshit, P. C., J. Indian Chem. Soc., 12, 357 (1935); Brit. Chem. Abs., 19354, 1 j 
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ever, found approximately equal volumes of carbon monoxide and methane and 
about six times as much hydrogen. More recently, Bernoulli and Cantienj 213 
noted that at the beginning of the reaction much more hydrogen than carbon 
monoxide is evolved, but that later the reverse is true. The decomposition wan 
accelerated by acids and retarded by alkalies. No optically active decomposition 
products were formed, and the decrease in glucose as measured by rotation w 
not proportional to the amount of carbon monoxide evolved. e 

Ketoses were found by Berthelot and Gaudechon,2!4 to undergo photolysis more 
readily, and to behave in a manner similar to that of acetone. Levulose, sorbose, 
persetlose, erythrulose and dihydroxyacetone each gave carbon monoxide, hydrogen 
and the alcohol with one carbon atom less than the parent sugar. Extreme ultra- 
violet rays caused secondary reactions, in which carbon dioxide and methane were 

aS 
“i 

eee 

204 Marchlewski, L., and Kwiencinski, L., Bull. Acad. Polonaise, 255, 1926A; 379, 1927A;3 257, 26am 
o/h, 1923%; 317, 1929A; Bull. soc. chim., 43, 725 (1928); Z. physiol. Chem., 169, 300 C1927 2 March. 
lewski, L., and Gabryelski, W., Bull. Acad. Polonaise, 397, 1933A; Marchlewski, L., and Urbanczyk, W., 
Ibid., 409, 1933A; Biochem. Z., 261, 393 (1933); Fischler, F., Hauss, H., and Taufel, K., Biochem. Z., 
265, 181 (1933); Braun, E., Ber., 63B, 1972 (1930); Kwiencinski, L., Mayer, J., and Marchlewski, L., 
Z. physik. Chem., 176, 292 (1928); Bednarcezyk, W., and Marchlewski, L., Bull. Acad. Polonaise, 140, ; 
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215 Berthelot, D., and Gaudechon, H., Compt. rend., 151, 395 (1910). 

26 Bierry, H., Henri, V., and Ranc, A., Compt. rend., 151, 316 (1910); Biochem. Z., 64, 257 (1914); 

Bull. soc. chim., 35, 771 (1924). 

27 Berthelot, D., and Gaudechon, H., Compt. rend., 155, 401 (1912). 

"8 Berthelot, D., and Gaudechon, H., Compt. rend., 156, 707 (1913). eee. 

=~ i : tieni, R., Helv. Chim. Acta, 15, 119 (1932); Cantieni, R., Ibid., 17, 
1528 iss 18. 478 ag dade. (1935): 19, 86, 94, 270, 276 (1936); Ber., ob, 2286 (1936). 
220 Holtz, P., Arch. exptl. Path. Pharmakol., 182, 141 (1936); Brit. Chem. Abs., 1936A, 1094. 

*8 Bernoulli, A. L., and Cantieni, R., Helv. Chim. Acta, 15, 119 (1932). 221 Dubouloz, P., Compt. rend. soc. biol., 116, 435 (1934); Chem. Abs., 28, 6371 (1934). 
14 Berthelot, D., and Gaudechon, H., Compt. rend., 155, 401, 1153 (1912); Bull. soc. chim., 35, 241 : 222 Banerjee, T., J. Indian Chem. Soc., 14, 59 (1937); Chem. Abs., 31, 5275 (1937). See also Ghosh, 

(1924); see also Beyersdorfer and Hess, Ber., 57B, 1708 (1924). 4 _ J. C., and Mukherjee, J., Ibid., 6, 231 (1929). ; . 

208 Dillman, L. M., J. Lab. Clin. Med., 17, 236 (1931); Chem. Abs:, 26,3270 (1932). 
209 de Fazi, R., Atti accad. Lincet, 5, 344, 901 (1927); Chem. Abs., 21, 4013 (1927); Sanzo, L., 

and Pirrone, F., Atti accad. Lincei, 13, 613 (1931); Chem. Abs., 26, 2990 (1932). ; 
20 Palit, C. C., and Dhar, N. R., J. Indian Chem. Soc., 11, 661 (1934): Bri 1934A, 

1314. See also J. Phys. Chem., 32, 1263 (1928). aa : (1934); Brit. Chem. Al 4 

*11 Euler, H., and Lindberg, E., Biochem. Z., 39, 410 (1912); J. Chem. Soc., 102, II, 407 (1912). | ; : 
212 Berthelot, D., and Gaudechon, H., Compt. rend., 151, 395 (1910). 
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induction period, which increases with the peroxide concentration, 
varies as the square root of the intensity of absorbed light, but is in 
the glucose concentration. The quantum yield is somewhat greate 
and the temperature coefficient, 1.1 to 1.2. Similar reactions occur 
dehyde and fructose. 

Neutral solutions of sucrose are hydrolyzed by ultraviolet light g 
slightly acid.??8 The rate of hydrolysis increased with the duration o 
sure, probably because of the acid formation, although this may have been due ¢ 
traces of a catalyst. According to Bierry, Henri and Ranc,??4 the ult; a 
hydrolysis is appreciable in 5 per cent sucrose solutions after twenty howcaill 

irradiation at 40°C.; after 48 hours formaldehyde can be detected. A gag i 
tion begins after 72 hours and becomes marked on the fifth or sixth oul 
exposure. Of the combustible part of this gas, 50 per cent was carbon oneal d 

Berthelot and Gaudechon,??5 confirmed the presence of two stages nal 
hydrolysis of disaccharides by relatively long wave-lengths. The first stage ida a 
evolve gas, but the second consists in the decomposition of the mixture of ~ 4 

produced in the first stage and so is accompanied by the evolution of gas, THA 
disagreed with previous observers, in that they did not find that acid is fo a 
during the process. Beyersdorfer and Hess 226 using carefully purified suyeroce 
and conductivity water found that at 15-20°C. in 4 molar solution, the effect al 
irradiation was hardly perceptible. At 70° and 100°C., the sugar was attacke 
energetically, the decomposition at first increasing slowly, then rapidly wil 

increasing temperature. After the addition of 0.3 to 0.6 gram of chlorophyll ¢ 
250 cc. of 4 molar solution, irradiation for twelve hours at 100°C. produced a 
detectable change in the sucrose. Manganese chloride, potassium chloride, potas. 
sium bromide, and potassium iodide had little influence on the change, which 
however, scarcely occurs in the presence of sodium acetate. 

In 0.5 molar solution at 100°C., gas evolution begins in 15 minutes, and th 
acidity and reducing power increase about in proportion to the time. After about 
four hours, the solution becomes levorotatory and after 24 hours contains i 

further positively detectable amounts of optically active substances. The red i 
ing power reaches its maximum after about 48 hours, then decreases proportion- 
ately with the time and more slowly than it had increased. A crystal of sucrose — 
when exposed to ultraviolet rays at 70°C. becomes coated on the exposed surfa 
with a brown layer of caramel. 

— Yajnik, Goyle and Wadhera 227 maintain that aqueous sucrose solutions con- 
tained in Jena glass vessels undergo inversion when exposed to tropical sunlight 
in the absence of acid, and that in the presence of 0.25 normal acid, the rate of 
inversion is increased by sunlight. Some have believed visible and near infrared 
rays to effect the inversion with a high quantum yield, the reaction having also 
a high temperature coefficient.228 Tanret 229 finds sucrose to be hydrolyzed slowly 
and maltose and trehalose to be hydrolyzed less than 30 per cent as fast as sucrose 
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23 y, Euler, H., and Ohlsen, H., J. chim. phys., 9, 416 (1911). 

224 Bierry, H., Henri, V., and Ranc, A., Compt. rend., 152, 1629 (1911). 

225 Berthelot, D., and Gaudechon, H., Compt. rend., 155, 1016 (1912); 156, 468 (1913). 

226 Beyersdorfer, P., and Hess, W., Ber., 57B, 1708 (1924); Taketomi, N., and Miura, K., J. Soc. 
Chem. Ind. Japan, 33, 9B (1930). 

227 'Yajnik, N. A., Goyle, D. N., and Wadhera, M. L., Z. anorg. Chem., 225, 24 (1935). a 

228 Bhattacharya, A. K., and Dhar, N. R., J. Indian Chem. Soc., 6, 879 (1929); Brit. Chem. Abs., Ay— 
555 (1930); Z. anorg. Allgem. Chem., 199, 1 (1931); see also Andant, A., and Rousseau, E., Compt. 
rend., 186, 365 (1928). e 

29 Tanret, G., Compt. rend., 202, 881 (1936); Bull. soc. chim. biol., 18, 1344 (1936). 

230 Szalay, S., Magyar Biol. Kutato Intezet Munkai, 8, 417 (1935-6); Chem. Abs., 30, 7041 (1936). 
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et rays. The effect on lactose was uncertain. Szalay 78° suggested 

. oure sucrose solutions were not affected, but that those containing traces of 

i. os catalyst, showed increased reducing power and acidity, ascribed by 

eee” ne formation of glucuronic acid. 
Baty 231 directed two pencils of light from the same source, differing only in 

a direction of their circular polarization, on two identical solutions of a sugar 

eh exhibits | mutarotation. Differences in the rate of mutarotation, giving 

ps rary differences which reached more than 0.25° were observed, but the 
emp© Fal equilibrium was obtained. In monochromatic light, glucose gave a 

as ce result at 5461A and a negative one at 5890-6A. 
a the case of the trioses, raffinose, melesitose and gentianose, the first stage 

«the reaction did not appear to consist of the formation of a monose and a biose.??? 

after the first stage of decomposition, the action was the same as in the case of the 

J noses. 

When a concentrated aqueous solution of trihexosan is exposed to ultraviolet 

ays for 56 hours, 60 per cent conversion into hexahexosan occurs; further irradia- 

4 ¢ the latter appears to have no action.?33 Irradiation of dextrinosan, 

CyoHo00 10: affords hexahexosan. 
 Massol 234 stated that if solutions of soluble starch (prepared by heating for 

three hours at 150°C.) of 0.2 to 1 per cent concentration, are exposed at a distance 

of 10 centimeters, to the action of a mercury-vapor quartz lamp consuming 300 

| ‘the starch gradually loses the property of giving a blue color with iodine, 

the color undergoing an alteration similar to that observed when the iodine test 

js applied at various stages of starch conversion. The rate of transformation 

jncreases on decreasing the concentration and on acidifying the medium. As a 

result of the exposure also, the solution acquires reducing power (probably due 

to maltose) and becomes less precipitable by alcohol. The portion soluble in 

alcohol possesses reducing power and is dextrorotatory. The hydrolysis was not 

: jtraviol 

tion Oo 

watts, 

due to the acidity or temperature or to the small amount of hydrogen peroxide 

formed under the action of the rays. According to Bielecki and Wurmser,?25 

the hydrolysis is accompanied by a partial oxidation, since there can be identified 

~ among the products, besides dextrins, reducing sugars, including pentoses, some 

formaldehyde and other similar substances. 

Samec 226 found that on exposing thin layers of potato starch in presence of 

air to the rays of a quartz lamp, it became yellow and the odor of acraldehyde 

“was observed. The properties of solutions obtained by heating starch so treated 

under pressure with water indicate that considerable peptization had occurred, 

‘together with a certain amount of oxidation and hydrolysis. The behavior on 

electrodialysis depends on the length of exposure to the ultraviolet, the amount 

of “gel” being smaller the longer the exposure. The phosphorus of the starch 

‘temains largely in organic combination. The cleavage products separated by 

‘ultrafiltration, although possessing a lower optical rotation, show the typical 

iodine colorations of the amylo-compound. Observations have also been made at 

50°C. on starch which has been previously dried, or washed with hydrochloric 

acid and dried and exposed to ultraviolet light in a stream of dry nitrogen and in 

#31 Souty, P., Compt. rend., 199, 198 (1934). 
282 Berthelot, D., and Gaudechon, H., Compt. rend., 155, 1506 (1912). 

233 Pictet, A., and Vogel, H., Rec. trav. chim., 48, 843 (1929); Brit. Chem. Abs., 1929A, 1167. 

_ *4 Massol, L., Compt. rend., 152, 902 (1911). 
8 Bielecki, J., and Wurmser, R., Compt. rend., 154, 1429 (1912). 

oad Samec, M., Kolloid. Chem. Beih., 23, 377 (1927); Brit. Chem. Abs., A, 412 (1927). 
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436 THE CHEMICAL ACTION OF ULTRAVIOLET RAYS 

closed vessels in an atmosphere of nitrogen, whereby oxidation and } 
are prevented. The solutions prepared under pressure from the expo Ydrohy 
are sometimes cloudy and deposit a precipitate on centrifuging. Whels <4 a 
also peptized by ultraviolet light, and in this case the behavior of the 5 Re 
electrodialysis is the reverse of that of the unexposed starch. As with a 
starch, a relatively simple organic acid containing phosphorus is foul Pot 
anode cell on electrodialysis. nea 

The changes which take place when starch, glycogen, inulin, dextrin ¢ 
and amylopectin are irradiated with the quartz mercury lamp have beat jolt 

QO 

Chapter 24 

Acids and Other Aliphatic Compounds 

quantitatively by Lieben, Lowe and Bauminger 237 in respect to lactic acid : a 

reducing substance produced. The latter consists not merely of glucose but a 
of ultraviolet light on many organic acids or their salts leads to 

jmposition * of the latter, but in unsaturated acids the polymerizations and 

sojsomeric transformations characteristic of the photochemical behavior of 

ponds often occur. 
d Arends? showed that saturated mono- and di-carboxylic aliphatic 

r form, in hexane, or in aqueous solutions have an absorption band 

sinning at about 2400A, with a maximum at 2040-20704. This maximum is 

cribed to the carbonyl group, since it appears also in the chlorides and anhy- 

Ries of the acids. The nature of the absorption is not materially affected by 

ster formation, but is usually totally changed by salt formation. Sodium acetate, 

snsidered as typical of the salts of acetic acid, shows no maximum at 2040A, but 

inues to absorb the shorter wave-lengths with increasing intensity. The curve 

ny formic acid lies somewhat nearer to the visible. Ramsperger and Porter ® 

and the bimolecular form of formic acid primarily responsible for the absorp- 
son between 2260 and 2500A. Harris* believed the unimolecular form to agree 

, absorption with that of the other acids, having its maximum at 2050A. 

 Tederer® finds some specific absorption by all fatty acids between 2700 and 

gQ0A, that of propionic extending to 2700A and stearic to 2800A. <A confirma- 

+, has been given by Hartleb,® but the cause of this absorption has not yet been 

definitely established. 

of maltose and other reducing sugars, including traces of triose. Am loseu 
amylopectin are less affected than is starch.238 vice 

It is claimed by Tanret and Guillaume 73° that 2-per cent solutions of ol 
sides (salicin, amygdalin, etc.) and also certain esters may be hydrolyzed. 

exposures to wave-lengths in the range 1800 to 3100A for three to twenty y. 

hour periods. An increase in temperature or acidity of the medium incre F 
rate. In the case of nine glucosides, the order of. hydrolysis differed wheal 

hydrolyzing agent was ultraviolet rays, acids, and enzymes.24° After twa 
hours of irradiation, various glucosides were hydrolyzed to the following perce nt 
helicin, 100 per cent, gentiopicrin, 59, coniferin, 55.4, amygdalin, 35.4, salics 
31.1, picein, 23.3, arbutin, 13.4 and methylarbutin, 81 per cent. Floridosy 
(glyceryl g-galactoside) and g- and £-methylglucosides were hydrolyzed a 
slowly and xanthorhamnin not at all, although it absorbed the entire ultrayio 
spectrum used. Acetylsalicylic acid, tropacocaine, homotropococaine, monobutyy 
and asparagine were hydrolyzed more or less, but ethyl acetate, glycylglycir 
dl-alanylglycine, glycyltyrosine, and urea were not.241 Saponin is claimed | 
Wolf 742 to lose its toxicity after irradiation by ultraviolet in solution, so that 
may be used as an emulsifying agent in food products without danger of produ 
ing hemolysis. 

reo! 
ible 

Boey 30 
4d 5, in vapO 

There is spectroscopic evidence for the formation of solvates of both esters and free 

4c in various solvents? and Herold*® concludes from ultraviolet absorption measure- 

5 that the formation of solvates (hydrates or semiacetals) is a necessary preliminary 

to the dissociation of the fatty acids. | 
237 Lieben, F., Lowe, L., and Bauminger, B., Biochem. Z., 271, 209 (1934). 

288 See also Isemura, T., J. Chem. Soc. Japan, 56, 772 (1935); Chem. Abs., 29, 7352 (1935). 

#39 Tanret, G., and Guillaume, A., Compt. rend., 201, 1057 (1935). 

1 ee ay Compt. rend., 202, 881 (1936); Bull. soc. chim. biol., 18, 1344 (1936); Brit. Chen 

241 Guillaume, A., and Tanret, G., Compt. rend., 201, 1057 (1935); Bull. soc. chim. bi 55 
(1936); Chem. Abs., 30, 5503 (1936). J (1980)5 Bull. 00: ae a 

242 Wolf, J.. German Patent 524,892, June 3, 1927; Chem. Abs., 25, 4326 (1931). 

AcETIc ACID 

In the photolysis of acetic acid in the absence of air, Berthelot and Gaudechon ? 

obtained a gas which contained 44 per cent of carbon dioxide, 17 per cent of 

on monoxide and 39 per cent of combustible gases. Farkas and Wansbrough- 

510 find that undissociated formic, acetic and succinic acids in aqueous solu- 

undergo several simultaneous photochemical changes. One is the direct 

ation of carbon dioxide and a hydrocarbon by a process analogous to that 
 1Kailan, A., Monatsh., 34, 1209 (1913). 

- 2Ley, H., and Arends, B., Z. physik. Chem., B4, 234 (1929); B17, 177 (1932); Price, W., C., and 

Evans, W. M., Proc. Roy. Soc., A162, 110 (1937); earlier observations are due to Hantzsch, A., and 

von Halban, H., Z. Elektrochem., 29, 221 (1923). ; 
8Ramsperger, H. C., and Porter, C. W., J. Am. Chem. Soc., 48, 1267 (1926). 

' *Harris, L., Nature, 118, 482 (1926). 
 5Lederer, E. L., Allgem. Ol.-u. Fettztg., 27, 237 (1930); Chem. Abs., 25, 2014 (1931). 

| *Hartleb, O., Strahlentherapie, 39, 442 (1931). | 
‘Ley, H., and Hiinecke, H., Ber., 59, 510 (1926). 

* Herold, W., Z. physik. Chem., B18, 265 (1932); Z. Elektrochem., 38, 633 (1932). 

ay D., and Gaudechon, H., Compt. rend., 156, 68 (1913); J. Soc. Chem. Ind., 29, 1081 

- atkas, L., and Wansbrough-Jones, O. H., Z. physik. Chem., B18, 124 (1932). 
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encountered in the photochemistry of the ketones, RCOOH + hy-sco , 7 

With acetic and propionic acids, the reaction, RCOOH(H:0) + hy»+»¢ or 9 

+ ROH occurs (in aqueous solution) about 60 per cent as frequently as on . 

tion yielding carbon dioxide. Longer-chained acids tend, as do the aldeh 9 re 

yield some unsaturated hydrocarbon and a shorter-chained acid: CH.CHaM 

COOH + hv > CsH, + CH,COOH. Alll of the acids yield condensation prog. 
In acetic acid vapor, which shows only a continuous spectrum, the chick 

tion is dissociation into carbon dioxide and methane. The quantum yielg (18 

2300A) is 0.45 for acetic acid, 1.0 for propionic acid and 0.4 for succinic 8 

When polymers of the acids are present, the reaction is more complex. a 

formic acid.) When acetic acid is decomposed in hexane solution, the goly a 

attacked. . 

Burton,1! using the mirror method, has found that hydrogen atoms byt 0 

methyl radicals are formed in the photolysis of acetic acid. Terenin 12 haa ersed platinum. ef ae 

detected the hydroxyl radical in photolyses at about 1560A. To account for fh, ~ Double molecules of formic acid present in the vapor phase decompose almost 

results, Burton suggested two possible mechanisms, one being: : a entirely to carbon dioxide and hydrogen.2® The single molecules yield both these 

7 3 q sroducts and carbon monoxide and water, the ratio varying with the temperature 

and wave-length employed. At 40°C. and 2540A, the ratio is approximately 75.5 

per cent carbon monoxide and water to 24.5 per cent carbon dioxide and hydrogen. 

By 100°C. and with the same wave-length, the amounts are 69 and 31 per cent, 

‘respectively. At shorter wave-lengths, 2100 and 1900A, the ratio is 42 per cent to 

58 per cent. At these two latter wave-lengths, the quantum yield is unity for the 

decomposition of either double or single molecules. 

An application of the para-hydrogen conversion test for atomic hydrogen showed 

only minimal formation of hydrogen atoms and carboxyl radicals, so that the primary 

process may consist in a rearrangement of bonds to give hydrogen and carbon 

‘dioxide directly. Burton 2! was unable to detect hydrogen atoms by the mirror test. 

 Terenin,2? however, detected OH by its emission spectrum when wave-lengths near 

1560A were used. 

According to Allmand and Reeve,?* radiation of wave-length 3100A produces a> 

_ slow decomposition of aqueous solutions of formic acid, the products being carbon 

- dioxide and hydrogen, traces of formaldehyde and some more complex compound of | 

“highly reduced nature. The latter products were secured by reduction of formic acid 

by some of the hydrogen. In the presence of the uranyl ion, the decomposition in 

“aqueous solutions is sensitized to visible light.24 The velocity of photolysis depends 

upon the concentrations of the formic acid and the uranyl ion. With increasing con- 

centrations of the latter, the velocity at first increases rapidly and passes through a 

_ maximum. The reaction is strongly desensitized by iodide, chloride and ferrous 

ions, hydroquinone, potassium dichromate, silver nitrate, sodium nitrite, potassium 

: cyanide and mercuric sulfate, slightly desensitized by cupric sulfate, chromic sulfate, 

odopropionic acid soon becomes colored by free iodine in daylight, and 

odine more rapidly in direct sunlight, or in chloroform solution in glass.1® dl- ao I 

es its 1 

Formic Acip 17 

a amsperget and Porter te accomplished the complete decomposition of formic acid 
oor by exposing the acid for 16 hours at a distance of 20 cm. from a 220-volt 

Bcury arc at 20°C. Carbon monoxide and water constituted 64 per cent, and 
a n dioxide and hydrogen, 36 per cent, of the mixed products formed by two 

i” olytic processes. Miiller and Hentschel ® believed that some of the hydrogen 

med reduces the acid further. Although the formation of methanol and formalde- 

ic could not be established, a noncrystalline solid was observed to form in the 

sation. They found also that the decomposition could be catalyzed by finely dis- 

CH:COOH + hy —— CH:COOH* 

CH;COOH* —— CH:COO + H 

CH:COO + H ——— CH. + CO: 

CH,COOH + H ——> CH. + COOH 
COOK 773700 oF OR 

2CH;:COO wie ( okie 2COz. 

In aqueous solutions of salts of aliphatic acids the decomposition is even m 

complex and, according to Jaeger and Berger,!3 is dependent upon the acid an 

and other ions which may be present, particularly cations. According to Farl 

and Wansbrough-Jones, the reaction depends upon absorption within the elect 

affinity spectrum of the anion by the process: A’ (H,O) + hv—> A + OR H, 1 

because of a subsequent reaction A + H— A’ + H’, the yield of the decompositi 

products is small. Addition of alkali favors the evolution of hydrogen and 1 

formation of acids of higher basicity. Farkas states 14 the quantum yield of # 

reaction of the primarily produced hydrogen atom with acetate ion to for 

methane and carbon dioxide is 0.05 at pH 8.5. When silver acetate is used 1 

hydrogen atoms may react with silver ions, so that the usual retarding process 

less effective. a 

Acetic acid and aniline 15 in equimolar proportions when exposed to ultravic 

rays for 24 hours give nearly a 100 per cent yield of acetanilide. Propionic 4 

benzoic acids act similarly. The yield of propionanilide is about 65 per cent 

theoretical and that of benzanilide considerably less. Amide formation ocet 

much less readily, ammonium acetate in the presence of excess ammont 

hydroxide giving only about 5.3 per cent acetamide, and ammonium benzoate € 

less benzamide. 4 

_ @Hannerz, E., Ber., 59B, 1367 (1926). 
“Jt has been claimed that methyl alcohol vapor and carbon monoxide exposed to ultraviolet rays or 

led over barium and potassium carbonates at 500°, give methyl formate and high-molecular compounds. 

ae on faa, Victzel, R., German P. 442,125, June 10, 1923, to I. G. Farbenind. A.-G.; Brit. 
EI ' si , 

| — «BR | 

11 Burton, M., J. Am. Chem. Soc., 58, 692, 1645 (1936). Data for the photolysis of propiomie 3 — H. C., and Porter, C. W., J. Am. Chem. Soc., 48, 1267 (1926). 

have been given by Henkin, H., and Burton, M., Ibid., 60, 831 (1938). As in acetic acid, both a a... os E., and Hentschel, H., Ber., 59, 1854 (1926). 

gen atoms and ultimate molecules are produced in primary processes. The relative number of hydre Poy Gorin, E., and Taylor, H. S., J. Am. Chem. Soc., 56, 2042 (1934); see also Herr, W. N., and 

atoms per einstein is greater than in acetic acid. a _ Noyes, W. A., Jr., Ibid., 50, 2345 (1928). 

12'Terenin, A., Acta Physicochim. U.R.S.S., 3, 181 (1935). a Burton, M., J. Am. Chem. Soc., 58, 1655 (1936). 

18 Jaeger, F. M., and Berger, G., J. Chem. Soc., 119, 2070 (1921); Proc. Roy. Soc., 23, 84 (19 _ *Terenin, A., Acta Physicochim. U.R.S.S., 3, 181 (1935). 

4 Farkas, L., Z. physik. Chem., B23, 89 (1933). ‘ } ! mand, A. J., and Reeve, L., J. Chem. Soc., 2852 (1926). _ 

15 Stoermer, R., and Robert, E., Ber., 55B, 1030 (1922). ® Ouellet, C., Helv. Chim. Acta, 14, 936 (1931); Chem. Abs,, 26, 656 (1932); Bichi, P, F., [2 

: 
Me ysik. Chem., 111, 269 (1924)] gives the quantum yield as 0.7. 

> 
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sodium nitrate and potassium fluoride. Photolysis is not affected by trisodi 

phate, ammonium acetate or magnesium sulfate. Oxidation-reduction 

the desensitizer, which remains unchanged, play an important part in its aa 

Increased concentration of the formic acid diminishes the effect of - Stteg 
- o . ‘a desensiti,.. 

but at 25 per cent concentration the velocity becomes almost independent of th ize 

centration. When the concentration of the desensitizer is increased, the eau “a 

ing effect increases rapidly at the beginning and then more slowly. Ghosh ail 

Mitter 25 have given spectroscopic evidence for the formation of intermediate 7 

pounds of uranyl salts and organic acids. On 

A reaction in aqueous solution between sodium formate and iodine studied b 
Dhar and Bhargava 26 is unimolecular in darkness and “semimolecular” jy 4; ” 

Its velocity is proportional to the 0.75 to 0.66 power of the intensity of the ing; a 

light. It is a chain reaction, the quantum yield varying from 26 to 64, increasing 

with temperature and frequency of the light. More light is absorbed by the mia 

than by the reactants separately. “’ 

Attention has been called to the formation of a peroxide from formic aciq 4 

the presence of oxygen, by short ultraviolet rays. The peroxide was assumed nf 

Cantieni 27 to be performic acid.?® vf a 

Relatively little work has been done on the photolysis of acetyl halides. The 
decomposition products contain carbon monoxide and the methyl halide, but aa 

hydrogen, ethane or ethylene. The decomposition products from acetyl chloride 

contained hydrogen chloride and a polymer of either biacetyl or ketene. The pro 7 

ucts from acetyl bromide are bromine and CH,BrCH,Br(?). Iodine is formed 
from acetyl iodide.2? ae : ‘7 

The rates of decomposition of carbonyl hypohalites, e.g., C,H;sCOOBr, age 

dependent both upon concentration and illumination, according to Bockemiiller 

and Hoffmann,2° daylight greatly retarding the decomposition. 2 
* 

Dirpasic ACIDS 

_. The photolysis of oxalic acid 31 consists in a primary decomposition into” 

carbon dioxide and formic acid, followed by a secondary decomposition of the 

formic acid into carbon. monoxide and hydrogen by rays of short wave-length. 

Kailan 22 concluded that the rate of the decomposition of dibasic acids increases 

with the duration of the exposure, but does not increase in proportion to the 

concentration of the acid. He found more carboxyl groups to be decomposed 

from malonic acid than from oxalic acid. Also, introduction of a hydroxyi group_ 

increased the rate of decomposition of dibasic acids. The rate of decomposition 

of malonic acid by sunlight in the presence of catalyst was found by Fay °* to be 

exceedingly slow. Berthelot and Gaudechon 34 found uranyl salts to catalyze this — 

2 Ghosh, J. C., and Mitter, B. N., Quart. J. Indian Chem. Soc., 4, 353 (1927); Chem. Abs., 2255 

1899 (1928). . 

26 Dhar, N. R., and Bhargava, P. N., J. Phys. Chem., 39, 1231 (1935). 

27 Cantieni, R., Helv. Chim. Acta, 19, 1153 (1936); Ber., 69B, 1153 (1936). 

shown by other fatty acids. Z. wiss. Phot., 36, 90 (1937); Chem. Abs., 31, 8381 (1937) 

28 Data on the decomposition of acetyl peroxide have been given by Walker, O. J., and Wild, G. L. Eis 

Chem. Soc., 1132 (1937). . 

29 Etzler, D. H., arid Rollefson, G. K., J. Chem. Phys., 6, 653 (1938). 

30 Bockemiiller, W., and Hoffmann, F. W., Ann., 520, 165 (1935); Chem. Abs., 

31 Berthelot, D., and Gaudechon, H., Compt. rend., 158, 1791 (1914). 

82 Kailan, A., Monatsh., 34, 1209 (1913). 

83 Fay, H., Am. Chem. J., 18, 269 (1896). 
8£ Berthelot, D., and Gaudechon, H., Compt. rend., 157, 333 (1913). 

fe 

7g 

» 

Similar behavior is — 

29, 7940 (1935). = 
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and Volmar *° found the main products of decomposition to be acetic 

arbon dioxide. 
“yolmar also subjected a series of dibasic acids in 0.01 molar solutions to the 

ht of 4 quartz mercury arc. Oxalic and malonic acids yields formic and acetic 
ig 4 respectively. Succinic acid gave a trace of propionic acid, but glutaric 

: ‘gave no butyric acid and liberated only 0.13 cc. of carbon dioxide in four 

Oxalic acid, like formic acid, has the maximum sensitivity of the corre- 

onding series of acids and has an absorption maximum at 2500A.26 As the 

hain between the carboxyl groups lengthens, their mutual influence diminishes and 

com succinic acid onwards the groups behave as though they were independent. 

~ Noyes and Kouperman 87 found a long induction period for the photolysis of 

-olid oxalic acid by wave-lengths shorter than 2500A. Following the induction 

neriod, the rate of decomposition attained a practically constant rate. This rate 

Bas apparently greater when short wave-lengths were employed. Their explana- 

s that such radiations might endow the decomposition products with an 

Becess of kinetic energy which would aid their more rapid diffusion out from 

the ‘nterior of the crystals. The rate of thermal decomposition of solid silver 

‘oxalate may be increased by a previous exposure of the salt to light of wave-. 

jengths Jess than 5200A.38 

Tt was reported by Noyes and Kouperman that the rate of decomposition of 

oxalic acid was greater when the acid was in aqueous solution than when the acid 

was used alone. Allmand and Reeve 29 found the decomposition products of such 

solutions to be predominantly carbon dioxide, with small amounts of formaldehyde.*° 

‘Wave-lengths as long as 3000A were effective in causing photolysis. In all cases, 

the quantum yields were low, but appeared to increase on dilution of the solution. 

For a 0.68 molar solution, 100 quanta were absorbed per molecule decomposed at 

7650A, 2450 at 3000A and 1060 at 3650A. " | 

Winther and Oxholt-Howe 4! found the quantum sensitivity of the decompo- 

‘sition of iron oxalate, succinate, tartrate, citrate and acetate for short wave-lengths 

‘to be greater than unity. Kunz-Krause and Manicke 42 reported that under the 

catalytic action of ferric chloride, 5.3 per cent of crystalline oxalic acid suffers 

decomposition after a five-hour arc light exposure and 61.7 per cent after 16 hours. 

 Padoa and Vita 4 studied the action of light on the reaction 

y ction, 

jd and ¢ 

i 

ours 10 i 

tion was 

2FeCls a HeC2O. aR 2FeCle =i 2H ae 2COz. 

They believed that the sum of the effects obtained in the blue and violet regions 

is 1.123 times that of white light. In the presence of quinine bisulfate, the zone 

of active radiations was widened and the sum of the effects of blue, green and violet 

lights was said to be 2.125 times that of white light. 

Complex Oxalate Ions. The quantities of potassium cobaltioxalate = 

— ®Volmar, Compt. rend., i320, i742 (i925); 

36 See Ley, H., and Arends, B., Z. physik. Chem., B17, 177 (1932); Vlés, F., and Gex, M., Compt. 

— rend., 180, 1342 (1923). : | 
8? Noyes, W. A., Jr., and Kouperman, A. B., J. Am. Chem. Soc., 45, 1398 (1923); Wobbe, D. E., 

and Noyes, W. A., Jr., Ibid., 48, 2856 (1926). 

8 Benton, A. F., and Cunningham, G. L., J. Am. Chem. Soc., 57, 2227 AKGSS). 

89 Allmand, A. J., and Reeve, L., J. Chem. Soc., 2834 (1926). 

40 Baur, E., believes there is a direct decomposition into carbon monoxide, carbon dioxide and 

water. Z. physik. Chem., 111, 315 (1924). © 

41 Winther, C., and Oxholt-Howe, H., Z. wiss. Phot., 14, 196 (1914). 

"4 
y 

é N 42Kunz-Krause, H., and Manicke, P., Ber. Pharm. Ges., 32, 209 (1922). 
48 Padoa, M., and Vita, N., Gazz. chim, ital., 54, 147 (1924); see also Atti Cong. naz. chim. pura 

 Opplicata, 398 (1923). 
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‘ 

decomposed by the mercury arc in quartz vessels in identical interval] : She 5 S of tin. _4050A) over a range of fifteen to one, whether continuous or intermittent. 

ete approximately independent of the initial concentrations and deternp \ results tended to confirm the work of Padoa and Vita (see Chapter 12). 

chiefly by the light ener’ absorbed. The addition of alcohol had no appreaiailll mies* uegested that the primary result of the absorption of a light quantum is the 
effect, but neutral salts did have marked effects. Bhagwat and Dhar,45 fou ia phey an of the ferrioxalate ion, a process regarded as involving the partial 

reaction to be greatly accelerated by short wave-length radiation. Also . ac . Bon of the union between the ferric ion and one of the attached oxalate 

latter investigators gave the temperature coefficient of the thermal reaction an 3a Reaction then occurs on collision of such an activated ion with a normal 
in incandescent light, the coefficient was 1.85 and in sunlight L.13.i ae sunlil jons: ore recently, Allmand and Young 5! confirmed the synergistic action of 

the velocity was proportional to the square root of the light intensity, but jy lag 4 — monochromatic rays and showed that the temperature coefficient for this 
light it was directly proportional to the intensity. Murgulescu 46 also finds a ion is “negative.” They also observed that in aqueous solutions, the velocity 

decomposition of 0.02-0.002 molar potassium cobaltioxalate by light of a 4 :.. potoreduction of ferric chloride by oxalic acid is proportional to the inten- 

lengths 4360, 4050, 3660 and 3130A to be of zero order. 7 : that the ferric ion has no effect other than a slight light filter effect, and that 

[Col C04) a1” + hy [CO(C:0.)2]” + (C:00’ | De quantum efficiency is of the order of unity.® Kornfeld and Mencke ie had found 

az ; : | . the velocity proportional to the square root of the intensity of light in the blue, 

[Co(C2O.)s]”” + (C201)’ ——> (C20.1)” + 2COz + [Co(C.0.)2]” 7 on, and violet and, within limits, independent of the concentration of the 
; 8 ; ith’ -ati i ds to drop 

In most complex oxalates, Bhagwat 47 found the quantum yield to b q reagents. It varies with the duration of the reaction and rapidly ten 

police. Fee ae ii Lea OME Tay apt hiss ae orca a a to zero. Addition of ferrous sulfate retards the reaction at a rate proportional to 

“the concentration of the sulfate. | | 

The decomposition of oxalic acid can also be sensitized to light by chromium 

and by uranyl salts, the latter being about three times as effective as the former.*4 

‘The reaction in the presence of uranyl salts has been suggested for standardizing 

light sources employed in determination of the light fastness of dyes.°° Btichi,°° : 

who finds the quantum yield to be unity, attributes the reaction to the decomposi- 

‘tion of the non-ionized molecules of uranyl oxalate (UO,C,0,4) or of the com- 

“plex ions (UO2(C204)2)”, since the rate is only independent of the oxalic acid 

‘concentration when the latter is equimolar with or greater than the uranyl salt. 

} Miiller 57 disagrees with the theory of the formation of a sensitizer-complex 

‘molecule and attributes the decomposition to collisions of the second kind between 

activated uranyl ions and oxalic acid molecules or oxalate ions. Pierce®® con- 

firmed Bruner and Kozak 5® and Bacon ® in finding a temperature coefficient of 

‘unity, but was unable to decide between the mechanisms involving a sensitizer- 

complex and that of Miiller. Pringsheim ®' discards the theory of collisions with 
~ activated too stalin com he finds the inhibiting effect of iodide ions on the 

lision of this activated molecule with an unexcited molecule, both are decom. 
posed. Potassium cuprioxalate requires a sensitizer in visible light. The decal 
position products include copper, cuprous oxide, carbon monoxide and carbon 
dioxide. The quantum yield is 0.66. Bhagwat makes the assumption that the 
molecule absorbs two quanta before being further activated through the sensitizer, 
The sensitizers employed by Dube and Dhar 4® were ferric chloride or uranyl 
nitrate. The reaction was of zero order. Increasing the amount of the sensitizer 
increased the rate through a maximum. The reaction was more effectively retarded 
by oxygen than by carbon dioxide. It was accelerated by the presence of a large 
excess of potassium oxalate. a 

Potassium manganioxalate absorbs light throughout the visible, with a maxi- 
mum at about 4870A. Ghosh and Kappanna*® find white light to more than 
treble the velocity of thermal decomposition of the potassium complex. The 
quantum yield is one when plane polarized light is used. Addition of oxalic acid 
diminishes the velocity of the reaction. ) : 

Allmand and Webb ®° found in the photodecomposition of KgFe(C,04)s, that — 
the quantum yields, which decrease with increasing wave-length, are of the order 
of unity. The presence of potassium oxalate caused a slight decrease in the 
quantum yield, but all other electrolytes tested increased the yield slightly. Experi- 

ments with mixed light with varying proportions of two or three mercury aren 

lines, showed an amount of decomposition 25 to 30 per cent greater than that 

calculated on the basis of an additivity of their separate effects. On the other 

hand, the use of a continuous band between 3900 and 4600A caused a degree of 

decomposition about 20 per cent lower than that expected on the basis of addi- 

tivity. The effects of intermittent and continuous exposures were the same. Thess 

quantum yield was independent of the intensity of the line 3650A (in some experiam 

photolysis too small in comparison with their effect on fluorescence. He therefore 

favors complex formation. The solution must not be alkaline when intended for 

use in an actinometer. The application of the reaction for this purpose has been 

discussed in Chapter 7, where more recent quantum yield measurements are men- 

tioned. : | . 

4 The Eder Reaction. A reaction formerly employed in actinometry, but really 

too complex and too subject to the presence of accelerating and inhibiting impu- 

51 Allmand, A. J., and Young, K. W., J. Chem. Soc., 3079 (1931). 

52 See also Baur, E., Ouellet, C., and Wackerlin, E., Z. wiss. Phot., 30, 88 (1931); Chem. Abs., 

26, 3729 (1932). | | 
53 Kornfeld, G., and Mencke, E., Z. Elektrochem., 34, 598 (1928). 
6 Landau, M., Compt. rend., 156, 1894 (1913); Mathews, J. H., and Dewey, L. H., J. Phys. Chem., 

17, 211 (1913); Boll, J. Chem. Soc., 108, ii, 123 (1925); Kunz-Krause, H., and Manicke, P., Ber. 
SRS 32, 209 (1922); Sandonnini, C., Atti accad. Lincei, 2, 427 (1925); Chem. Abs., 20, 

BG Holmes, W. C., Amer. Dyestuff Rep., 13, 188, 197 (1924); Chem. Abs., 18, 1614 (1924). 

6 Bichi, P. F., Z. physik. Chem., 111, 269 (1924); Chem. Abs., 19, 1097 (1925); Baur, Ex, ‘2. 
physik. Chem., 111, 315 (1924). 

-  Miiller, R. H., Proc. Roy. Soc., 121A, 313 (1929). 

Pierce, W. C., J. Am. Chem. Soc., 51, 2731 (1929). 

| 8 Bruner, L., and Kozak, J., Z. Elektrochem., 17, 355 (1911). 
© Bacon, R. E., Philippine J. Sci., 2, 129 (1907); 5, 281 (1910). 
% \Pringsheim, P., Physica, 4, 733 (1937); Chem. Abs., 31, 8380 (1937). 

44 Berger, G., Rec. trav. chim., 44, 47 (1925); Jaeger, M., and Berger, G., Proc. K. Akad. Wetensch. 

Amsterdam., 23, 84 (1920); J. Chem. Soc., 118, ii, 725 (1920). : 

meee W. V., and Dhar, N. R., Z. anorg. Chem., 197, 18 (1931); Brit. Chem, Abs., — 

46 Mureulescu, I. G., Bul. soc. stiinte Cluj, 8, 193 (1935); Chem. Abs., 30, 4402 (1936). 

47 Bhagwat, W. V., Z. anorg. allgem. Chem., 218, 365 (1934); Chem. Abs., 28, 6636 (1934). 

48 Dube, H. L., and Dhar, N. R., J. Phys. Chem., 36, 626 (1932). 

49 Ghosh, J. C., and Kappanna, A. N., Quart. J. Indian Chem. Soc., 3, 127 (1926); Brit. Chem. 
Abs., A, 1014 (1926). a 

50 Allmand, A. J., and Webb, W. W., J. Chem. Soc., 1518, 1531 (1929). 



444 THE CHEMICAL ACTION OF ULTRAVIOLET RAysS HGIDS AND OTHER ALIPHATIC COMPOUNDS 445 

. oreatest with the catalyzed photolysis, less with that which is uncatalyzed and 

Sat on the photolysis of the cobaltioxalate ion alone.?° 
le? Air, oxygen, hydrogen peroxide and ozone each inhibit the Eder reaction when 

rities, is the Eder reaction.°* A solution containing mercuric chloriq 
ammonium oxalate is employed. On exposure to light, the decompositic “anc 
ucts of the oxalate were thought to bring about the reduction of the mereuiil 
to calomel. Winther ® found that the sensitiveness of the solution to visipy sal te latter is carried out in the light of the carbon arc.7! The same is true of the 

depended upon the presence of traces of a ferric salt. The rate of deposi light a duction of ferric oxalate. Roseveare and Olson’? and Oberhauser and Schor- 

calomel was proportional to the iron content provided this did not exceeg a o1 i aller 73 consider the Eder reaction a chain reaction. Phenols also strongly 
ve x» me ess the reaction, an effect attributed by Weber 74 to a deactivation of the 

activated molecules or ions which form in the primary process. The same is true 

ajso of the eosin-sensitized reaction. When the solutions are saturated with 

i xygen, however, the phenols can depress the reaction only by acting as internal 

Biers. Weber also believes the photosensitive component of the (unsensitized) 

golution to be a complex compound. . | 

' Tn the presence of eosin and with approximately monochromatic light of wave- 

Jength 5200A, 5460 or S760A, there is a short induction period, atter which the 

reaction proceeds linearly with time.“© The speed of reaction is proportional to 

the intensity of light, both in the <ase of white light and of monochromatic illu- 

‘mination. In the concentration interval 5 x 10-7 to 5x 10-5 gm. per cc., the speed 

‘increases in proportion to the/concentration, but between 3x 10-5 and 10-* gm. 

per CC. the speed is constant. At higher concentrations, the rate begins to 

decrease. The decrease of carga as well as the damping of fluorescence as 

“functions of the concentra ion begin from the same sharp threshold. The rate 

of the reaction is proportional to the concentration of mercuric chloride and, above 

‘concentrations of 0.01 gm. per cc., is independent of the concentration of oxalate. 

Between 15° and 5°, the temperature coefficient is 2.6 and between 25° and 15%, 

1.9. The energy of activation is between 10 and 15 kcal. Beginning at 30°); the 

dark reaction acquires a noticeable speed. For the wave-lengths 5470 and 5760A, 

the quantum yield was, in the presence of oxygen, 12.5, a correction being made 

for the energy lost as fluorescence.7® 

Reaction Between Iodine and Potassium Oxalate in Aqueous Solution. The 

_ photochemical reaction between iodine and potassium oxalate 

low value. An excess of ferric salt, however, retarded the reaction, Particular 4 ept 
arly acy 

in the absence of dissolved oxygen. Furthermore, highly purified solution, 
still decomposed by ultraviolet light, although not markedly by visible light wee 

Comparative experiments by Winther and Oxholt-Howe,®* in which 
volumes of the filtrate from the calomel formed in a previous exposure and 4 
solution of the same composition were exposed to the influence of light unde; 

similar conditions, indicate that the initial photochemical action leads to er 
formation of some substance which acts as a powerful negative catalyst, This a 
also observed in the case of a purified Eder’s solution to which eosin has heal 
added as a sensitizer to the visible. In general, the effect becomes more marke 
as the intensity of the light increases. There is an appreciable loss of sensitivit 5 
if the eosin solution has been insolated before having been added to the Eders 

solution. Velocity measurements of these reactions have been made by Shpolskij 
and Ivanova.® 

equal 

fresh 

Padoa and Minganti®® have measured the temperature coefficients of the 
reaction at various wave-lengths. The reaction in green light was very slow anq 

a small proportion of a dilute aqueous solution of tetrabromofluorescein was added 
as a sensitizer; the latter was also employed in some experiments with white light, 

The results were as follows: white light, 1.29; ultraviolet, 1.05; dark blue, 1.2] 

green with sensitizer, 1.75; white light with sensitizer, 1.50. Here it is apparent 

that the longer the wave-length, the higher the temperature coefficient. T e 

effect of the sensitizer in raising the temperature coefficient with white light ial 
attributed to the fact that the sensitizer gives preponderance to the action of the 

yellow and green rays, which have little activity when no sensitizing agent is 

present. 
I, + C20.” ——> 27 + 2COz 

Trifonov 6&7 found that potassium mercuric oxalate can be decomposed by ~ 

water and by light. Various workers, including Ghosh and Rangcharya,®® have ; 

advanced evidence, in some cases spectrographic, for the formation of an inter- 

mediate compound in Eder’s solution. Cartledge and Djang ® find cobaltous salts” 

alone to be much less effective in inducing the reaction than are ferrous salts. The 

former affect chiefly the dark reaction. The effect of the cobaltioxalate complex — 

ion is essentially a pure catalysis in the light. The inhibiting effect of oxygen 

has been the subject of much study.77 Berthoud and Bellenot showed that the rate 

of reaction is proportional to the concentration of the oxalate ion and inversely to 

the concentration of the iodide ion. The latter exerts a retarding effect. The rate is 

also proportional to the square root of the light intensity and to a power of the 

titratable iodine concentration which varies between 0.5 and —0.5 depending upon 

~ the completeness of the absorption of the light, that is, upon the wave-length. 

When absorption is weak, as it is when red light is employed, the rate is 

directly proportional to the square root of the iodine concentration but when 

6 Krauss, F., and Berge, K., J. Prakt. Chem., 136, 257 (1933); see also Bekhterev, P., J. Russ. 

Phys.-Chem. Soc., 57, 161 (1925); Chem. Abs., 20, 2459 (1926); Pitzer, E. C., Gordon, N., and Wil- 

son, D., J. Am. Chem. Soc., 58, 67 (1936); Wieland, H., and Zilg, W., Annalen, 530, 1656 (19375 
Chem. Abs., 32, 1656 (1938). . 

6s Winther, C., Z. wiss. Phot., 8, 135, 197 (1910); 14, 172 (1914); Berger, G., Rec. trav. chim, 40, — 
387 (1921); Chem. Abs., 16, 1175 (1922). j 

6 Winther, C., and Oxholt-Howe, H., Z. wiss. Phot., 13, 89 (1913); J. Chem. Soc., 106, II, 10 (1914). 

6 Shpolskii, E., and Ivanova, E. N., J. Phys. Chem. (U.S.S.R.), 6, 133 (1935); Nature, 16, 647— 

(1930); Chem. Abs., 29, 7809 (1935). For the effect of oxygen, see Shpolskii, E., and Iljina, A. | 

Acta Physicochim. U.R.S.S., 3, 269 (1935); Brit. Chem. Abs., A, 1214 (1936). 

7 a6 Tee M., and Minganti, T., Atti accad. Lincei, 14 (V), ii, 97 (1915); J. Chem. Soc., 108, Gam 
9 . ‘i 

6? Trifonov, N., Mit. wiss.-tech. Arb. Republ. (Russ.), 13, 72 (1924); Chem. Zenitr., 382 (1925). 

68 Ghosh, J. C., and Rangcharya, T. L. K., J. Indian Chem. Soc., 5, 569 (1928). 

6 Cartledge, G. H., and Djang, T. G., J. Am. Chem. Soc., 55, 3214 (1933). ' 

70 Cartledge, G. H., and Goldheim, S. L., J. Am. Chem. Soc., 55, 3583 (1933) have attempted a 
_ determination of the nature of the complexes formed in Eder’s solution. . 

5 ™ Dunnicliff, H. B., and Joshi, J. N., J. Indian Chem. Soc., 6, 121 (1929); Chem. Abs., 23, 

2887 (1929). | 

7 Roseveare, W. E., and Olson, A. R., J. Am. Chem. Soc., 51, 1716 (1929); 52, 2617 (1930). 

% Oberhauser, F., and Schormiiller, J., Annalen, 470, 111 (1929). 

% Weber, K., Z. physik. Chem., A169, 224 (1934). 
% Shpolskii, E. V., and Kolesnikova, N. I., J. Phys. Chem. (U.S.S.R.), 5, 1199 (1934) ; Chem. Abs., 

. 29, 6145 (1935); Brit. Chem. Abs., A, 809 (1936). : 

8For an analogous reaction between mercttric chloride and. malic acid in the presence of various 

7 Sensitizers, see Baur, E., Helv. Chim. Acta, 20, 974 (1937). 

™ Mukerji, B. K., and Dhar, N. R., Z. physik. Chem., 120, 75_ (1926); Z. Elektrochem., 31, 621 

(1925); Trans. Faraday Soc., 21, 489 (1926); Berthoud, A., and Bellenot, H., Helv. Chim. Acta, 7, 

304 (1924); J. Chim. Phys., 21, 308 (1924). | 
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absorption is complete as in blue light, the rate is inversely proportiona] to i d Abel and Schmidt §* have found evidence for the. occurrence of the intermediary 

square root of the iodine concentration. The results of Berthoud and Bellenot ound, probably C204’, the existence of which had been assumed in the earlier eh elation of the Mette uieasencieere subsequently confirmed by othe . Bais ms and for which kinetic evidence had been given by Abel, Schmidt and 

varied the intensity by more adequate methods than their sector device,"8 Bhagwat i: ¥ fer 85 Its long life is indicated by an initial reaction rate increase and by the 
believes this square root relation is not constant when the rate is varied over yiq. a rochemical after-effect which had been studied by the intermittent sector 
limits. Dhar, Bhattacharya and Mukerji ®° find the relation between the velocine BE chod by Berthoud. (See Chapter 15.)/ 
oe the light intensity to vary from one-third to approximately five-fourths when a it may also be noted that Bhattacharya and Dhar 8* have proposed that the 
the Bee employed are in the range 3340 to 8750A. q a jogous bromine-oxalate reaction may proceed by way of excited molecules 

ert oud an | Bellenot accounted for their results in either red or blue light by a they believe it can be markedly accelerated by wave-lengths in the re fis 
a mechanism which involved the assumption that light dissociates iodine Molecylec - 04A ; 
but not the triiodide ion predominantly present in the solutions, which container f 79 r and Other Acids. Th d f iti : 
an excess of potassium iodide. Their mechanism involved the chain reaction _ Malonic al ; SC hetice i ETE a eee €actions malonic acid, either in the presence or absence of uranyl sulfate, are acetic acid 

nd carbon dioxide.*” With 0.01 molar uranyl sulfate, the rate decreases with 

decreasing concentrations of malonic acid, being approximately proportional to the 
cube root of the concentration of the latter. In the absence of catalyst, the quantum 
yield varies between 0.68 and 0.81, being little affected by the wave-length. In 
the presence of catalyst it is lower, 0.27. The extent of ionization of the malonic 

| acid does not affect the results. There may be two independent reactions, one due 
to the light absorbed by the malonic acid and the other to that absorbed by the 
catalyst, but there is no evidence for the formation of a complex between malonic 
acid and uranyl salts. The mechanism of the catalyzed reaction may involve the 
deactivation of excited uranyl sulfate molecules by collision with other uranyl 
sulfate or with malonic acid molecules. The temperature coefficient of the sensi- 
tized reaction ie 1,13,;29 and that of the unsensitized reaction, 1.07.89 Malonic 
Bess (carbon suboxide, C,03) is not appreciably affected by ultraviolet 

—lignt. | 
Coster and van der Ziel °! have noted in the photochemical decomposition of 
-monoalkylmalonic acids the formation of a substance that is not a fatty acid. This 
‘conclusion was drawn from study of its x-ray spectrum. 

7 | A uranyl salt-photosensitized reaction between succinic acid and methylene blue 
at 3600A is, after an initial induction period, of zero order with respect to the 
methylene blue. The rate is proportional to the incident intensity and independent 
of the pH. One-half of the collisions between excited uranyl ions and succinic 
acid molecules are believed to be effective.9 ; | | 
Sattler and Nicolet * find treatment of diethyl cyclopropane-1,1-dicarboxylate 
eyith ae ee. to 50°C. under mercury arc irradiation through quartz gives 

both Br < Gy7? > C(COOC;Hs)2 and Br CHy:CH»-CBr:(COOC.H;)>, with 
u relatively larger amounts of the latter than when no irradiation is used. Stoermer 

1+ G0.” — I'+ CO? | a 

C207 =F I. ———e 2COz2 oe 1" + I 

and the chain-breaking reactions 

(4 Oe lee tH | 

L+ b>) lL 

From these reactions and the assumption of stationary states for the concentra. 
tions of iodine atoms and C,O,’, it was possible to attain agreement with the 
experimental results for the reaction rates under varied conditions. They found 
quantum yields of 0.11 (4860A) with respect to the total energy absorbed oy 
3.2 with respect to that absorbed by I. With blue light larger values, quant a 
yields up to 25 were obtained, verifying the chain nature of the reaction. 4 

The temperature coefficients determined by Allmand and Young and by the 
Indian workers were high, about 3.0; those of the thermal reaction were as high 

as 6.86. This indicated a high energy of activation for some partial process, a 

feature difficult to reconcile with the chains proposed by Berthoud and Bellenot. 
Other reactions of iodine solutions required the concept that the triiodide ion 

present is photochemically decomposed with the production of iodine atoms and- 

possibly the hypothetical ion I,’. It was found possible by Dickinson and Ravitz ** a 

to derive a mechanism from this concept of the primary process which also led to 

the experimental results of Berthoud and Bellenot. Such a mechanism was 

employed by Allmand and Young, who appended to their paper a discussion of the 

application of the mechanism to other photochemical oxidations by iodine. This 

mechanism has also been used by Griffith, McKeown and Winn ® in their treat- 

ment of the analogous reactions between bromine and potassium oxalate. They 

conceived the action of the free halogen to be only that of an internal light filter. 

In their experimental work they considered also the case in which there is but 

little of the iodide ion in excess. Berthoud,8? however, has reiterated that it 1am 

the iodine molecule which is dissociated. | : 

|  ™ Abel, E., and Schmidt, H., Naturwiss., 23, 501 (1935). 
3 ® Abel, E., Schmidt, H., and Retter, K., Z. physik ee = pt das _Retter, K., 2. physik. Chem., 163A, 53 (1932); see also for the after- 
Benn, aS ea x Cae aan acid, Abel, E., Jokisch, R. Larisch, L., and Sass- 

_.) Bhattacharya, A. K., and Dhar, N. R., J. Indi 1033 (1930); sae eas ar, N. R., J. Indian Chem. Soc., 6, 523 (1929); Chem. Abs., 24 
(1931); 209. ako A. K., Prakash, O., and Dhar, N. R., Z. anorg. allgem. Chem., 196, 26 

*" Pierce, W. C., Leviton, A., and Noyes, W. A., Jr., J. Am. Chem 
fee ietce, W. C., J. Am. Chem. Soc., 51, 2731 (1929). out " atid 
a Pierce, W. C., and Morey, G. H., J. Am. Chem. Soc., 54, 467 (1932). 
me eawards, M. J., and Williams, J. M.,'J. Chem. Soc., 856 (1927). 
. a D., and van der Ziel, A., Z. physik. Chem., B20, 385 (1933). 
4 fom, J. C., Banerjee, T., and Bhatta, B., Z. physik. Chem., B32, 163. (1936). 

Sattler, L., and Nicolet, B. H., J. Am. Chem. Soc., 49, 2066 (1927), 

78 Briers, F., Chapman, D. L., and Walters, E., J. Chem. Soc., 129, 562 (1926); Allmand, A. Jaa 

and Young, K. W., Trans. Faraday Soc., 27, 515 (1931). Es ‘ 

7 Bhagwat, W. V., J. Indian Chem. Soc., 10, 649 (1933); Brit. Chem. Abs., 1934A, 156; Chem. 

Abs., 28, 1928 (1934). 

80 Dhar, N. R., Bhattacharya, A. K., and Mukerji, B., Nature, 131, 840 (1933); J. Indian Chem. 

Soc., 12, 151 (1935);-Brit. Chem. Abs., 1935A, 832; Chem. Abs., 29, 5351 (1935). © ar a 

81 Dickinson, R. G., and Ravitz, S. F., J. Am. Chem. Soc., 52, 4770 (1930). , 

82 Griffith, R. O., McKeown, A., and Winn, A. G., Trans. Faraday Soc., 29, 369, 386 (1933). 

88 Berthoud, A., Helv. Chim. Acta, 16, 393 (1933). 
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and Ladewig 94 discovered that when alcoholic solutions of trans-cyclopentan. 
1,2-dicarboxylic acid are exposed to the Uviol lamp, conversion into mono. “a 
di-esters occurs. The expected transformation into the cis modifications gig ong 
take place. 

Tee 

il amount.10 Euler 1°4 had, however, previously shown that in pure aqueous 

a sme Beat 70°C., there were produced alcohol and a gas, the latter being 90 per 

ae on dioxide and 10 per cent a mixture of hydrogen and carbon monoxide. 

e did not appear to depend upon the concentration of the acid. An induction 

f about two hours was noted. The rate of evolution of gas was not accel- 
Oxalyl chloride is slowly decomposed when irradiated with wave-lengths sho 

presence of either ferrous or ferric salts, although the latter were 
than 3800A, the reaction being predominantly monomolecular with a low quan 
yield.95 The final products are phosgene and carbon monoxide, but it is. belj 

that the initial products are chlorine and carbon monoxide. Two mechanism 
proposed for the effects of different wave-lengths. With short ones, the mo 
breaks at the carbon-carbon bond, but with longer wave-lengths, a break 
of the carbon-chlorine bonds predominates. | 

rter 

tum 
€ved 
S are 

lecule 

at one 

Bredig, Mangold and Williams 1° state that inactive lactic acid is decomposed 

b light of wave lengths 2200 to 3000A, but is not rendered optically active. 

PY 307 found that no decomposition occurs in glass flasks.1°° Burns 1° found 

jengths less than 2500A effective in decomposing lactic acid in aqueous solu- 

‘tion, the chief products being alcohol and carbon dioxide. The amounts of alcohol 

-.. 19 per cent in excess of those required by the assumption that the products are 

al amounts of alcohol and carbon dioxide. The quantum yield, based on the 

carbon dioxide, was approximately 0.65, although the intensity measurements were 

admittedly inaccurate. Based upon the alcohol formed, it was 0.77. Carbon 

monoxide, 3.82 per cent of the total gas, saturated hydrocarbons, 5.36 per cent and 

unsaturated hydrocarbons 0.89 per cent, formed about 9 per cent of the gaseous 

products, but neither aldehyde nor hydrogen peroxide could be detected. Lieben, 

Lowe, and Bauminger 11° have stated that lactic acid in alkaline solutions yields — 

acetaldehyde and acetic acid, possibly formed through pyruvic acid, which in alkaline 

solution they found to be more readily attacked than lactic acid. The reaction could 

be sensitized to diffused daylight by sodium anthraquinonesulfonate. Miller 111 

found that in the presence of uranyl sulfate, lactic acid and sodium lactate could 

be photochemically converted into acetaldehyde with a quantum yield of approxi- 

' mately unity (4025A). aie , 

 Ganassini 112 and Ciamician and Silber 1% found that lactic acid on prolonged 

exposure to sunlight in the presence of air yielded qualitative tests for acetic acid, 

_ pyruvic acid, acetaldehyde and carbon dioxide. Burns, in extending his work to 

oxygen-containing solutions, noted the chief products to be carbon dioxide, acetalde- 

hyde, a peroxide and acetic acid, thus confirming the results of Baudisch and of 

_ Neuberg if it were assumed that they had worked without excluding oxygen. 

- Neither ethanol nor pyruvic acid could be detected. 

Studies of the rate of the oxidation of mandelic acid by methylene blue in the 

_ presenice of uranyl nitrate|as photosensitizer have been made by Ghosh, Narayan- 

murti and Roy 1% at 4360, 3660, 3130 and 2540A. In each case, there were short 

_ induction periods, those at 3660A, and particularly 4360A, being longer. The results 

HyproxyLic ACIDS | 

Volmar 9° found that hydroxy-acids and their salts undergo photolysis unde 
the influence of ultraviolet rays, and to a lesser extent in sunlight. Tartaric acid 
in 1-per cent solution after three hours gave 3.5 cc. of gas composed of carbon 
dioxide 66 per cent, carbon monoxide 10 per cent, hydrogen 21 per cent, and hydro_ 

carbons. 3 per cent. The solution contained aldehydes and small quantities of 
reducing substance of the nature of a sugar. In the presence of alkalies, the carbon 
monoxide was lessened or absent, owing to condensation with a portion of the 
hydrogen with production of the aldehydic substances. The homologs of tartaric 
acid behaved similarly. The decomposition may be accelerated by the presence of 
catalysts such as uranyl acetate or iron salts.°7 a 

Winther 9§ finds the oxidation of citric, tartaric, lactic and oxalic acids to ba 
insensitive to light. . 

In the presence of tartaric, lactic or mandelic acids as oxygen acceptors, the 

photochemical reduction of ferric chloride is of zero order.°? With both mandelice 
acid and lactic acid, the life period of the excited ferric ion is of the order of 
10-9 second. With tartaric acid, the reaction is complicated by the circumstance — 
that the immediate product of the photodxidation of the acid also reacts with ferric 
salts under the influence of light. In the case of mandelic acid, the quantum yield 
is unity at 4880A, but becomes nearly 1.4 at 3900A; with tartaric acid and lactic 
acid, it is nearly 0.5 at 4880A and 0.8 at 3900A. Oxygen has been found_a negative ~ 
catalyst in the photochemical oxidation of lactic acid by bromine water by Dunni-— 

cliff and Joshi.100":™ bat | ae | -® 
Lactic Acid. The decomposition of solid calcium lactate by ultraviolet 

light was found to give carbon monoxide, methane, ethane and hydrogen.?t 

Baudisch 192 stated that lactic acid, repeatedly purified from its zinc salt, gave 

decisive reactions for acetaldehyde after about forty hours of irradiation followed 

by distillation. He could not detect methane, although Schanz had previously found 

108 Schanz, F., Arch. ges. Physiol., 170, 650 (1918). 

10 Euler, H., Arkiv. Kem. Min. Geol., No. 8, 1911; J. Chem. Soc., 102, ii, -112 (1912), Euler, 3h, 
and Ryd, S.. Biochem. Z., 51, 97 (1913); Euler, H., and Lindberg, E., Jbid., 39, 410 (1912). 

105 See also Schanz, F., Arch. ges. Physiol., 170, 650 (1918). 

1066 Bredig, G., Mangold, P., and Williams, T. G., Z..angew. Chem., 36, 456 (1923); Chem. Abs., 17, 
3868 (1923). 

107 Bolin, I., Z. physik. Chem., 87, 490 (1914). 
108 For absorption data, see Dietzel, R., and Krug, R., Arch. Pharm., 264, 117 (1926). 

109 Burns, G. R., J. Am. Chem. Soc., 51, 3165 (1929). 
0 Lieben, F., Lowe, L., and Bauminger, B., Biochem. Z., 271, 209 (1934). 

M1 Miiller, R. H., Biochem. Z., 178, 77. (1926). i 

% Stoermer, R., and Ladewig, H., Ber., 47, 1803 (1914). 

9 Krauskopf, K. B., and Rollefson, G. K., J. Am. Chem. Soc., 58, 443 (1936). q 

96 Volmar, Compt. rend., 176, 742 (1923); J. Chem. Soc., 124, (II), 279 (1923); J.S.C.1., 42am 

423 (1923). . 4 

9 Neuberg, C., Biochem. Z., 39, 158 (1912). — 

88 Winther, C., Z. physik. Chem., A174, 41 (1935). a 

Pier J. C., and Purkayastha, R. M., J. Indian Chem. Soc., 6, 827 (1929); Chem. Abs., 24, f 

20 : i atl 4 

100 ean H. B., and Joshi, J. N., J. Indian Chem. Soc., 6, 121 (1929); Chem. Abs., 23; 2887 

1929). 
; 

101 Berthelot, D., and Gaudechon, H., Compt. rend., 151, 478 (1910). 

102 Baudisch, O., Biochem. Z., 103, 59 (1920); Chem. Abs., 14, 2776 (1920). 

42 Ganassini, D., Chem. Zentr., I, 387 (1913); I, 729 (1910); Chem. Abs., 5, 3236 (1911) from 
Seduta soc. med. chir., Pavia, 1909. 

i us Ciamician, G., and Silber, P., Ber., 46, 1558 (1913). 

M4 Burns, G. R., J. Am. Chem. Soc., 52, 5272 (1930). 

- 45 Ghosh, J. C., Narayanmurti, D. S., and Roy, N. K., Z. physik. Chem., B29, 236 (1935). 



450 THE CHEMICAL ACTION OF ULTRAVIOLET RAYS j ACIDS AND OTHER ALIPHATIC COMPOUNDS 451 

are complex. The photochemical oxidation of mandelic acid by bromine is o¢ Seale 
order in the absence of potassium bromide and.of zero order in its Presence “a 

Ghosh and Bhattacharya 117 find that for monochromatic light, the rate 
stant is proportional to the square root of the absorbed energy. It was believed 

that the combined action of rays of two wave-lengths was less than that of th 
sum of their effects taken separately. For 4360A the quantum yield is 125 b a 
it varies greatly with the light intensity and wave-length. 7 | 

Ghosh and Ray 18 find the uranyl-sensitized oxidation of mandelic acig bw 
bromine a chain reaction with high quantum yield. , 4 

Tartaric Acid. The formation of reducing substances and carbon dioxide 
when tartaric acid is exposed to ultraviolet rays was described by Euler and Ryd,l19° 

Ferric salts increase the rate of gas evolution, being themselves reduced.120 Tp tp, 
presence of uranium salts, the ew-hydroxy acids decompose slowly in sunlight into 
formic acid and the respective aldehydes and ketones.1*1 Tartaric acid yields glyoxay 
and citric acid yields acetone. This photochemical reaction could be employed fo, 
the detection of tartaric acid in a solution of citric acid. It appeared specific in that — 

it was not given by any of the other aliphatic hydroxy-acids examined by Pavolino 
After the addition of a uranium salt, the solution to be examined is exposed for ata 
least thirty minutes to sunlight or to a light source of similar intensity. A few 
drops of phenylhydrazine or a corresponding quantity of a 5 per cent solution of its | 
acetate are added. If tartaric acid was originally present, a yellow precipitate of 

phenylglyoxal osazone formed. Its color soon changed to wine red, probably — 
because of the oxidative effect of the uranium salt. a 

Volmar 12? finds that solutions of potassium antimonyl tartrate and the corre 
sponding compounds of arsenic, bismuth, copper and iron undergo decomposition 

on exposure to ultraviolet radiation with liberation of the metal, the maximum 

effect being produced in the case of the bismuth compound. Potassium boro- 

tartrate is an exception; Volmer considers this due to the fact that it appears to be 
a mixture rather than a definite compound. | 7 

Light accelerates the direct air oxidation of sodium tartrate catalyzed by sodium — 
sulfite, cerium hydroxide, sodium hydroxide, sodium carbonate or bicarbonate and 
ferrous hydroxide.123 4 

The oxidation of citric acid by chromic acid has temperature coefficients of - 
3.8 in darkness and 1.05 in light. The velocity varies as the square root of the 
light intensity, although in the case of tartaric and lactic acids, the rate is directly 

proportional to the light intensity.174 
In the case of citric acid, the process involves chains, the length of which 

increases with temperature and concentration. | 

a. KETO-ACIDS 

Comparatively few photochemical studies have been made of the ketonic acids, 

though occasional use has been made of ultraviolet absorption studies in the 

) tion of problems relating to their constitution.t’° 

a The yield of acetoin formed by ultraviolet light from aqueous solutions of . 

ruvic acid decreases from 100 per cent at 0.2 to 3 molar to 12 per cent at 114 

Beolar2° In the presence of benzaldehyde, Discherl detected the formation of 

tylphenylcarbinol. Benzaldehyde, benzene, salts and dehydrating agents hinder 

Be ioin formation. The irradiation of 0.5 to 2 molar solutions of q-ketovaleric 

| id gave a 39 to 40 per cent yield of butyroin. , 

The photodxidation of pyruvic acid is sensitized by eosin and isochlorophylline, 
. slightly by rhodamine B and is inhibited by hydrogen cyanide. In alkaline solu- 

tions, oxalic acid is formed.!?*? Lipmann io finds light to increase the reduction 

of methylene blue or of ferric ion by pyruvic acid. In the latter case, the pyruvic 

acid appeared to be oxidized to acetic acid and carbon dioxide. 

When sensitized by eosin, chlorophyll, ferric or uranyl salts, the photochemical 

oxidation of glycolic acid yields formaldehyde and carbon dioxide, but glyoxylic 

acid gives only carbonic acid.1°9 Ferric gluconate is reduced in sunlight, to a 

ferrous salt.13° 

Con~ 

py 

HALOGENATED ACIDS 

Ultraviolet light splits aqueous solutions of halogenated fatty acids and their 

salts in various ways, among the products being formaldehyde, carbon dioxide, 

. hydrogen, and chlorine.131 Euler 182 found that the haloacetic acids split off their 

halogen in aqueous solutions at 18°C. in ultraviolet light at a rate comparable to 

that in darkness at 100°C. The rate decreased at higher concentrations of the 

acids. 

In benzene solution, monochloracetic acid also lost some chlorine. Other prod- 

ucts identified included a small amount of polyglycolide, fumaric acid and another 

 wnsaturated acid. Bromoacetic acid suffered decomposition more readily. Little 

is known of the mechanism by which the unsaturated acids were produced. In 

ether, qualitatively similar results were also reported with both monochlor- and 

- monobrom-acetic acids. The reaction becomes evident when wave-lengths between 

3130 and 2660A are employed. A quantum yield of unity at 2536A was reported 

by Rudberg 183 for monochloracetic acid. For monobromacetic acid, he found it 

only 0.34, but that this increased as the solution was made alkaline. More recently, 

Farkas 134 has reported for monochloracetic acid a quantum yield of 0.9, inde- 

7 F 122 Pyruvic acid, Henri V., and Fromageot, C., Bull. soc. chim., 37, 845 (1925); Pascal, P., Jbid., 
i ; . . 39, 396 (1926); Benzylmethylglyoxal, Lowry, T. M., Moureau, H., and MacConkey, C. A., J. Chem. 

ral nae J. C., and Purkayastha, R. M., Z. physik. Chem., TB, 285 (1930); J. Indian Chem. Soc., 6, Soc. 3167 (1928); Levulinic acid, Gex. M., Arch. phys. biol., 10, 250 (1933); a-ketonic acids, Fro- 
; mageot, C. ‘Pelletier, M., and Ehrenstein, P., Bull. soc. chim., 51, 1282 (1932); B-ketogluconic acid, 

117 Ghosh, J. C., and Bhattacharya, S. K., Z. physik. Chem., 31B, 420 (1936). Niederhoff, P., Z. physiol. Chem., 181, 83 (1929). 

118 Ghosh, J. C., and Ray, B. B., Z. physik. Chem., 32B, 158 (1936). 128 Discherl, W., Z. physiol. Chem., 219, 177 (1933); Brit. Chem. Abs., 1933A, 1037. 

119 Ruler, H., and Ryd, S., Biochem. Z., 51, 97 (1913). j Meyer, K., Cold Spring Harbor Symposia Quant. Biol., 3, 341 (1935); Chem. Abs., 30, 7457 
120 For data on the absorption spectra of tartaric acid solutions, see Bruhat, G., and Legris, R,, (1936). 

Compt. rend., 189, 745 (1929); Ann. Phys., 13, 6 (1930); Descamps, R., Compt. rend., 185, 116 (1927); 28 Lipmann, F., Skand. Arch. Physiol., 76, 186 (1937); Chem. Abs., 31, 4904 (1937). 

Lucas, R., and Schwob, M., Compt. rend., 192, 225 (1931); Bruhat, G., Compt. rend., 192, 489 (1931). | 2° Baur, E., Helv. Chim. Acta, 19, 234 (1936). 

121 Payolino, T., Giorn. farm. chim., 79, 310 (1930); Chem. Abs., 2, 254 (1931). 4 ME Weiver, R., and Neuschul, P., Z. physik, Chom’, A177; 355 (1936). 

122 Volmar, Compt. rend., 176, 1465 (1923); J. Chem. Soc., 124 (ii), 453 (1923). , _ Miscccr, F. M,, and Berger,.G., Rec. trav. chim., 41, 71 (1922). 

123 Palit, C. C., and Dhar, N. R., J. Indian Chem. Soc., 11, 471 (1934); Chem. Abs., 28, 6780 (1934). , 132 Ruler 7 H., Ber., 49, 1366 (1916). 
124 Bhattacharya, A. K., and Dhar, N. R., Z. anorg. allgem. Chem., 169, 381 (1928); Chem. ADS., ' : 

22, 2111 (1928); Z. anorg..allgem, Chem., 196, 26 (1931); Chem. Abs., 25, 2052 (1931). . a eee ee Nat ee 
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pendent of the pH of the solution for wave-lengths less than 2300A. Dain aaa Puzenkin **° employ the reaction for absolute actinometric measurements. “a 
The photochemical reactions between the halo-acetic acids and alco : 

studied by Cassel,!8° who observed decomposition into the unsubstituted a 
aldehyde and the halogen acid. Wave-lengths shorter than 2500A were 

' The halogen could be more readily liberated by light from 1-bromosuce 
than from 1-chlorosuccinic acid. | 

A uranyl-sensitized photodxidation of monochloracetic acid by potassiy 

cid, acetic 

required, 

M per- 
manganate has been found of zero order with respect to the oxidant by Ghosh 
and Ray,187 who employed the wave-lengths 3660 and 4360A. Its rate Varies 
as the intensity of the incident radiation and is influenced by the sensitizer 
centration. 

Trichloracetic acid decomposes into carbon dioxide and chloroform, the tem- 
perature coefficient being 3.6 in light and 4.28 in darkness, according to Banerjj 
and Dhar.138 The quantum yields are abnormally high and increase with the™ 
temperature and the frequency of the incident radiation.129 Solutions in water show — 
some absorption of visible light which is without much photochemical effect 
although water acts as photosensitizer. Absorption begins to increase at 3200A. 

J 

is complete at 3000A, and decreases at shorter wave-lengths. 

UNSATURATED ACIDS 

The stereoisomeric transformations of unsaturated dicarboxylic acids, direct | 
and sensitized, have been much studied. Kailan 149 found that solid fumaric aciq_ 
was not converted into maleic acid by ultraviolet light, and that maleic acid could — 
be converted into fumaric only to the very slightest extent. But in aqueous soly-_ 
tions (about 0.084 normal), an equilibrium between the two acids could be reached _ 
from either side. The equilibrium was displaced somewhat toward the side of 
maleic acid with increasing concentrations. At 45° to 50°C., with 0.1N solution — 
the equilibrium mixture contained 75 per cent of maleic acid and in 0.4N solution 
79 per cent. The velocity of transformation was much greater in quartz than in — 
glass vessels, but the equilibrium composition was the same. 

Earlier observations were recorded by Stoermer with Frederici, Brautigam and — 
Neckel,441 who found that although fumaric acid when irradiated yielded about — 
70 per cent of maleic acid, sodium fumarate could not be converted into sodium 
maleate in this manner. The transformation of fumaric acid into maleic acid — 
could also be effected in benzene solution.142 Stoermer, who has made extensive — 

investigations of the stereoisomeric transformations of ethenoid linkages in a wide © 
variety of compounds, showed that at photochemical equilibrium, the less stable — 
form was present in the larger amount, proving that light does not act merely as a — 
catalyst in hastening a thermal equilibrium. 

135 Dain, B. Y., and Puzenkin, E. S., Ber. wkrain. wiss. Forsch-Inst. physik. Chem., 4, 75 (1934); 
Chem. Abs., 29, 2451 (1935). 

186 Cassel, H. W., Z. physik. Chem., 92, 113 (1916). 

187 Ghosh, J. C., and Ray, B. B., J. Indian Chem. Soc., 13, 1 (1936); Chem. Abs., 30, 4093 (1936). 

188 Banerji, S. N., and Dhar, N. R., Z. anorg. allgem. Chem., 134, 172 (1924); Chem. Abs., 18, 
2634 (1924). 

189 Bhattacharya, A. K., and Dhar, N. R., Z. anorg. allgem. Chem., 209, 123 (1932); Chem. Abs., 
27, 907 (1933). 

140 Kailan, A., Z. physik. Chem., 87, 333 (1914); J. Chem. Soc., 106 (ii), 449 (1914); Monatsh, 41, 
305 (1920); Chem. Abs., 15, 1100 (1921). 

141 Stoermer, R., with Frederici, Brautigam, and Neckel, Ber., 44, 637 (1911). 

142 Stoermer, R., Ber., 42, 4865 (1909); J. Chem. Soc., 98 (ii), 114 (1910). 
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148 measured the quantum yields for the transformation of each 
‘bur 

a yaaa at the wave-lengths 2070, 2530 and 2820A. The yields were but 

stereo fected by the change in wave-length, being slightly greater at 2530A than 

£ the other two. For the conversion of maleic into fumaric acid, the 

ed from 0.032-to_0.049, being slightly greater at lower (0.00514) than 

(0.0102) concentrations. For the reverse transformation of fumaric into 

d, the yields were about twice as great, varying from 0.08 to 0.133. In 

he higher values were obtained in the more concentrated solutions. The 

yantum yields were assumed to be due to the fact that after the initial excita- 

al a the molecule, it tends on collision to return to the original form more 

ly than it does to yield the isomer. At 3130A, Vaidya 144 found the 

lds for maleic acid to be at 0.01 molar, 0.048, at 0.005 molar, 0.052 

maleic acl 

yantum yie 

and for fumaric acid, 0.117 and 0.083, respectively. 

Absorption data for maleic and fumaric acids, their J-menthyl and dimethyl 

sters and maleic anhydride in various solvents were given by Wassermann and 

Smakula 145 over the range 3000 to 1900A. ‘Their data were thought not to elimi- 

nate the Anschittz cyclic formula for maleic acid. 

It has been suggested that maleic and fumaric acids may have a common 

excited electronic state.1#° Olson 147 has given a theoretical treatment of the con- 

yersion. The potential energy wells corresponding to the separate acids are 

separated by a potential barrier, so that the transformation cannot occur thermally 

at ordinary temperatures. Olson plotted curves of the potential energy against 

the angle through which one half of the molecule is twisted relative to the other 

about the double bond as axis. Such curves for the excited state make evident the 

manner in which the stabilizing effect of the double bond disappears on excitation of 

one of the electrons of the bond. From these curves Olson determined by the methods 

of wave mechanics, the probabilities that on the return of the molecule from oe 

excited state, the cis or the trans form would result. | With Hudson, Olson 

further developed methods for predicting from the extinction coefficients of the 

acids at various concentrations and wave-lengths, the compositions of the photo- 

stationary states when the acids, in several concentrations, are irradiated with 
1 

various monochromatic wave-lengths. From thermal data, calculations of the 

heats of isomerization were also made. 

Comparison of the absorption spectra of the cis and trans forms of a number 

of related stereoisomeric compounds usually show that of the more stable trans 

form to lie closer to the visible. Contrary to this general rule, in the three pairs 

of compounds, diethyl ga’-diphenylfumarate and maleate, dimethyl aa’ -di-m-tolyl- 

fumarate and maleate, and dimethyl a@’-di-p-tolylfumarate and maleate, the absorp- 

tion curve of the cis form is the closer to the visible, and is, therefore, the more 

‘stable form at. low temperatures. Ramart-Lucas and Hoch 149 prepared these 

three fumarates by the irreversible action of ultraviolet on the corresponding 

maleates; this reaction gave, in addition, carbalkoxyarylindones, also formed by 
the action of ultraviolet light on the dialkyl a’-diarylfumarates. Irradiation of the 

“8 Warburg, E., Sitzb. Preuss. Akad. Math.-Phys., 960 (1919); Chem. Abs., 14, 1931 (1920). 

M4 Vaidya, B. K., Proc. Roy. Soc., A129, 299 (1930). 
145 Wassermann, A., and Smakula, A., Z. physik. Chem., A155, 366 (1931). 

- 148 Bonhoeffer, K. F., and Harteck, P., “Grundlagen der Photochemie,” Dresden, Steinkopff, 270, 1933. 

147 Olson, A. R., Trans. Faraday Soc., 27, 69 (1931). 

48 Olson, A. R., and Hudson, F. L., J. Am. Chem. Soc., 55, 1413 (1933). 

149 Ramart-Lucas, Mme., and Hoch, J., Compt. rend., 189, 696 (1929). 
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sodium salts of the a«’-diarylmaleic acids with ultraviolet 1i 
salts of the arylindonecarboxylic acid.15° 7 

The possibility of the photodissociation of the unsaturated aci 
dioxide and acids of the acrylic series has been discussed. Volma 
unsaturated dibasic acids undergo photolysis more rapidly than 

n the event of a collision of the radical with a bromine molecule, it is ght gave the sq: eel ‘ae 
Sodium hat dibromosuccinic ester may be formed with liberation of a bromine elas- ; 

ossible ‘ 
a i¢ 
~~ 

ds into c b 

r 151 foul tn ase of the methyl ester (and also of the free acids), the quantum yields "Tm the es ' : ee 
. formation and addition reactions are independent of the variation of the their Saty : ie Tate, 4 ans Rae ce : ; : analogs. That of the cis compounds was five to six times as rapid as thal 7 of the ve acentration and of the radiation intensity at high concentrations. At low 

the trans forms, the latter behaving like monobasic acids. In the cis acids id aster Beations, however, the yield for the isomerization decreases with decreasing 
carboxyl groups were thought to exert a mutually enhancing effect. a concel} Itaconig 

ht, both 

Set up, 

Peed to 

from stereo. 

t oncentration and with increasing intensity. Both this and the yield of the 
este! a reaction are markedly dependent upon the temperature, as in the case, 

ee ethyl ester.56 The yield for the addition reaction depended upon the 

of | . concentration. The effect of change of wave-length (4360A, 5470A) is 

aE collows : ethyl ester, ratio of yields at 4360 to 5470A, 1.9, methyl ester, 2.3. For 
of addition reaction, the corresponding values were 2.3 and 1.9. For free maleic 
a the ratio of the yields for the isomerization were 5: 4:1, for ultraviolet, blue 

and green light. , ss : 
In the system: maleic acid, sulfuric acid and bromine, at high concentrations 

a maleic acid, the transformation quantum yield is 430 at 21°C.8% At lower con- 
centrations of maleic acid, it is less, and becomes dependent on both the light 

‘ntensity and the concentration-of the maleic acid. The light reaction may, under 

these conditions, be initiated by the reduction of bromic acid, hypobromous acid 

and bromine. Reduction of bromine by ferrous sulfate gives a yield of 10,000 

molecules of fumaric acid per atom of bromine formed. The yield is practically 

jndependent of the concentration of the reactants as-long as the ferrous ion con- 

centration is less than 10-°, but at higher concentrations it_becomes dependent on 

the ferrous ion concentration. These studies were undertaken to-provide additional 

evidence that bromine atoms are responsible for the photosensitized conversion.15® 

The quantum yield of the addition of bromine to dimethyl fumarate is of the 

order of magnitude found by Wachholtz for the bromination of diethyl maleate or 

fumarate. It is not essentially different when aqueous solutions are used. 

~ Mercuric bromide and mercurous nitrate and perchlorate are said also to sensi- 
tize the photochemical change of maleic to fumaric esters. 

Stoermer and Robert 159 found the rearrangement of the amide of crotonic 
acid into that of isocrotonic acid to be easily effected by a Uviol lamp. By 
‘the aid of a Heraeus quartz lamp, they effected to some extent the conversion 
of the corresponding acid. Under the influence of ultraviolet light, it was also 
easily possible to secure the addition of the elements of water, methyl or ethyl 
alcohol to the double bond. Aniline and ammonia also add with the greatest 
ease at the double bond of «,8-unsaturated acids; crotonic acid and aniline give, 
together with a little of the anilides of crotonic and isocrotonic acids, chiefly 

-CHsCH(NHC,H;)CH,COOH and some of its anilide, while ammonia yields 
_ chiefly CH,CH(NH.)CH,COOH and iminodibutyric acid, with only very little 

Of the amide of crotonic acid. | 

_ The separation of the two anilides is extraordinarily difficult and even on 

150 See also Biquard, D., Ann. Chim., 20, 97 (1933), for the change of methyl diphenylmaleate to the — irradiating the pure stable anilide the amount of isoanilide obtained was not 
funfarate on irradiation of its alcoholic solution, catalyzed by a trace of bromine. ‘sufficient to permit of complete separation by careful fractional crystallization. 
11 'Volmar, Compt. rend., 181, 467 (1925). . 
152 Berezovskaya, F. I., Kogon, M., and Moskalenskaya, E., Compt. rend. acad. sci. U.R.S.S., 450 

(1934); Chem. Abs., 29, 2089 (1935). ~ 
153 Eggert, J., Physik. Z., 24, 504 (1923); Chem. Abs., 18, 3548 (1924). 

154 Eggert, J., Wachholtz, F., and Schmidt, R., Physik. Z., 26, 865 (1925). 

155 Wachholtz, F., Z. physik. Chem., 125, 1 (1927). 

acid behaved like succinic acid. On prolonged exposure to ultraviolet lig 
the cis and trans forms behave alike after an equilibrium state has been 
Olson and Hudson found that such photolyses occur with insufficient S 
interfere with their determinations of the stationary states resulting 
isomeric transformations. 

Berezovskaya, Kogon and Moskalenskaya 15? found that light alone induced _ only the stereoisomeric changes in maleic and fumaric acids, but that the combined _ 
action of ultraviolet light and platinum led to decomposition. The barium Salt of 
fumaric acid reacted similarly to the free acid, but the barium salt of maleic acid underwent no decomposition under these conditions. 7 

The sensitization of the maleic-fumaric conversion to visible light by bromine 
described by Wislicenus in 1895, has been extensively studied by Eggert ang 
co-workers.453 The ethyl esters were studied in carbon tetrachloride solution 
The rate was proportional to the number of quanta absorbed, independent of thal 
bromine concentration within the limits of 1:9, and independent of the carbon 
tetrachloride concentration within the limits 1:5. At 21°C., with the bromine 
concentration 0.1N, at the wave-length 4360A the quantum yield for the trans. 
formation was high, 295. At the same time, some of the bromine was photo- 
chemically added to the ester, the quantum yield for this reaction being 8.2154 
These yields were independent of the intensity of the light and the concentra- 
tion of the ester from pure ester to 70 moles of solvent per mole of ester. They 
were also independent of the bromine concentration from 0.03 to 0.3N. The 
intermediary formation of diethyl dibromosuccinate was postulated but no attempt — 
was made to isolate it. Subsequent determinations by Wachholtz 155 at this wave. _ 
length showed, at various bromine concentrations, a range of from 108 to a maxi- 
mum of 755 for the quantum ‘yield for the transformation to fumarate. At 5570A _ 
the range was 77 to 307. The temperature and the wave-length employed were — 
the chief determining factors. At the shorter wave-length (4360A) the yield 
increased approximately from 100 at 0° to 700 at 23°C.; at 5570A from 100 at 16° 
to 300 at 23°C. Similarly, the yields for the addition reaction depended only upon — 
the temperature, wave-length and bromine concentration, values within the range j 
of 3 to 42 being obtained. Bromine atoms, produced by photodissociation, form a 
complex short-lived intermediary product. This is considered a radical, since 
only one bromine atom is present. Ina subsequent collision, the bromine atom is — 
again liberated and fumarate formed. The liberation of the bromine permits it to 
act upon another maleate molecule and so accounts for the very high quantum — 

ME Revert, J., Wachholtz, F., and Schmidt, R., Z. Elektrochem., 33, $42. (1927). 
q achholtz, F., Z. Elektrochem., 33, 542, 545 (1927). 

, 8 See also Oesterr. Chem. Ztg., 30, 110 (1927); Z. physik. Chem., 135, 147 (1928); Schmidt,.R., 2. physik. Chem., B1, 205 (1928). 
_ + Stoermer, R., and Robert, E., Ber., 55B, 1030 (1922); Chem. Abs., 8, 2880 (1914); 16, 3631 (1922). 
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With the Heraeus lamp the maximum rearrangement (40 per cent) of th SETeE Set © ania. ’ rograph. Their diffuse nature indicated the primary process to be one of 
of crotonic acid in acetone is attained in about two days. For the rearrangeman, per sociation, the available evidence indicating the products to be two CN mole- 

ot crotonic acid, toluene proved the best solvent. a a one of which is excited.168 The quantum efficiency for the polymerization i 

cule drogen discharge source was found to be three. These authors were unable 

by vonfitm the observations of Berthelot and Gaudechon with the mercury arc, 

4 ce cyanogen does not absorb any mercury lines. 

© Norrish and Smith °° have described two reactions occurring when a mixture 
<¢ nitric oxide and cyanogen is illuminated by radiations between 3600 and 2200A. 

Acrylic acid similarly treated with aniline gives CeHsNHCH,CH,CONHe a 
and the deliquescent hydrochloride, melting about 64°C., of CsH;NHCH, Gp 
COOC2H,;, a light yellow oil. From crotonic acid and paratoluidine was oh - a. 
ethyl @-p-toluidineobutyrate. 

The conversion of the g-methylated mesaconic acid into citraconic acid js ve 4 
difficult. In solution in water or methyl alcohol, the solvent appears to combine wit 
the acid. Quantum yields of 0.18 at 0.01 molar and 0.22 at 0.005 molar well 
reported by Vaidya 16! for 3130A for the isomerization of citraconic acid. 4 

The acrylic acid esters prepared from glycerine, lactic acid, etc. when Expose, 

to sunlight or ultraviolet light polymerize to varnish-like elastic masses. Tha 
are soluble in solvents for oils and are said to dry rapidly and not to be readih 
affected by exposure or by chemical agents.1° q 

_Malachowski and Maslowski 16 have prepared the g-, B-, and y-trans-mono, 
methyl esters of aconitic acid by irradiating the cis compounds in the preseng 
of bromine by direct sunlight or a mercury arc. . 

tain, af 

4NO Se Ne oa ZN Oz. 

4NO + (CN)2 ——> 3Ne + 2COr. 

tn the first of these, which occurs six times as extensively as the second, the 

q anogen plays the part of a catalyst. Neither reaction occurs in the absence of a 

«mall. amount of oxygen, which accumulates as the reaction proceeds, the effect 
heing autocatalytic. The previously unknown molecule, NOCN, was suggested as 

an intermediary product. 5 
~ A carbon tetrachloride solution of thiocyanogen (SCN)», according to Kauf- 
mann and Liepe,1”° polymerizes readily in the sunlight. In ethereal solutions, 

substances having powerful odors are formed. Soderback 171 finds the addition 
of thiocyanogen to ethylenic hydrocarbons, which is very slow at ordinary tempera- 
tures, to go smoothly when the reactants are exposed in dry benzene solution to 
the action of actinic rays, yielding dithiocyanoethanes of the type CNS.CHR. 
CHR.CNS. Only two thiocyanogen radicals will combine with acetylenic hydro- 
carbons, giving compounds of the type CR’(CNS)=CR”’CNS. Aromatic acetylene 
derivatives combine readily at the ordinary temperature in the dark, but aliphatic 
acetylenes require intense photocatalysis to cause addition. Interconversion of 
cis and trans forms under the influence of ultraviolet light occurs with the com- 
pounds obtained from acetylenes, a 0.02N solution of free thiocyanogen in benzene 
being an effective catalyst for the change. Acetylene itself yields a solid s-dithio- 
cyanoethylene, melting 97-98.5°, and a liquid form, melting 15-17°, which are inter- 
convertible under the influence of light. : 
Irradiation of fumaronitrile in acetone with ultraviolet light for 100 hours 
gives maleonitrile and an additive compound.1” 
_ Ganassini17? finds that sunlight produces a yellow color in allylisothiocyanate 

and that, after a month, it deposits a precipitate. In the presence of water, decom- 
position occurs to the extent of 5 per cent and, in its absence, to the extent of 

15 per cent, air being present in either case. He suggested the following possible 
reactions. 

Little, if any, work has been done on the photochemistry of the higher saturate; 
fatty acids, but the long-chained unsaturated fatty acids have been frequently 
studied. The results of this work are discussed in Chapter 30 in connection wit} 
the behavior of drying oils. 5 

COMPOUNDS CONTAINING NITROGEN 

Cyanogen Compounds. Hydrogen cyanide has no absorption spectrup 
between 2800A and: 2100A but possesses a series of bands between 2001 and 
1789A.164 A few observations on the decomposition of hydrogen cyanide jy 
cherry-laurel water have been reported by Andant and Rousseau.1®> They believed 
since they found about as much (slight) decomposition to be effected by the 

3650A line as by the total radiation of an arc to 3130A, that ultraviolet effects ar 
nullified by the longer wave-lengths. They state that 0.126 gm. of manganese 
chloride in cherry-laurel, water increases the action of ultraviolet rays so that th 
loss. of hydrocyanic acid reaches 10.1 per cent in the first thirty minutes of irradia 
tion and 30.0 per cent after two hours. They were inclined to attribute the activity 
to visible light. | a 

Cyanogen is transformed into paracyanogen by ultraviolet rays.16° On exposure 
to sunlight, cyanogen slowly polymerizes. In the presence of oxygen and ultra 

violet light, it is oxidized completely to carbon dioxide and nitrogen. Hogness ane 
Tsai,167 observed in cyanogen gas at one atmosphere a series of diffuse bands 
beginning at 2240A and extending to the limits of dispersion of the quartz of theit 

3CsHsNCS -- 3H20 5 BATE CsHsN He ae (C3Hs) 20 i ZN S + He2S + COz 

SHON S SFr ce Nose 6a Ch SHsS. 

160 Stoermer, R., Ber., 44, 637 (1911). 

161 Vaidya, B. K., Proc. Roy. Soc., A129, 299 (1930). 

162 Morrell, R. S., and de Waelle, A., “Rubber, Resins, Paints and Varnishes,” New\York, D. Vat 
Nostrand Company, Inc., 1921. \ 

163 Malachowski, R., and Maslowski, M., Ber., 61B, 2521 (1928). \ 
164 Villars, D. S., J. Am. Chem. Soc., 52, 61 (1930); Hilgendorf, H. J., Z. Physik, 95, 781 (1935) 
165 Andant, A., and Rousseau, E., Compt. rend., 184, 683, 1553 (1927); Compt. rend. soc. biol., ™ 

613 (1927); Chem. Abs., 21, 3161 (1927). 

; Prag D., and Gaudechon, H., Compt. rend., 150, 1169 (1910); J. Chem. Soc., 98, ii 
49 (1910). 

167 FHogness, T. R., and Tsai, L. S., J. Am. Chem. Soc., 54, 123 (1932). 

Sulfuric acid and ammonia are also formed by secondary reactions. 
| The polymerization of methylacrylonitrile in ultraviolet light has been described 

_ See also Mooney, R. B., and Reid, H. G., Nature, 128, 271 (1931). 
_ Norrish, R. G. W., and Smith, F. F. P., Trans. Faraday Soc., 24, 620 (1928). , 
Kaufmann, H. P., and Liepe, J.; Ber., 56B, 2514 (1923). . 

7 ™ Séderback, E., Annalen, 443, 142 (1925). 
_ .@jJennen, J., Bull. soc. chim. Belg., 46, 258 (1937); Brit. Chem. Abs., A II, 404 (1937); Chem. 

a “Abs., 32, 500° (1932): ! | 
7 ™ Ganassini, D., Arch. ist. biochim. ital., 3, 1 (1931); Chem. Abs., 26, 2657 (1932). 



nitrite and the alcohol to an aldehyde.18? 
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rradiated for 48 hours by a quartz mercury lamp (or for 1632 hours with 
from 80 mg. of radium) showed no change in density, refractive index, 

of change into ammonium cyanate, other than could be accounted for by 

by Mertens and Fonteyn.174 Considerable information has been obtained re 
the absorption spectra of the nitriles and amides of many acids.175 

Amines. Dissolved in hexane, ammonia has a band at about 19204 

Sardin 

» Whigh ae at 4 _ sate 
is displaced toward shorter wave-lengths in aqueous solution.17® Other amine : erimental error | rs 
exhibit similar solvent effects. | | ; MP omethane. This compound begins-to absorb at about 4000A, exhibits 

In the gaseous state, the amines exhibit a series of diffuse Predissociat 
absorption bands, increasing in intensity toward the shorter wave-lengths “— 
attributed to an electronic excitation in the amino- group.177 In methylamin “I 
predissociation bands begin at 2440A and in ethylamine at 2370A.178 

Berthelot and Gaudechon 17 found ethyl- and methylamine, guanidine ail 
hydroxylamine, when subjected to ultraviolet radiations, to be converted first ing 
ammonia and then into nitrites. Emeléus and Jolley state that methylamine i 
exposure to light from a mercury arc or an aluminum spark, produces eau 
amounts of ammonia and hydrogen and a liquid, with small quantities of methane 
and nitrogen. Ethylamine gives the same gaseous products and small quantities 
of ethane and ethylene. Benzene has also been found among the products 1% 
Decomposition quantum yields of about 0.75 are found. The primary reaction x 
believed to form CH;NH and H, rather than CH3 and NHp.18! The photo. 
Oxidation of methylamine yields principally ammonia; the quantum yield i 

again 0.75. { 
In the presence of zinc oxide, or titanium dioxide, the aliphatic amines ap, 

oxidized to nitrites in sunlight more readily than are the aromatic amino- deriyg. 
tives. The amines. are first hydrolyzed and then the ammonia is oxidized to 

maximum at 3390A, a minimum at 2700A and increasing absorption at shorter 

“4 ye-lengths. No evidence of definite bands appears.18§ : 
Y Ramsperger followed the photodecomposition by pressure measurements from ne th ; . 

t! ich he concluded the reaction to be mainly 

CHsNNCHs: rr Ne “t CoH. 

te found the temperature coefficient to be about zero and the quantum yield two, 
ie Jatter remaining practically constant over a two hundred-fold pressure range. 

mo explain this result, Ramsperger made the assumption that the ethane molecule 
pore enough energy, derived from the heat of reaction and from the excess energy 
of the 3660A line employed over the energy required for the photodecomposition, 

‘A effect the decomposition of a second molecule of azomethane on collision with it. 

This theory would, however, be difficult to reconcile with the independence of the 

‘quantum yield and the pressure. 
- Since Ramsperger had used the “treacherous method of filters” in his quantum 

yield determinations, Forbes, Heidt and Sickman 18° repeated them, using for the 
nergy determinations the uranyl oxalate actinometer. They made determinations 

at six wave-lengths of monochromatic light and at various pressures. At low 

pressures they found the quantum yield to approach unity as its upper limit, at 
Jeast for the initial decomposition. It decreases with increasing decomposition at 
oom temperature and also with increasing pressures. The latter points to a 
‘collisional deactivation.. It was necessary in the measurements to use a graphical 
method of correcting for errors due to the deposition of difficultly volatile decom- 

" position products upon the window. The quantum yields passed through a maxi- 
‘mum in the region 3660 to 3350A, corresponding to the maximum of absorption 
by the N—N bond. At shorter wave-lengths they decreased, but began to increase 

~ again when wave-lengths absorbed by the N—C bond were employed. In agree- 
ment with Ramsperger, the temperature coefficient was zero at temperatures below 
Bo0°C. 
_ That the decomposition is not a chain reaction between 20° and 226°C. was 

‘confirmed by Patat,19° who believed the primary reaction to yield nitrogen and 
two methyl groups. His evidence for this was the fact that dimethyl ether at 150 
to 600 mm. pressure could be decomposed in the presence of 10 to 30 mm. of 
itradiated azomethane. That the free methyl radicals did not form chains indicated 
the activation energy for the reaction between methyl and azomethane to be 
greater than 20 kcal. Burton, Davis and Taylor 19! believe quantum yield deter- 
minations based only on the pressure increase are too low. They find the amount 

of nitrogen produced in experiments at various temperatures always exceeds that 
of the hydrocarbons. The excess is a maximum at about 200°C. Methane 

increases and ethane decreases at the higher temperatures. The amount of higher 

Amides. Berthelot and Gaudechon 18° state that equal volumes of carbor 

monoxide and ammonia combine in a few hours to give formamide under the 
influence of rays of wave-length about 2000A to 3000A. Formamide also slowly 
decomposes when submitted to ultraviolet rays, the reaction being complicated py 
dehydration and formation of hydrogen cyanide. Light, less markedly than heat, 
produces polymerization.18* The titanium dioxide-sensitized decomposition jp 

sunlight proceeds more rapidly in the amides of monobasic than in those of dibasic 
acids,185 , a 

On exposure to ultraviolet rays 18° urea is said to be converted first into 
ammonia and then into a nitrite. Kailan,!®7 however, found that a normal solution 

1% Bruylants, P., and Castille, A., Bull. soc. chim. Belg., 34, 261 (1925); Castille, AJ, and Gueur- 
den, J., Ann. soc. scient. Bruxelles, 47B, 56 (1927); Castille, A., and Ruppol, E., Bull. sci, acad. roy. 
Belg., 16, 1129 (1930); Bull. soc. chim. Belg., 40, 243 (1931); 44, 351 (1935); Castille, A., Bull. sci. 
acad. roy. Belg., 16, 811 (1930); Ruppol, E., Bull. sci. acad. roy. Belg., 21, 236 (1935); Herzberg, G., 
and Scheibe, G., Trans. Faraday Soc., 25, 716 (1929). a 

176 Ley, H., and Arends, B., Z. physik. Chem., B17, 177 (1932); for the absorption of alkyl amines, 
see Ramart-Lucas, Mme., Compt. rend., 194, 726 (1932); Grunfeld, M., Jbid., 194, 1083 (1932). 

17 Herzberg, G., and Kélsch, R., Z. Elektrochem., 39, 572 (1933). Analyses of the methylamine bands 
oe Mae or by Henri, V., and Lasareff, W., Compt. rend., 200, 829 (1935); J. chim. phys., 32, 

18 Emeléus, H. J., and Jolley, L. J., J. Chem. Soc., 1612 (1935). | 
179 Berthelot, D., and Gaudechon, H., Compt. rend., 152, 522 (1911). 

180 Emeléus, H. J., and Taylor, H. S., J. Am. Chem. Soc., 53, 2370 (1931). 

181 Emeléus, H. J., and Jolley, L. J., loc. cit. : 3 

182 Rao, G. G., and Pandalai, K. M., J. Indian Chem. Soc., 11, 623 (1934); Brit. Chem. Abs., A . 

174 Mertens, E., and Fonteyn, M., Bull. soc. chim. Belg., 45, 438 (1936); Chem. Abs., ne (1936). 

1316 (1934). 
183 Berthelot, D., and Gaudechon, H., Compt. rend., 155, 207 (1912). 

184 Berthelot, D., and Gaudechon, H., Compt. rend., 150, 1164. (1910); 151, 478 (1910). 

an G. G., and Pandalai, K. M., J. Indian Chem. Soc., 11, 623 (1934); Chem. Abs., 29, 1326 

186 Berthelot, D., and Gaudechon, H., Compt. rend., 152, 522 (1911). 
187 Kailan, A., Z. physik. Chem., 95, 215 (1920); J. Chem. Soc., 118 (ii), 576 (1920). 

188 Ramsperger, H. C., 
Proc. Nat. Acad. Sci., 13, 849 (1927). 
>, Forbes, G. S., Heidt, L. J., and Sickman, D. V., J. Am. Chem. Soc., 57, 1935 (1935); see also _ tteidt, L. J., and Forbes, G. S., Ibid., 2331. 

100 Patat, F., Naturwiss., 23, 801 (1935); Nachr. ges. Wiss. Gottingen, Math.-physik. Klasse, Fach- 
Gruppe II, (N.F.], 2, 77 (1936); Chem. Abs., 31, 6112 (1937). 

#1 Burton, M., Davis, T. W., and Taylor, H. A., J. Am. Chem. Soc., 59, 1038, 1989 (1937). 

J. Am. Chem. Soc., 50, 123 (1928); for observations on azoisopropane, see ~ 



460 THE CHEMICAL ACTION OF ULTRAVIOLET RAys 

hydrocarbons increases with the degree of decomposition and with lowe 
temperature. No hydrogen and only a little unsaturated hydrocarbon are pr 
Burton, Davis and Taylor doubt that the temperature coefficient is z¢, 
226°C. They suggest the occurrence of a secondary association reaction 
methyl radicals and (CH3N)2. When nitric oxide is present during ph 
practically no alkane gas is produced.19* From analyses of the reactio 
these conditions, it is concluded that the source of ethane and other alkan 
ordinary photolysis is not the combination of free radicals, but the deco 
of the association product with azomethane. 

Diazo-Compounds. Diazomethane exhibits an absorpt 

Ting 

( 

what resembling that of azomethane.'9* It consists of a series of weak qj ce 
bands in the region 4710 to 4250A, followed by a continuum from 4250 to 320¢ 
and a second completely continuous region beginning at 2650A. The Photochem: 

decomposition is unimolecular; the main products are nitrogen, ethylene, ep, 
and a non-volatile liquid. The quantum yield is approximately four at 3659 . 
4360A. The primary process is the decomposition: CH ,Ngt+hv—+> CH, 4+ 

This is supported by the behavior of mixtures of the gas with hydrogen and y 
oxygen. - 

Adamson and Kenner 194 find that vinyldiazomethane, CH.».=CHCH=y 
0.5-per cent ether solution forms pyrazole by a monomolecular photoche a 
reaction. 

Ethyl diazoacetate, as such or in various solvents,’ has an absorption ey 
similar to that of compounds containing a carbonyl group since both chromopho; 

In the photoly N=N and CO are said to have the same electron-term scheme. 

in heptane solution, the quantum yield rises from 0.20 for 4200A to 1.11. 
2600A; the rate of increase is small at first, but becomes greater in the band 
shorter wave-length. 

greater in the shorter. 
or falls in the order: heptane, ethanol, methanol, water. 

yield. . 
Goldfinger 19° measured manometrically photodecomposition by the full r 

tion of the mercury ar¢ at various initial pressures from 0.04 to 297 mm. “ 
relative velocity is greatest for the lowest pressure; the order of the reaction |; 

between zero and two. At low pressures, it is accelerated by argon. At high 
pressures, it is retarded by nitrogen and by methane. | 

Nitro- Compounds. Chloropicrin is decomposed by violet or ultravic 
light, but the reaction soon stops because the nitrosyl chloride formed acts as 

internal filter. | 
_ 

Ci: CNOs'+ hy, >, NOCL + COCk.™ 

According to Thompson and Purkis 19° methyl nitrite yields on photolysis 
solid containing paraformaldehyde and formic acid, with small amounts of cary 

192 Davis, T. W., Jahn, F. P., and Burton, M., J. Am. Chem. Soc., 60, 10 (1938). 

198 Kirkbride, F. W., and Norrish, R. G. W., J. Chem. Soc., 119 (1933). 

194 Adamson, D. W., and Kenner, J., J. Chem. Soc., 286 (1935). 

195 Wolf, E., Z. physik. Chem., B17, 46 (1932). 

196 Goldfinger, G., Compt. rend., 202, 1502 (1936). 

197 Radulescu, D., and Zamfirescu, G., Bul. soc. chim. Romania, 17, 87 (1935); Chem. A 
see also Piutti, A., Atti I Congr. naz. Chim. pura applicata, 437. (1923); J. Chem. Soc., 120, Ci 
Piutti, A., and Mazza, F. P., Gaz. chim. ital., 57, 610 (1927); Alekseevskii, E. V., J. gem ©" 
(U.S.S.R.), 2, 341 (1932): 
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In ethanol, methanol and water, there is a similar ¢ 

but compared with heptane the values are smaller in the longer ultraviolet ¢ 
For a given wave-length, the quantum yield either ris 

Neither a ten-fold incre 

in concentration nor a rise in temperature from 5° to 40°C. affects. the quant 
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In 

f ethyl nitrite, the volume decrease is less and the fraction of non- 
gases is larger. Aldehydes are present in a liquid residue. The 

saual gas has 38 per cent of nitrogen, 30 per cent of nitrous oxide, 18 per cent 
eY -pon monoxide and 13 per cent of methane. 
a the wave-length range. 2000 to 3000A, the primary process is believed 199 
in the case of nitro-conipounds 

Bde and hydrogen, and 45 per cent each of nitrogen and nitrous oxide. 
\{10- Bese 0 

densible 

BiCHeN Oe thine CRE HO tN OE 

2 a fs followed by certain reactions of NOH and by oxidation of the aldehyde. 

A 
a assumed that light absorbed by the molecule R-CH,—N << 

O 

changes it to 

OH 

. . A 

, and that this is followed by a rupture of the molecule. 

‘In the photolysis of tetramethylene nitrosochloride, the primary process, accord- 
« to Hammick and Lister 7°? is the elimination of NOH, the resulting olefin 
dergoing further reactions. The quantum yield is approximately unity. If the 

on atom to which the NO group is attached is also linked to an atom other 
carbon, a photooxidation occurs in the presence of oxygen with unit quantum 

ency. In the absence of oxygen, 1-chloro-1-nitroso-cyclohexane undergoes a 
d photoreaction without the evolution of gas. Red light decomposes nitroso- 
ropylacetone to H,N,O, and its decomposition products and mesityl oxide. 

g-nitroso-@,<-dimethylhexane probably gives a £,e-dimethylhexene.?1 

“Milone °° finds ultraviolet irradiation to isomerize the g- and y-forms of cer- 
ain glyoximes, both in the solid state and in dilute alcohol, at 18°C., to the 
-forms. ‘The isomerization is also promoted very slowly by sunlight, but Wood 
ight (3650A.) is ineffective. Isomerization is more rapid in 30-40-per cent ethyl 
"cohol than in the solid state, as shown by the following data, which give the 
hours of exposure and the percentage of B-compound formed in solution and in 
he solid state, respectively: a-phenylglyoxime, :23,44.8; 17;20.7; o-p-tolylglyoxime, 
2,208.8; 19,20.2; a-methylphenylglyoxime, 21,30.3; 19,15; g-diphenylglyoxime, 
6,29; 20,15.9; y-diphenylglyoxime, 28,41; 19,22.4. In sunlight, behind glass, 
yphenylglyoxime yielded only 0.93 per cent of the B-compound after 16 months. 

‘After thirty minutes of exposure to ultraviolet rays, 0.10 gm. of nitroglycerin 
at 20. mm. gave 1.32 cc. of gas containing carbon dioxide, 24. per cent, carbon 

nonoxide, 10.5 per- cent, nitrogen, 17.5 per cent, nitrous oxide, 8.5 per cent and 
¢ oxide 39.5 per cent.2°? Some nitric oxide was destroyed in attacking the 

mercury in the testing apparatus. The high percentage of nitric oxide explains 
1 

: , C. F., Trans. Faraday Soc., 30, 504 (1934); 
Lehmann, H. L., Z. physik. Chem., 18B, 32 (1932). 

By gurschlatt, E. N., and Norrish, R. G. W., J. Chem. Soc., 1580 (1936); see also Thompson, H. AVY oy 
». anton, F. S., Trans. Faraday Soc., 33, 1546 (1937), for the decomposition of alkyl nitrites. 

Hammick, D. L., and Lister, M. W., J. Chem. Soc., 489 (1937). 
ne siderson, K. D., Crumpler, C. J., and Hammick, D. L., J. Chem. Soc., 1679 (1935). 

gy ilone, M., Gazz. chim. ital., 63, 744 (1933); Chem. Abs., 28, 2713 (1934). 
"* Berthelot, D., and Gaudechon, H., Compt. rend., 154, 201 (1912). 
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its presence in the products of decomposition of smokeless 
nitroglycerin. | 

Berthelot and Gaudechon ?°¢ made this behavior the basis of 
stability of smokeless explosives. Samples were cut into cylinders 
to 0.45 g., placed over mercury in a quartz tube, containing nitro 
dioxide, and exposed to the radiations from a quartz mercury lam 
of 78 to 80 mm. for six hours. Powders consisting only of nitrated celia 

were thought to be more stable than those containing nitroglycerin, i. 
Cordite containing 30 per cent of the latter and 5 per cent of Vaseline 
in one cubic centimeter of carbon dioxide, gave a mixture composed of t 
ing volumes of gases: COg, 1 cc.; CO, 0.17 cc.; NO, 0.10 cc.; N20, 
Noe, 0.10 cc. Results were also given for the French A 
Balistite of different ages and with stabilizers. 

Experiments were also made in oxidizing (oxygen), reducing 
inert (carbon dioxide, nitrogen) atmospheres.2°° With oxyg 
free oxygen disappeared and added its oxidizing effect to that of the Oxygen of ¢ 

a test fori 
Welghing 0 

s€n or Ca h 

Pata distay 

he fol o 

0.02 
and B powders ang 

(hydrogen) 4 

nitrocellulose. With hydrogen, about one-quarter disappeared, forming water a, 
formaldehyde. With carbon dioxide, much depended on the temperature. At 250 | 
30°C. (70 to 80 mm. from the lamp) there was absorption, due no doubt to the 
vents and stabilizers which are basic in their character; at 40°C. (50 mm. distanc: 
no change in volume occurred; at 75°C. (20 mm. distance) there was disengageme 
of carbon dioxide from the powder and the final volume showed an increag 
Nitrogen had no effect on the evolution of nitrogen or nitrous gases fro 
powder. 

Comparison 7° of two powders of the same age and make and stabilized 
amyl alcohol and diphenylamine, respectively, showed that at 20 mm. (75°C.) am 

ny. 

‘ 

alcohol is the more efficient, the latter powder giving off less gas, and the o; 
containing a very much lower percentage of nitric oxide than the former, | 
50 mm. (40°C.), on the other hand, diphenylamine is the more efficient stabilize 
Similar results were obtained with two naval powders, save that these evoly 
no nitrogen oxides. 
20 cc. of 0.5N potassium hydroxide for 30 minutes at 15°C.), it was found t# 
the diphenylamine powder showed less decomposition than that stabilized with 
amyl alcohol. A damaged naval powder, in which the brownish-yellow plat 

damaged part gave off more gas than the unaltered part, and this gas containe 
from 12 to 30 per cent of nitrogen oxide, while 
contained none. 

A piece of nitrocellulose (collodion) 15 by 51.6 mm., after two hours a 
20 mm., gave 0.87 cc. of gas, the percentages of its constituents being CO, 25.5, 
CO 10.5, NO 39, N.O 7, Nz» 9.297 Collodion, though less heavily nitrated than th 
French service smokeless powders, decomposed more readily and evolved 
notable amount of nitric oxide. 

Holmes and Patrick 2°8 stated that celluloid, when exposed to ultraviolet lig it 
becomes brown and brittle with liberation of gaseous products, and that it no 
only absorbed liquid but the gel itself is decomposed by the rays. More recently 

204 Berthelot, D., and Gaudechon, H., Compt. rend., 153, 1220 (1911). 

205 Berthelot, D., and Gaudechon, H., Compt. rend., 154, 514 (1912). 

208 Berthelot, D., and Gaudechon, H., Compt. rend., 154, 201 (1912). 

207 Berthelot, D., and Gaudechon, H., Compt. rend., 154, 201 (1912). 

208 Holmes, E, O., Jr., and Patrick, W. A,, J. Phys. Chem., 26, 25° (1922). 
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“AC 

ment, Riviere and | Beck +9? State that ultraviolet light does not 

ctive effect on celluloids, or nitrocelluloses ; instead, it seems to effect 

larization which renders them difficult of esterification, Nitrocellu- 

1€ in the form of collodion, decreases considerably in viscosity and the 
loose Sility increases. This is true, however, of only high-viscosity nitro- 

nol Ze ies with very low viscosities are unaffected by ultraviolet light. 

FE actic compounds produce intense yellow coloration with nitrocellulose 
a osed to ultraviolet. The viscosity of acetone-soluble nitrocellulose 
ucts on exposure but the degree of acetylation is unaffected. Films of 
este containing phenolic compounds become colored when irradiated. 
lose FF ion of benzyl cellulose, in powder form, results in the formation of a 

ent of insoluble matter; irradiation of a benzyl cellulose solution does 
oO" * e its viscosity. Other celluloses remain stable when irradiated; the 

a of ethyl cellulose Celloidin is considerably reduced by irradiation. (See 

Long exposure of mercury fulminate, Hg(ONC)g, to ultraviolet converts it ae 
b, more flammable but less explosive. compound of equal mercury content. 

4 destru 

a ylar po 

mc 

SULFUR COMPOUNDS 
et on disulfide in admixture with argon undergoes a partial decomposition 
ven exposed to bright sunlight and the sides of the containing vessel become 

ated with a brown deposit;?11 when exposed to diffused light, it remains 
altered. Bruhat and Pauthenier 212 have observed the decomposition of carbon 
eulfide by ultraviolet rays. When this substance is exposed in quartz cells to 
a quartz mercury arc, a deposit of sulfur is formed on the walls. In order to 

+. the sulfur, the interior of the cells was coated with a thin film of silver, which 
transparent to the ultraviolet. For a six-hour exposure, the long wave-length 
mit of decomposition was found to be at 3660A. | 

Light catalyzes a reaction of mercaptan in contact with copper and with mer- 
ury in the presence of air.218 When aqueous neutral solutions or alkaline solu- 
ions of sodium hydrosulphide, ethyl mercaptan, thioglycollic acid, cysteine, etc., 

are exposed to the radiation of a strong mercury arc, hydrogen is produced with 
‘the simultaneous formation of the corresponding disulfide compound. The quan- 

um efficiency with respect to hydrogen formation is always much less than one, 
ting that reverse reactions occur. The primary process is probably a decom- - 
on into RS and H. In aqueous solution, where a certain amount of the 

on RS’ is present the process may be RS’(HOH)+hvy— RS+H+OH". This 
ollowed by the formation of hydrogen from hydrogen atoms and of RSSR from > 
RS. A splitting of the RSH compound into RH and S may also occur as 

the primary process. | 

Many sulfhydryl compounds react with fluorescent dyestuffs in the dark. 
Irradiation with light absorbed by the dyestuff accelerates this reaction.214 

_ Rathke 2145 showed that the photopolymerization product of thiophosgene is a 

showed whitish stripes, was examined by the lamp. At both distances, tf 

% 

0 Clément, L.. Riviére, C., and Beck, A., Chimie et industrie, Special No. 702 (March, 1932); Chem. 
Abs., 26, 3662 (1932). 
© Patry, M., and Laffitte, P., Bull. soc. chim., 51, 1205 (1932). 
I Berthelot, D., Ann. Chim. Phys., 19, 150 (1900). 

pe Bruhat, G., and Pauthenier, M., Compt. rend., 178, 1536 (1924). 
78 Dittrich, E., Brennstoff-Chem., 15, 148 1934); Chem. Abs., 28, 5806 (1934). 
*4 Weiss, J., and Fishgold. H., Nature, 137, 71 (1936). 
+ Rathke, B., Ber., 21, 2539 (1888). 
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a 

| mixture of ethyl mercaptan and an excess of iron pentacarbonyl greatly 
a rates the reaction by which are formed hydrogen, carbon monoxide and 

| oe onmercaptotricarbony! : | 

dimer. Schonberg and Stephenson 2!® confirm this, but believe it to be 2 >, 
S 2,4 

tetrachloro-1,3-dithiacyclobutane, Cl, C <7 CCl, rather than CICS,CCjam 
, 3) 

that its condensation product with aniline is 4,4-dichlor-1,3-dithiacyclobuta 

anil. It turns brown when illuminated a short time and is depolymerizeg 
phosgene in petroleum ether by the light of a quartz lamp. 

Lifschitz and Froentjes 217 prepare the B-form of ethyl-a-thiolactic acig wy, 

num, Pt(CH3;sCHSC,H;COO)., from the g-form by exposure to the quart, a 
cury lamp, or better by exposure in aqueous solution to direct sunlight, f 

ne-2_, 
to or 2Fe(CO)s “2 2C2HsSH > 4C0 + He + Fee(SCeHs)2(CzOs) 2 

I condary reaction also occurs in which there is probably a slow decomposition 

Bc pis-ironmercaptotricarbonyl to iron mercaptide. 
with a mixture of equal volumes of the reactants at a”..40 09° CY, “tie ratio of 
drogen to carbon monoxide evolved is 1:9.2. This ‘is due to the reaction yield- 

| jnstead of 4 molecules of carbon monoxide and one of hydrogen, three of 
- monoxide and one of formaldehyde, which is polymerized during the 

eqdiation. In both of these cases, the primary reaction seems to be the loss of 

'» molecule of carbon monoxide from two molecules of iron pentacarbonyl with 

formation of Fe (CO) 9, which then reacts with two molecules of the mercaptan 
, yield the bis-ironmercaptotricarbonyl and H,C;03. This latter product then _ 

veaks down to yield three molecules of carbon monoxide and one of hydrogen at 
je higher temperatures, or two molecules of carbon monoxide and formaldehyde 

+ Jow temperatures. et 

" When a mixture of one volume of iron pentacarbonyl and five of acetylacetone 
< jrradiated at about 30° until evolution of gas ceases, the products formed are 
pydrogen, carbon monoxide, ferric acetylacetone and a substance which is prob- 
ably an impure peroxide of ferrous acetylacetone. From 20 to 25 per cent of the 
arponyl is unchanged. Nickel carbonyl and acetyl chloride react at SU? ta SoG... 

the reaction is not affected by irradiation. , | 
he decomposition of iron pentacarbonyl in toluene-and alcohol may be sensi- 

ized by pinacyanol to wave-lengths longer \than 6400A.226 

ORGANOMETALLIC COMPOUNDS 

Lead tetramethyl and tetraphenyl decompose in ultraviolet light, which 
absorbed continuously, into metallic lead and hydrocarbons. The former y; 

methyl radicals. For the vapor phase reaction, the quantum yield is 1.11, bull 
trimethylpentane, it is about 0.39, as determined by a method employing fag 
active indicators. In the vapor phase reaction, oxygen breaks the chains.218 ™m 
absorption spectrum of dimethyl zinc shows a continuum at approximately 2400 
that of diethyl zinc shows diffuse bands with an overlapping continuum at appro 

mately 2400A, and lead tetraethyl shows a quite sharp band in the region betwee 
2300 and 2700A.?19 _— 

Mercury dimethyl, irradiated by the 2537A line, yields mercury, methane a 
ethane with a quantum yield of unity. Ethane constitutes 93 per cent of the hydr 
carbons.22° Methane is formed in amounts increasing at increasing temperatyr, 
The primary process may yield mercury and ethane directly, although subsidig 
processes may give free methyl radicals. At 462°K the quantum yield rises 
2.21, chains being involved. At room temperature in the presence of nitric oxj 
a white solid is formed, but the quantum yield for the disappearance of meret 
dimethyl is still unity. Aerosols 221 have been prepared by the photochemic 
decomposition of mercury dimethyl. { 

Space does not permit the discussion of the interesting chemiluminescence 
the Grignard compounds, nor of their photovoltaic effects.??” | 

Little work has been reported on the effects of irradiating such compoun 
Gilman and Heck 228 note that although either heat or ultraviolet irradiation tran 
forms isobutyl bromide to tertiary butyl bromide reversibly, irradiation produce 
no effect on isobutyl. magnesium bromide or tertiary butylmagnesium chloric 

Miller, Frankenburger and Grassner 224 remove metal carbonyls from syt 
thetic methanol or other liquids containing less than 10 per cent of iron or oth 
metal carbonyl by exposure to ultraviolet rays, which also act on any aldehyde 
or ketones present. According to Reihlen, Gruhl and von Hessling 225 irradiatit 

“228 Fedorov, F. P., and falmud, D. L., J. Phys. Chem, (U.S.S.R.), 8, 789 (1936); Chem. Abs., 31, 

1702 (1937). 

SS * 
a: 

216 Schonberg, A., and Stephenson, A., Ber., 66B, 567 (1933). 

217 Lifschitz, I., and Froentjes, W., Z. anorg. Chem., 224, 173 (1935). aus 

218 Leighton, P. A., and Mortensen, R. A., J. Am. Chem. Soc., 58, 448 (1936). ry. ; 

29 Thompson, H. W., J. Chem. Soc., 790 (1934); Proc. Roy. Soc., 150A, 603 (1934); see als 
Thompson, H. W., and Frewing, J. J., Nature, 135, 507 (1935). 4 

220 Linnett, J. W., and Thompson, H. W., Trans. Faraday Soc., 33, 501, 874 (1937); see as 
Prileshaeva, N., and Terenin, A., [bid., 31, 1483 (1935); Acta Physicochim. U.R.S.S., 1, 759 
Chem. Abs., 29, 7798 (1935); Cunningham, J. P., and Taylor, H. S., J. Chem. Phys., 6, 359 (1988 

221 Harms, J., and Jander, G., Kolloid-Z., 77, 267 (1936). . 

222 Dufford, R. T., J. Phys. Chem., 35, 988 (1931); 37, 709 (1933). | 

223 Gilman, H., and Heck, L. L., Bull. soc. chim., 45, 1095 (1929). sa 

224 Miiller, C., Frankenburger, W., and Grassner, F., U. S. P. 1,679,256, July 31, 1928, to Ls 
Farbenind. A.-G.; Chem. Abs., 28, 3669 (1928). a 
< Reihlen, H., Gruhl, A., and von Hessling, G., Annalen, 472, 268 (1929); Brit. Chem. AUS 1927 

050. # 

\o 



AROMATIC COMPOUNDS 467 

9433 and 2390A. The spectrum is of importance because it frequently 
was the absorption spectra of other not especially purified compounds 
BT benzene is a contaminant. As such, it has been erroneously reported as 
Me tion spectrum of substances, such as ether, contaminated by it. Indeed, 
peor? e of small amounts of benzene vapor in the atmosphere can be detected 
ee enzene determined by drawing the air through alcohol and then taking 

“a tion spectrum. As little as 0.1 mg. per liter of air can be determined 

aoe accuTacy of about 5 per cent (in the absence of homologs) in a one liter 

a oc ption of the homologs of benzene has also been extensively studied.1° 

cneral, the addition of alkyl groups into benzene leads to a fusion, more or B mplete, of the benzene bands. 

4 Jan 21 compared the action of radium and of ultraviolet rays upon toluene. 

former changed less than 0.25 per cent of a sample of toluene exposed for two 
. The products formed included benzaldehyde, benzoic acid, and apparently, 
a acid. The principal product consisted, not of benzoic acid, but of a yellow, sos mass composed presumably of hydrocarbons and of condensation products 
senzaldehyde. Changes of a similar nature and order of magnitude were said 
have been produced by 22 hours of exposure to the radiation from a quartz 

cury lamp at a distance of 8 to 9 centimeters. In the presence of water, the 
son was slightly increased and some oxalic acid was also formed. 

‘The fact that the most easily isolable products of the autoxidation in light of ben- 
| ; a e homologs are carboxy-acids was attributed by Suida 12 to the relative stability 

Berthelot *? found that benzene remains unaltered when exposed to bright ‘ntermediate products. He believed that, with the quartz lamp as source, the 
light for several months in sealed tubes containing hydrogen or argon, alt 10 5 city of the first stage of the oxidation could be approximately measured by the 
it combined with oxygen, yielding resinous products, if placed over mere ount of peroxide formation, estimated by the liberation of iodine from acidified 
A brown sediment, derived from the thiophene present in the benzene, forme a ium iodide. The amount of carboxylic acid formed could not, however, be 
the junction of the liquids.4 : id y due to the decomposition of peroxide. More recent workers have con- 

Benzene vapor exhibits a complex absorption spectrum, analyses of which } buted to this work, but an understanding of the mechanism of the process 
been given by Henri.5 The absorption of light produces only excited states, a complete. 

most is reémitted as fluorescence. From the fluorescence spectrum, Almasy@ The oxidation of xylene occurs more than twice as rapidly as that of toluene, drawn certain conclusions as to a predissociation of the molecule. Actually, h ta-xylene oxidizing more rapidly than the ortho isomer. The process is accel- ever, little decomposition can be effected below about 600°C. by irradiation. by the addition of small quantities of wi Fa ar of ene of the nitto- 

Chapter 25 

Aromatic Compounds 

Berthelot and Gaudechon?! called attention to the stability of a numbe 
typical aromatic compounds toward ultraviolet radiations. This is jy a 
agreement with the stability of the aromatic nucleus toward heat and ch i 

reagents. A similar stability has also been noted in other cyclic compounds , 
as pyrrole, furfural, pyridine and a few alkaloids. In substituents which ua 
present, however, may occur any of the types of photochemical change enh 
tered in these substances when unattached to the benzene ring. When the do, 
linkings in the ring have been saturated, as in hexahydrobenzene and piperid 
ultraviolet irradiation may cause decomposition. Cyclopropane, which does 
absorb wave-lengths longer than 2000A, undergoes a mercury-sensitized ’ ph 
polymerization under the influence of the 2537A line to a colorless oil of 4 
boiling point.? 4 

HYDROCARBONS 4 

increasing temperatures, the fine structure of at least four of the bands of es. 
benzene vapor spectrum successively disappears, and underlying continuous abso According to Sudborough, Watson and Narayanat!3 it was claimed by Eckert 14 
tion increases. Henri and Cartwright suggested that incompletely separa at 40 per cent yields of benzoic acid could be obtained in six weeks from toluene 
molecules of CsH3 are formed by an excessive folding of the benzene ring, y atmospheric oxidation in sunlight in the presence of anthraquinone. In a 
that these recombine on cooling. This was proposed in an attempt to account petition and extension of these experiments, Sudborough and co-workers used the predissociation spectra observed at higher temperatures. q €. quartz flasks containing 50 gm. of toluene and 5 gm. of anthraquinone. In hexane, benzene exhibits a series of about seven relatively broad bam he flasks were filled with oxygen and connected with a reservoir of that gas. 
Kwieninski and Marchlewski ® locate the maxima of six bands at 2648, 2608, 254( qi 

] *Laurian, P., l4me Congr. chim. ind. Paris, Oct. 1934, 6 pp.; Chem. Abs., 29, 6173 (1935), .-For 1 Berthelot, D., and Gaudechon, H., Compt. rend., 152, 376 (1911). ta on the absorption of solid benzene, see 'Pringsheim, P., Physik. Z., 27, 856 (1926). Kronen- 
2 Harris, L., Ashdown, A. A., and Armstrong, R. T., J. Am. Chem. Soc., 58, 852 (1936).  A., and Pringsheim, P., Z. Physik, 40, 75 (1926). For the Schumann region, see P rice, W, C., es peuce » Wood, R. W., J. Chem. Physics, 3, 439 (1935). ee ee ee a ee a ee Se _ emer, M., and Giibitz, O., Monatsh., 64, 426 (1934); Henri, V., and Walter EB, C J. Soc. Chem. Ind., 47, 727 (1928); Report of Joint Research Committee of the National Bé 176, 746 (1923 . C aBilleoth. EH Zon vsik h ; p,v7 and Walter K., Compt. 

A ate d the Uni ; Leeds, 237 (1928) 5 aw 3); Conrad-Billroth, H., Z. physik. Chem., B29, 170 (1935); Wolf, K. L., and ssociation, and the niversity of Leeds, - a , W., Z. physik. Chem., B13, 210 (1931); B21, 389 (1933); Radulescu, D., and Dragulescu, C., 5 Henri, V., J. phys. Radium, 3, 181 (1922); Henri, V., and Cartwright, C. H., Compt. renga é Z., 36, 66 (1935). Aubert, M., and Gheorghiu, T., Ann. combustibles liquides, 8, 451 (1933); 1532 (1935); Kistiakowsky, G. B., and Solomon, A. K., J. Chem. Phys., 5, 609 (1937). ' bs., 29, 2448 (1935). Ramart-Lucas, Mme., and Amagat, P., Compt.. rend., 188, 638 (1929); 6 Almasy, F., Naturwiss., 20, 296 (1932); Almasy, F., and Shapiro, C. V., Z. physik. Chem, 4 6 chim., 51, 108 (1932); Horio, M., J. Soc. Chem. Ind. Japan, 37, 135 (1934). 391 (1934); Kistiakowsky, G. B., and Nelles, M., Phys. Rev., 41, 595 (1932). a Kailan, A., Monatsh., 40, 445 (1920); J. Chem. Soc., 118, i, 538 (1920). 
7 Klingstedt, F. W., Compt. rend., 175, 1065 (1922); see also Orndorff, W. R., Gibbeg a da, H., Monatsh., 33,1255 €1912). McNulty, S. A., and Shapiro, C. V., J. Am. Chem. Soc., 50, 831 (1928); Shapiro, C. V., am ’ borough, J. J., Watson, H. E., and Narayanan, B., J. Indian Inst. Sci., 8A, 1 (1925); British R. C., Phys. Rev., 31, 310 (1928). ' a a7; J. Soc. Chem. Ind., 782 (B.1925); John, H., Ber., 58B, 1563 (1935). Aaa L., and Marchlewski, L., Bull. Acad. Polonaise, A, 255 (1929); Chem. Abs. 4 jBekert, A., Indian P. 8425; Ber., 58B, 313 (1925). 
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They were rocked at such a rate that the liquid was continuously spla ; 
Whe Shs: ; Shed 

the upper part of the interior surface exposed to the light. The temperatyes” 
63-6°C. when the source was a mercury arc and 29-50°C. when sunli il 
employed. The amount of acid determined by titration always exceeded thes a 

could be isolated as benzoic acid, probably because of the formation of son a 

acid. The amount of acid formed was roughly proportional to the time of I . 
sure and was markedly dependent upon the amount of water present. Tha 7 and m 
of acid in sunlight ranged from 0.76 per cent with 2.5 gm. water and 2.93 af y Q- 

with 25 gm. of water after 60 hours to 6.60 and 17.3 per cent, respective a 
400 hours. In ultraviolet light, the values were: after 200 hours, 4,7 
with 2.5 gm. water and 15.7 per cent with 25 gm. water and, after 609 he 
16.3 and 34.7 per cent. The addition of nitrobenzene as catalyst had practic: 
no effect. The presence of oxygen was essential. Meta-xylene and mes 

showed no marked oxidation after 200 hours of ultraviolet treatment. It wag ¢, 
by Castiglioni 1° that one and a half times as much benzoic acid was formed } 
given time when Uviol flasks were used as when ordinary glass flask yw 
employed. } . 

_ The discrepancy between the reports regarding the effect of nitrobenzene + 
have been due to a slow photoreaction between toluene and nitrobenzene wit 

occurs even under nitrogen and in the absence of anthraquinone. Vecchiottj « 
Zanetti 1® find that a large quantity of nitrobenzene (100 gm.) and 20 gm 
toluene give, after six months in sunlight, 20 gm. of benzoic acid and p-a 4 

phenol. This indicates that the side-chain of the toluene is oxidized and that 
nitrobenzene is reduced to aminophenol. This reaction had been observed ¢ 

viously by Ciamician and Silber.1” : 4 

_ Subsequent observations of the anthraquinone-sensitized oxidation of toluene 
Kothari and Watson 18 indicated the rate to be greatest in the presence of J 

cent of catalyst. The rate is initially slow, but gradually speeds up and eventy; 
becomes constant. They believed the fraction of toluene oxidized, 8.3 to 98 5 

cent, to be larger in proportion to time when the sun was the source than when 
mercury arc was employed. Uranium salts had irregular effects as catalysts 

Xylene mixed with an aromatic nitro-hydrocarbon is reported to contain me 
active oxygen after exposure to light and oxygen than pure xylene exposed 

light and oxygen, but Suida2° found that the presence of a nitro- compot 
reduced the total yield of oxidation product, although considerable quantities 
toluic aldehyde were present. Thus in the presence of a nitro-hydrocarbon 1 
less stable products of oxidation (aldehydes and peroxides) remained, while 1 
pure chemical reaction (the decomposition of these primary products to the ne 
higher and more stable stage of oxidation) was delayed. It was possible by co 
ing in carbon dioxide and ether to bring almost to a standstill the decompositi 
of the benzene hydroperoxide (formed from benzaldehyde by the action of ultt 
violet). The product of the primary autoxidation process could not be isolate 
as it decomposed into benzoic acid within a few minutes after removing it I 

‘ ane mixture. Little is known as yet regarding the mechanisms of these 

tions: 

ot nikow 
~@ various 

2 notes that sunlight acts on solutions of potassium dichromate con- 
organic compounds. Triphenylmethane is unaltered and benzene 

ly, a oquino’ 
en 0 ‘ : : 
ed cresol, chromic hydroxide, and a tarry substance, and the upper, benzoic and 
ane 

4 acids. 

a anit -aminophenol into benzoquinone and ammonia. Results with pseudocumene 
‘i te that the possibility of terpene formation is dependent on a symmetrical molecular 
4 Dihydroxyanthraquinone breaks down into benzoquinone and carbon dioxide. 
a res of isopulegol and ammonium dichromate in various proportions yield on 
sation in aqueous or alcohol solutions only about 1 per cent of isopulegone, whereas 7. tio ‘ : ; 
” { undergoes extensive oxidation. eugeno 

Gybstitution Products of Benzene. Although the absorption spectra of the 
sous halogen substitution products of benzene and its homologs have been 
-orded and in some cases analyzed,* little is known regarding their photo- 
smical decompositions or reactions. 

Without catalysts, p-bromobenzenesulfonate undergoes no decomposition in 
tkness and less than 2 per cent in light.28 In the presence of charcoal, 0.65 to 
3 per cent decomposition occurred in darkness and 2.28 to 3.21 per cent in the 

of a carbon arc. The corresponding values in the presence of copper were 
5.26 and 5.83-7.79 per cent. In the presence of both copper and charcoal, the 

jues were 10.71 to 23.70 per cent decomposed in darkness and 14.29 to 26.28 per 
nt in light. 

PHOTOCHEMICAL NITRATIONS AND Nirro- CoMPOUNDS 

Tn the photochemical reaction in sunlight between benzene and a mixture of 
> and sulfuric acids, Sollazzo 74 finds that there are successively formed nitro- 

ene, nitrosobenzene, azoxybenzene and finally the salts of azoxybenzenesulfonic 
1C 

Bass and Johnson 25 allowed nitrogen péroxide to react with benzene for three 
ionths in sealed tubes both in darkness and in sunlight. The only nitration 

ucts identified were the mono- and di-nitroderivatives, formed in very small 
Anhydrous nitrogen peroxide gas was passed over 50 gm. of dry toluene 

na water-cooled quartz tube exposed to a quartz mercury arc for six hours. In 
dition to 2.5 gm. of benzoic acid and 32.0 gm. of toluene, there was obtained 

0 gm. of an unstable low-boiling (40-80°C.) liquid which showed no definite 
hg point, but decomposed into toluene and nitrogen peroxide. They believed 
en peroxide to act solely as an oxidizing agent, practically no nitration 
King place. 

15 Castiglioni, A., Gazz. chim. ital., 63, 818 (1933); Brit. Chem. Abs., A, 264 (1934); see, howe} 
John, H., Ber.,'58B, 1563 (1925); Chem. Abs., 20, 337 (1926). — 

16 Vecchiotti, L., and Zanetti, G., Gazz. chim. ital., 60, 479 (1930); Chem. Abs., 25, 251 (1931). 

17 Ciamician, G., and Silber, P., Gaze. chim. ital., 33, 354 (1903); 36, 174, 176, 190, 197 (1906). 

: 18 oe C. J., and Watson, H. E., J. Indian Inst. Sci., Al4, 11 (1931); Chem. Abs. ag 
1932). : > 

19 See also Nozicka, F., U. S. P. 1,945,067, Jan. 30, 1934; Chem. Abs., 28, 2273 (1934); eh 
Patent 624,964; Chem. Abs., 30, 4870 (1936); and Kreidl, I., U. S. P. 1,971,042, Aug. 21, 193% 
other catalysts related to anthracene or anthraquinone. : 

20 Suida, H., Ber., 47, 467 (1914); Monatsh. Chem., 33, 1268 (1912). 

*Plotnikow, J., Chem. Ztg., 52, 669 (1928); Chem. Abs., 22, 4380 (1928). 

“trera, J., and Henri, V., J. Phys. Radium, 9, 205, 249 (1928); Conrad-Billroth, H., Z. physik. 
» B19, 76 (1932); B25, 139, 217 (1934); Klingstedt, F. W., Z. physik Chem.; 20B, 125 (1933). 
andonnini, C., Atti R. Accad. Lincei, 2, 427 (1925); Chem. Abs., 20, 1018 (1926). 

_dollazzo, G., Officina, 4, 268 (1931); Chem. Abs., 26, 1862 (1932). 
» Bass, L. W., and Johnson, T. B., J. Am. Chem. Soc., 46, 456 (1924). 
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More recently, however, it was found ?® that when 40 gm. of tole 

passed in vapor form with 180 to 200 gm. of nitrogen peroxide and 45 t, 50. 

of carbon dioxide at 14° to 15°C. during two hours before or through a - 

quartz mercury-vapor lamp, 55 per cent of the toluene reacted, giving aboutil 

of the side-chain nitration product, and 27-28 gm. of a mixture of mo - 

toluenes. No dinitrotoluene and no benzoic acid were produced, Raictal 

temperature to 58-60°C. did not affect the side-chain nitration, but lowell 

yield of the nitrotoluenes to 15 gm. In the absence of radiation, legs ag 

reacted, but the relative amounts of side-chain and nuclear substitution wa 

little affected. The nitration of benzene was but little affected by irpag:. 

Titov and Baryshnikova2? obtained rather similar results under conditions m 

low concentration and illumination, which favored the dissociation of the 

They did observe a considerable amount of disubstitution in the side chain 4 

as some benzaldehyde and benzoic acid formation. These products were aa 

in the absence of illumination. In sunlight or the light of the mercury a 

the reactions were accelerated except that the ring substitution was red 

approximately 4 to 9 per cent. = 

Irradiation has little effect on the nitration of benzene, n-hexane or 

hexane. In general, it is helpful only when the completely symmetrical stryo 

of the benzene molecule is disturbed by the presence of a side-chain.?8 q 

To obtain information regarding the photochemical action of nitrobenzen 

various organic compounds, a field already investigated by Ciamician and Sih 

Vecchiotti and Zanetti 2° exposed it in an atmosphere of nitrogen to sunlight fa 

months in contact with the substance to be tested. In the reaction with cinna 

acid, the products obtained included benzoic acid, carbon dioxide, benzani 

azoxybenzene and hydroxyazobenzene. It was assumed that the double bond 9 

cinnamic acid was ruptured, with the formation of benzaldehyde and OHCCOQ 

these products being oxidized to benzoic and oxalic acids. On further oxida 

cinnamic acid yields carbon dioxide. The nitrobenzene is reduced to nitroso 

zene. ‘The formation of the remaining three compounds is accounted for by re 

ence to the explanation given by Ciamician and Silber ®1 for the action of ni 

- jast of the three compounds may be formed from CgH;N(:0) :NCgHs; by 
asposition.*° 

ae = N-CeHs ee CeHsN = N:-CeH.OH 

q or by 

i. 
CoHsN O + CeH:(OH) NH:-COC.H; ——> HO:C.sHiN = NGH; + CeHsCOOH 

ven in darkness, cinnamic acid and nitrobenzene gave benzoic acid and azoxy- 
a 

“Tn the photochemical reaction of nitrobenzene and naphthalene, a trace of 
aphthol was the only product identified. 
Qn exposure to sunlight, Sollazzo ** found a mixture of ethanol, ammonium 
idroxide and m-dinitrobenzene to become red-yellow. In the case of amyl alcohol 
he color was cherry-red; it was permanent in darkness. 

filumination of 1-styryl-3-bromostyryl-4, 6-dinitrobenzene gives 2-phenyl-5- 
tyryl-6-nitroisatogen.** 

Molinari and Giua are said®° to have observed 2,4,6-trinitrotoluene to turn 
slowly brown on the surface when exposed to bright daylight. The melting point 
jropped from 80° to 74° in three months. Custis?® found that a more rapid 
reaction occurs when the material was exposed to an iron arc, but a mercury arc 

not prove effective. Schultz and Ganguly 37 attribute the red coloration 
erved after the prolonged action of light on 2,4,6-trinitrotoluene in the presence 

ff oxygen, hydrogen, nitrogen or im vacuo, to the production of two tautomeric 
nonoximes, C;H;O,Ns, of melting points above 280°C. They can be separated 
their differing solubilities in cold acetone. Each dyes wool red. They are 
sidered to be 2-nitro-6-nitroso-5-hydroxymethyl-p-benzoquinone-4-oxime and 
itro-4-nitroso-5-hydroxymethyl-o-benzoquinone-2-oxime. The course may involve 

he migration of an oxygen atom from a nitro- group to the methyl group, as in 

benzene on benzaldehyde. Benzanilide may be formed from benzaldehyde by e: ne va ac 

of the reactions: 
C H.C 

| | O Nf NNO (on 
C.H.NO. + 3C:HsCHO ——> CHsNHCOGHs + 2CsHsCOOH. na Stee eee 

CsHsNO + 2CsHsCHO ae? C.HsNHCOCseHs = CsH;sCOOH. 
N o al 

2 

Azoxybenzene may be formed by cetone solution, the process may stop here, the product melting at 108-111°C. 
he case of the solid, a repetition of the process yields the unstable 4-nitro-2,6- 
trosodihydroxymethylbenzene. One hydroxyl migrates to the nucleus aiid 
passes its hydrogen to one or the other nitroso- group, forming the Me and 

| imes. The assumption that only the nitro- groups in the 2 and 6 positions 
ea me iaail aes, CAHN (: 0) : NCcHs + CHsCOOHN 4 reduced is supported by the observation that 2,6-dinitrotoluene is converted by 

Osure to light into a yellow substance, probably 2,6-dini : ‘*% -dinitroso-4-hydro:; 

26 Schorigin, P., and Toptschiev, A., Ber., 67, 1362 (1934); J. Gen. Chem. Russ., 5, 549 Cl ji a a y eS) 

Brit. Chem. Abs., A, 61 (1936). 

27 Titov, A. I., and Baryshnikova, A. N., J. Gen. Chem. U.S.S.R., 6, 1801 (1936); Chem. Abs 

4285. (1937). 
, 

28 Schorigin, P., and Toptschiev, A., loc. cit.; for attempts at substitution of hydrocarbons by 2 

during irradiation, see Perrot, R., Compt. rend., 198, 1424 (1934). 

29 Ciamician, G., and Silber, P., Gazz. chim .ital., 33, 354 (1903); 36, 174, 176, 190, 13 a 

30 Vecchiotti, L., and Zanetti, G., Gazz. chim. ital., 60, 479 (1930); Chem. Abs., 25, 251 Ch 

31 Ciamician, G., and Silber, P., Compt. rend. Acad. Lincei, 14, 265 (1905). a 

3la Ber., 35, 1606 (1902). 

2CesHsNO + CeHsCHO gin CeHsN ( ° O) : NCeHs + CsHsCOOH. 

or by analogy with the Bamberger 81a reaction of nitrosobenzene and CsH;HN 

bc 

5 a eeeters, H. M., Rec. trav. chim., 22, 14 (1903). 
ip, vollazzo, G., Officina, 4, 340 (1931); Chem. Abs., 26, 3729 (1932); B 
(1032). ey , ’ . "y ; ll, : : (883); Brit. Chem. “Abs., A, 264 (4934);' Chem. ‘Abs.,"28, 3758 ACT anlar oft oir 
. peel 4 oe Zimmerman, A., Helv. Chim. Acta, 15, 865 (1932); Chem. Abs., 27, 292 (1933). 
iy, vscales, R., “Die Explosivstoffe mit besonderen Bertichsightigung d es 
Nitrosprengstoffe,” p. 295. Leipzig, Vereinigg. wissensch. ie hae folk T= FT ee 
86 . 
9) "Ss H. H., J. Frank. Inst., 184, 876 (1917); Chem. Trade J., 62, 90; Chem. Zentr., 208, I 

~* Schultz, G., and Ganguly, K. L., Bér., 58B, 702 (1925). | 
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at 
b 

seid to be 115.7 kcal., corresponding to 2461A, at which the “total” absorption 
ate th e benzaldehyde spectrum begins. 

: a absorption mein has been studied recently by Almasy #* who found 

alcohol, although p-nitrotoluene is completely unchanged. The Presence o¢ 

nitro- group in the para position appeared to retard the change, since 2,4-dineat 

toluene is almost stable to light. 2,4,6-Trinitrobenzyl alcohol in benzene anil oa 

trinitrobenzyl bromide, as a solid or in benzene, are also sensitive to light 7 20 cond regions. Profi -3747 to 3163A, there were 159 measurable bahds. in 

It was believed by Krauz and Turek® that exposure of trinitrotoluene in thin j,,. pot; between 2963 nd 2599A there were 51. At 2428 to 2349, there were 

to sunlight increased its sensitiveness to shock. This was attributed to a decomposnat 1€ Bin ds followed by continuous absorption. As the temperature is raised, the 
“10r x leading to the formation of both picric and trinitrobenzoic acids. Metals or m 

were supposed to hasten this change, which occurred to a sufficient extent to chanoe uw 
melting point in four months from 81.4° to 73.5°C. These results have been orl th 
examined by Wichart and Donat ® and by Lodati,“” who find the technical products ale 

pletely stable in contact with metals. The latter worker states, however, that in difsem 

light, the compound formed some nitrous vapors in three months.* User 

etal oxide, Becter of the spectrum is altered, the narrow bands fusing into broader ones 
le ine the occurrence of predissociation at longer wave-lengths, the higher 

temperature. At 208°C the fine bands present at lower temperatures between 

a and 1610A are continuous and radiations in this range produce photolysis. 

4 270°C radiations shorter than 3200A produce dissociation. 

, Qn exposure to ultraviolet rays, hexahydrobenzaldehyde yields carbon mon- 

ade, cyclohexane and the dimer.*8 Phenylacetaldehyde does not evolve carbon 

onoxide, but is partly converted into a yellow oil and a brownish-red, viscous 

site: Hydrocinnamaldehyde also is said to be practically unaffected by ultra- 

‘ojet light. Hexahydrophenylacetaldehyde yielded a gas containing 88 per cent 

4¢ carbon monoxide, hexahydrotoluene, and small quantities of polymerized prod- 

“cts.29” Hexahydro-8-phenylpropaldehyde, after ten hours’ exposure to ultraviolet, 

gave carbon monoxide more slowly and in smaller quantity and highly polymerized 

oducts from which only a trimer of the original aldehyde, but no hexahydro- 
ethylbenzene, could be isolated. | | 

Oxidation of Benzaldehyde. It was early claimed 5° that the autoxidation of 

either benzaldehyde or of pinene under the influence of rays from a Uviol lamp 

+ areased the electrical conductivity of oxygen. It had been found by Jorissen and 

ger ® that when a mixture of one mole of benzaldehyde and two of acetic 

ydride is exposed to the diffused light of an arc or a magnesium flame in an 

atmosphere of oxygen in a closed vessel, benzoylacetal peroxide could be obtained. 
 Syida 52 passed a current of oxygen through a solution of benzaldehyde in 

petroleum ether (cooled with ice), while irradiating it by a Heraeus quartz lamp 

‘at a distance of two centimeters. After six hours a considerable amount of benzoic 

acid and small quantities of a peroxide were found, which could not be readily 

jsolated. When the vessel was cooled by means of solid carbon dioxide and ether, 

the formation of the peroxide was much increased and a white deposit with strong 
oxidizing properties and a pungent odor was obtained. 
_ By a combination of iodometric and acidimetric titrations during the reaction, 
Backstrém 52 found that perbenzoic acid is the product of the photochemical 
reaction. The quantum efficiency is high, of the order of 10,000. The reaction can 
be inhibited. The perbenzoic acid subsequently reacts with benzaldehyde, forming 
benzoic acid by a pseudo-unimolecular thermal reaction, which shows little or no 

‘negative catalysis. This reaction is accelerated by light, but the quantum yield is 
less than 0.5 per cent of that of the reaction by which the perbenzoic acid is 
formed. The quantum yield for the total reaction, measured by the oxygen uptake, 
decreases during the progress of the reaction. 

According to Sachs and Hilpert,4? the nitrobenzylidene group should be light 

sensitive. This was confirmed by I. and H. Tanasescu *% in studies of the acta 

of sunlight on o-nitrobenzylideneglycol, Q-CHs*CH»O-CH*CgH4NOx, which yieldeg 
a white crystalline isomer o-NO-CgH4-C(OH)-O-CH»2:CH,90, melting at 12906 

to a green liquid which readily hydrolyzed on boiling with acid or base to fory 

glycol and o-nitrosobenzoic acid. A similar migration of oxygen from a nitro. 
group to form an alcohol group (mentioned by Schultz and Ganguly in the cage 
of trinitrotoluene) was observed in di-o-nitrobenzylideneerythritol. A similar 

type of behavior is also encountered in the case of o-nitrobenzaldehyde. Tandsescy 

and Macovski44 have extended this work to include the changes in 1,2,5,6-di-g 

nitrobenzylidenedulcitol which gives a resin, possibly by partial isomerization ane 
p-nitrobenzylidene-3-benzoylglycerol. Included are also the o-nitrobenzylidene. 

acetals of a number of other glucides, such as mannitol and sorbitol. The struc. 
ture of the photochemical isomerization products’ was not definitely established 
these authors believing an open-chain formula of the type O-ROCH,CH,OCOC,. 

H,NO the most adequate. Recently, the corresponding compounds of galactose 

a-methyl-galactose, mannose, rhamnose, fructose, lactose and sucrose have been 

found to give isomerizations when irradiated in chloroform and benzene solutions.4® 

a 

BENZALDEHYDE 
fi 

Although benzaldehyde is thermally decomposed only at temperatures of 400°C. 

and higher, wave-lengths shorter than 2600A (more accurately 2438A) produce 

a photolysis at room temperature, according to de Hemptinne.*® He believed the 

primary products to be carbon monoxide, a phenyl radical and a hydrogen ato n, 

the latter combining to produce benzene. The energy necessary for this was cal- 

8 Krauz, C., and Turek, O., Z. ges. Schiess-u. Sprengstoffw., 20, 49 (1925); Chem. Abs., 19, 2747 

(1925); Chem. Age (London), 13, 392 (1925); Chem. Abs., 20, 824 (1926). -Z 

39 Wichart and Donat, Z. ges. Schiess-u. Sprengstoffw., 20, 69 (1925). , 

40 Lodati, D., Giorn. Chim. Ind. Appl., 7, 572 (1925); Chem. Abs., 20, 3815 (1926); but see also, 

Sucharevskii, M., Z. ges. Schiess-u. Sprengstoffw., 20, 40 (1927); Chem. Abs., 21, 3462 (1927). a 

41 For spectrographic studies of this reaction, see also Pavlik, M., Chimie et Industrie, Speci 

No., 245 (June, 1933). 

42 Sachs, F., and Hilpert, S., Ber., 37, 3425 (1904). a 

48 Tandsescu, I., and Tanadsescu, H., Bul. soc. stiinte Cluj, 2, 369 (1925); Chem. Abs., 20, 749 (1926)s 

44 Tindsescu, I., and Macovski, E., Bull. soc. chim., 53, 1097 (1933); Chem. Abs., 28, 1330 ee 

Bull. soc. chim., 51, 1371 (1932); Chem. Abs., 27, 1874 (1933); Bull. soc. chim., 51;' 1558 a 

Chem. Abs., 27, 2142 (1933); Bull. soc. chim., 45, 1022 (1929); Chem. Abs., 24, 2118 (1930) 

soc. chim., 47, 86 (1930); Chem. Abs., 24, 2429 (1930); Bull. soc. chim., 47, 457 (1930); Chem. 4095 

24, 4270 (1930). | aa . 

i os Bie ago ies ee ee. Bull. soc. chim., 3, 581 (1936); Tanasescu, I., and Jonssll _ © Jorissen, W. P., and Ringer, W. E., Chem. Weekblad, 2, 19; Chem. Zentr., 76, 817 (1905). 
M., Bull. soc. chim., ; = 2 Sui 

w de Hemptinne, Mz Compt, rend. 186, 1295, (1928), Ain, See. Sch. Bruccliel: Sa “_ 3 — ee eee Nobelinst., 6, Nos. 15 and 16 (1927); Backstrém, H 
Brit. Chem. Abs., A, 409 (1929); J. Phys. Radium, 9, 357 (1928). ; 1 cand Beatty, HAs. Phys. Chem, 38,2530 (1931). » 9, iia ) ; Fae » iv 

4 Almasy, F., J. chim. phys., 30, 528, 713 (1933). 
/ 4Franke, A., and Sigmund, F.,. Monatsh., 46, 61 (1925); cf. also Wallach, O., and Isaac, E., 

Annalen, 347, 331 (1906). 

Sigmund, F., Monatsh., 52, 185 (1929). 
80 a W. P., and Vollgraff, J. A., Chem. Weekblad, 12, 93 (1915); J. Chem. Soc., 108 (ii), 
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According to Kothari and Watson 54 this decrease, which is found als 
toluene solutions and by the use of an incandescent light source, is greate ° 
could be accounted for by the retarding action of the benzoic acid. 

when benzene was the solvent. Anthraquinone may serve as an accelerator of +h. 
reaction when-toluene is the solvent, but is not effective in benzene. Benzoqui the 

is a strong inhibitor, and phenolic compounds also act in this way. According 
Jorissen and Dekking,®> the photodxidation of benzaldehyde in th : 
iodobenzene induces oxidation of the latter compound. 

Photochemical reactions between aldehydes and quinones have been the sul 
ject of a number of empirical observations.5® Angeletti and Baldini,57 fou . 
that after exposure to sunlight for six months an equimolar mixture of benzalde. 
hyde and toluquinone in benzene gave benzoic acid, toluhydroquinone, a relatively 

small quantity of diethyl toluhydroquinone benzoate, an unidentified phenolic ¢9 4 
pound, and large quantities of resins. Light reduced the toluquinone to toluhy. 

droquinone and oxidized the benzaldehyde to benzoic acid. The latter then este 
fied the two hydroxyl groups of toluhydroquinone. Cinnamaldehyde and tolu. 

quinone similarly gave cinnamic acid, toluhydroquinone and a monocinnamate of 
toluhydroquinone.58 No compounds corresponding to the 2,5-dihydroxybenzo_ 
phenone were reported by Klinger.59 : a 

It has been stated by Chattaway ® that benzaldehydephenylhydrazone reddens 
slowly in diffused light. In sunlight, the change becomes very noticeable in a fe a 
minutes, reaching, in a few hours, a maximum intensity, the crystals having a 

brilliant scarlet color like that of azobenzene. The change could be produced algo 
by the light of an iron arc, but the ultraviolet rays were not held responsible since 
the interposition of glass did not interfere with the effect. Hodgson and Handley 81 
found no change in the phenylhydrazone of p-nitrobenzaldehyde under similar 
treatment. 4 

Transformation of o-Nitrobenzaldehyde. The nature of the isomerization 
which occurs when this compound is irradiated either as a solid or in acetone 
solution is similar to that described on page 472 for the o-nitrobenzylidene glycols, 
An oxygen atom is removed from the nitro- group and transferred to the aldehyde 
group, forming in this case o-nitrosobenzoic acid. Weigert and Kummerer ® 
showed that the amount of the reaction is proportional to the time of irradiation, 
In experiments in which the intensity was varied, they believed that their data 
indicated a slight deviation from the Bunsen-Roscoe law. When ultraviolet light 
was employed, the rate of the change was independent of the concentration, but 
when violet light was used the rate was at first proportional to the concentration. 

In later work, the quantum yield was found 6 to be 0.5 when the wave-lengths 
4360, 4050 or 3660A were used. To account for this, they developed a special 
theory in which the orientation of the molecules with respect to the electric vector 

une incident light was considered a determining factor. It was suggested that 
Be aster of an oxygen atom to an aldehyde group takes place only when the 

. ¢ vector of the incident radiation corresponds to the line between the nitro- 
lec dehyde groups. It could be shown that only 50 per cent of the molecules 
oat be so oriented as to react. Thus, for these molecules, the quantum yield 
we id be unity, although the observed value was but 0.5. Such a theory lost its ' on *ficanice when it was found that many reactions in solutions have quantum 

elds yarying in exact value, but less than unity. F urthermore, it has been found 

2, come that Weigert’s results 64 showed some variations from the 0.5 which his 
B cory demands, as various wave-lengths were employed. This, however, has 

been denied by Weigert and Pruckner ® after further observations. The value 

af 0.5 has been verified also by Leighton and Lucy °° for 2,4-dinitrobenzaldehyde 

¥ well as for o-nitrobenzaldehyde. They found somewhat higher values in the 
Ba ce! of 2,4,6-trinitrobenzaldehyde.6* These, as well as other recent workers ° 
a ject the Weigert theory, and believe the usual explanations given for low quan- 

tum yields in liquid or solid-phase reactions to apply. Leighton and Lucy related 

the yield of 0.5 to the assumption that the N=O adjacent to the aldehyde group 
must be excited for the transformation to occur. They consider the processes of 
energy exchange between the two N=O linkings. 

Janssen found the absorption spectrum of the vapor of this compound to be 

continuous, implying a primary photodecomposition. Zimmer, who noted the 

compound to be dichroic at 4360 and 4050A although not a mixture of two tauto- 

mers, found it to exhibit no appreciable fluorescence. He believed that the pri- 

mary process produces nitrosobenzaldehyde and an oxygen atom. The latter could 

recombine with the other dissociation product in either of two ways—to restore 

the original compound or to form the nitrosobenzoic acid. The equal likelihood of 

these two processes would account for the quantum yield of 0.5. Kichler and 

Patat © found the quantum yield in the gas phase to be much higher than that in 

solution. At 90°C., it reached 0.75, but could be lowered to 0.5 by the presence 

of 700 mm. nitrogen. \ They did not accept the theory of a primary splitting off of 
oxygen and could find no evidence for the primary formation of oxygen atoms. 

Neither free oxygen nor nitric oxide was formed. They believed the simplest 
explanation of the quantum yields of 0.5 to be a deactivation of some type of excited 

‘molecule, regulated intramolecularly. 

er thay 

Tt was leg 

O- 

~ 

Various other compounds, as has already been indicated, undergo a similar type 
of transformation. ‘TAanadsescu 7° believes all substances which contain the o-nitro- 
benzaldehyde grouping and which are light-sensitive contain a mobile hydrogen 
atom. An example of a light-insensitive compound is o-nitrocinnamaldehyde. 
In this case, according to Koégel, the aldehyde group differs in not being an 

oxygen-acceptor.71 In the presence of pyrogallol as oxygen acceptor, however, 
84 Kothari, C. J., and Watson, H. E., J. Indian Inst. Sci., A14, 11 (1931); Chem. Abs., 26, 378 

32). 4 the nitro- group of this aldehyde, as well as that of o-nitrobenzaldehyde, is light- (19 
55 Jorissen, W. P., and Dekking, A. C. B., Rec. trav. chim., 57, 829 (1938). 

56 Ciamician, G., and Silber, P., Ber., 24, 1430 (1891); 31, 124 (1898); Klinger, H., Annalen, 249 

137 (1888); Bargellini, G., and Monti, L., Gazz. chim. ital., 60, 474 (1930); Chem. Abs., 25, 96 (1931). ome 

57 Angeletti, A., and Baldini, V., Gazz. chim. ital., 64, 346 (1934); Chem. Abs., 28, 5422 (1934). 

58 Angeletti, A., Atti accad. sci., Torino, Classe sci. fis., mat. nat., 70, 326 (1935); Chem. Abs., 30, 
1383 (1936); Atti V Congr. Naz. Chim., 1, 280 (1936); Brit. Chem. Abs., A (II), 196 (1937). ' 

59 Klinger, H., Annalen, 382, 211 (1911); Chem. Abs., 5, 3456 (1911). 

60 Chattaway, F. D., J. Chem. Soc., 89, 463 (1906). 

61 Hodgson, H. H., and Handley, F. W., J. Chem. Soc., 1882 (1928). 

62 Weigert, F., and Kummerer, L., Ber., 46, 1207 (1913); see also Bowen, E. J., Hartley, H., Scott, 

W. D., and Watts, H. G., J. Chem. Soc., 125, 1218 (1924). 

6 Weigert, F., and Brodmann, L., Trans. Faraday Soc., 21, 453 (1926). 

yet F., and Pruckner, F., Z. physik. Chem. Bodenstein-Festband, 775 (1931); Weigert, F., 

Leighton, P. A., and Lucy, F. A., J. Chem. Physics, 2, 756, 760 (1934). 
ee td Secareanu, S., and Lupas, I., Bull. soc. chim., 3, 1161 (1936); Brit. Chem. Abs., A, 

936). 

oy 8 Wegscheider, R., Monatsh., 52, 68 (1929); Janssen, C., Z. physik. Chem., B18, 241 (1932); Zim- 
mer, K. G., [bid., B23, 239 (1933); Bowen, E. J., Trans. Faraday Soc., 21, 523 (1926). 

® Kiichler, L., and Patat, F., Monatsh., 68, 275 (1936); Z. Elektrochem., 42, 529 (1936). 

”Tanasescu, I., Bull soc. chim., 39, 1443 (1926). 
1 Koégel, J., Z. wiss. Phot., 24, 216 (1926); Chem. Abs., 20, 3646 (1926). 
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sensitive. In the case of nitroterephthaldehyde, the maximum quantym a (Cos) 

the transformation into 2,4,1-nitrosoterephthaldehydic acid in acetone go] e? ! 
0.1 in light of the ranges 3740-3251 and 3740-3345A. With light of con 
intensity, the rate of reaction diminishes as exposure continues. It increases ui 

increasing light intensity, approaching a limit. Kogel assumes that before é a 

sure the normal molecules of the aldehyde are in equilibrium in solution witha 

intermediate substance, and that it is this substance which reacts photochemicayy, 

with the normal molecules. This conclusion, which he applies also to o-nitrolill 

zaldehyde, was based upon an observed diminution of the absorption coefficients 

the solution with rise in temperature. This was ascribed to the formation oe 

substance with relatively small absorption coefficients. 

Davies 72 notes that 5-nitro-2-methoxy-3-ethoxybenzaldehyde undergoes » 
change of color or melting point when exposed in pure acetone solution fo, - 
hours to ultraviolet rays. On the other hand, another nitration product (melting 
point 85°C.) of 2-methoxy-3-ethoxysalicylaldehyde obtained by precipitation with 
water rapidly becomes greenish-blue under the same conditions. 7 

2CO i (CHs) sCHOH a (CHs) 3 + (CeHs) 2 —~C- QOH 

| (CeHs)2 - C —- OH 

(CoHs) 2 — © — OH (CHs) 2ecHONa (CeHs) sc + OWNa 

(CoHs)2 i On (CeHs) 2 —C—ONa 

i. - 2(CsHs) CONa + 2(CH:)eCHOH —— 2(CsHs)2— COH + 2(CHs)2CHONa 

. (GH) sCO + (Gis) aGHOH, 

Yield ; 
ution ; 

<— 2 ( CeHs) 2CONa 

4 solution of benzophenone in isopropyl alcohol containing sodium isopropylate 

necomes greenish-blue on exposure to sunlight, the color being characteristic of 

ie sodium ketyl radical. When the solution is protected from light, the color 

4 sappears by the action of the sodium ketyl radical with isopropyl alcohol. Renewed 

axpostire to sunlight restores the color, but when after several days of exposure 

“ll of the ketone has been reduced, the solution has again become colorless. 

In agreement with the observation of Cohen that Michler’s ketone, phenyl-a- 
naphthy! ketone, fluorenone and 4-phenylbenzophenone are not photochemically 

reduced to pinacols, Bachmann found that Michler’s ketone and phenyl-g-naph-_ 

thy! ketone could not be reduced to hydrols in this way. Fluorenone under- 

went a different type of reaction, not photochemical. 4-Phenylbenzophenone, how- 

ever, was reduced nearly quantitatively to 4-phenylbenzohydrol. In the absence of 

‘the alcoholate, it was found to be reduced to the pinacol, 4,4’-diphenylbenzopinacol. 

Several other substituted ketones behaved in accordance with the new mechanism, 

yielding hydrols. These included 4-methylbenzophenone, 4,4’ -dimethylbenzophenone, 

4methoxybenzophenone, 4-chloro-4’-methoxybenzophenone and 4-chlorobenzophe- 

none. The photochemical reduction process as modified by Bachmann 7 is suitable 

for the preparation of benzopinacol. 

of 4s 

AROMATIC KETONES 

Ciamician and Silber 78 showed that when an alcoholic solution of benzo. 
phenone is exposed to sunlight, the ketone is reduced to benzopinacol and the 
alcohol is oxidized to aldehyde. Cohen 7 extended the observations to include 3 
number of substituted ketones and a variety of primary and secondary alcohols 
Boeseken, Cohen and Langedijk 7 gave data on the absorption of benzophenone. 

fluorenone and terephthalophenone for the region 3600 to 4500A and pointed oyt 
that their maximum absorption did not occur in the wave-length region which waa 
photochemically active.’ .. 

To throw light on the nature of the primary reaction involved, Boeseken and 
Visser 77 determined the photoelectric threshold of benzophenone and found it to 
lie between 3025 and 2537A. The absorption band at 2600A would seem, there- 
fore, to correspond to ionization of the molecule, a process unusually encountered 
in photochemical processes. No absorption bands were found in the region of. 

excitation, 4070 to 3800A. r 

Having shown that a small amount of sodium alcoholate can effect the decom- 
position of a large amount of benzopinacol into a mixture of benzohydrol and 
benzophenone, Bachmann 78 combined this reaction with the photochemical reaction 
by conducting the latter in solutions containing a small amount of sodium alcohol-— 
ate. The ketone regenerated in the decomposition of the pinacol into hydrol and 

ketone goes through the photochemical change again, and the series of reactions q 

is repeated until eventually the hydrol is the sole product. In the case of benzo-— 

phenone and isopropyl alcohol, the reactions are: | 

Migita ®° finds that di-p-methoxybenzophenone in alcohol is reduced in sunlight 

~ to the pinacol. 

At 100°C., benzophenone itself, undergoes no change when irradiated for nine 

~ hours by a mercury arc, and acetophenone none after seven hours.8! When 0.1 

molar solutions in hexane or benzene were irradiated, however, benzopinacol 

crystallized out with a quantum efficiency of 0.04. None was formed when the 

solvent was carbon tetrachloride. | 

_ According to Jenkins,8? several ketones of the type CgHsCOCH.C.gH; on 

standing in light and air undergo autoxidation, yielding acids and aldehydes. 

Thus CgH;CH.COC,H,Cl-2 gives benzaldehyde and o-chlorobenzoic acid. 

3 Paternd and Chieffi 8° observed on exposing benzophenone and phenylacetic 

acid in benzene to sunlight for five months that benzopinacol and triphenyllactic 
acid were formed. de Fazi ®4 in repeating these experiments always found pressure 
due to carbon dioxide, on opening the tubes. The reaction of benzophenone with 
butyric acid also produces carbon dioxide. In the case of the phenylacetic acid 
reaction, by opening the tube, removing the crystalline deposit of «8-triphenyl-£- 

hydroxypropionic acid and benzophenone, and restarting the reaction, successive 

72 Davies, W., J. Chem. Soc., 123, 1590 (1923). 

7 Ciamician, G., and Silber, P., Ber., 33, 2911 (1900). 

74 Cohen, W. D., Rec. trav. chim., 39, 242 (1920). 

7 Béeseken, J., Cohen, W. D., and Langedijk, S. L., Rec. trav. chim., 44, 173 (1925); 46, 383 (1927) 

7 For more recent data on the absorption of benzophenone and other ketones, see T’asaki, T., Acti 
Phytochim., 2, 49, 199 (1925); 3, 259 (1927); Anderson, L. C., J. Am. Chem. Soc., 55, 2094 (1933)3 ~ 
Anderson, L. C., and Gooding, C. M., J. Am. Chem. Soc., 57, 999 (1935); Purvis, J. E., J. Chem. © 
Soc., 127, 9 (1925); Rupe, H., Collin, A., and Schmiderer, L., Helv. Chim. Acta, 14, 1340 (1931); — 
Rupe, H., Pedrini, F., and Collin, A., Helv. Chim, Acta, 15, 1321 (1932); Rupe, H., Collin, A., and 
Sigg, W., Helv. Chim. Acta, 14, 1355 (1931); Ley, H., and Wingchen, H., Ber., 67B, 510 (1934). 

7 Béeseken, J., and Visser, G. H., Rec. trav. chim., 47, 1037 (1928); Chem. Abs., 23, 2660 (1929). — 

7% Bachmann, W. E., J. Am. Chem. Soc., 55, 355,°391 (1933). | 

a 

7 Bachmann, W. E., Organic Syntheses, ides York, John Wiley & Sons, Inc., 14, 8 (1934). 

80 Migita, M., Bull. Chem. Soc. Japan, 7, 334 (1932); Chem. Abs., 27,716 (1933). 

81 Bowen, E. J., and de la Praudiére, E., J. Chem. Soc., 1503 (1934). 

8 Jenkins, S. S., J. Am. Chem. Soc., 57, 2733 (1933). ; 

88 Paterno, E., and Chieffi, G., Gazz. chim. ital., 40, II, 321 (1910); Chem, Abs., 5, 2632 (1911). 

8 de Fazi, R., Atti accad. Lincei, 6, 266 (1925); Chem. Abs., 20, 594 (1926); Gazz. chim. ital., 57, 
a 551 (1927); Atti II congr. naz. chim. pura applicata, 1287 (1926); Chem, Abs., 22, 2154 (1928). 
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oper of this mixture could be obtained. The course of the reaction jg belies PHENOLS 
to be: “Vie 

z The rays of the quartz mercury lamp, according to Gibbs,®? color pure phenol 

Sit red, in the presence of oxygen, with remarkable rapidity (about one minute). 
7 ymatol (bismuth subgallate) on irradiation produces a violet-colored pigment 

Bown 2s galloflavin.?? Exposure of 3,4-chloronitrosophenol in ethyl alcohol 4 
ansiorms it into resinous products. 

The m-cresols are said:to color more rapidly on exposure to light and air than 
a Be o- and p-cresols, and gentisic acid and its esters are even more readily colored. 
viktorin 97 finds the oxidation of phloroglucinol by atmospheric oxygen to- evolve 
itraviolet radiations.°8 Schweckendiek °° finds guaiaconic acid, like guaiaretic 
Bad, to be sensitive to light, the sensitivity being increased by the addition of 
a 3 

(CeHs)2CO + CoHsCHsCOOH ——> (CcHs) 2C(OH) -CH (CeHs) -COOH 

2C.-Hs;CH2zCOOH Se CeH;sCH2CH2CeHs = 2COz 7 He 

2(CeHs) 2CO a He aa? (CeHs) 2C (OH) P C(CeHs) 20H. 

The ability of benzylphenylacetate to react with benzophenone was beliey 
account for the fact that only a small amount of this compound could be js 
Irradiation of a similar mixture of phenylacetic acid, benzophenone and benzene 

in a quartz tube by a mercury arc for 100 hours gave no triphenyllactic acigq ann 
only traces of carbon dioxide. Irradiation with a 2000 C.P. Osram lamp, however. 
produced abundant quantities of these substances. Exposure of phenylacetic acid collodion, Zapon lacquer, or a solution of sulfur in carbon disulfide. The product 
alone in benzene to sunlight for six months gave little carbon dioxide and a little ., green and results from an oxidation process. It may be employed as a photo- 

of a yellow. oil. The Osram lamp gave detectable quantities of carbon iii sraphic process, the green image being fixed with a mixture of ammonium acetate 
24 hours. After 280 hours, there were fairly large quantities of gas and soni 9 

and benzene. 

Cape esse DRC es SLU cae Matt 8 q Aside from these scattered observations, little definite seems to be known 

| 4,4’-Tetrachlorodimethylbenzophenone is very sensitive to light and is trans regarding the photochemistry of the phenols. There is, however, much data on 
formed by it into a plastic mass.8° A similar behavior was observed in the case their absorption spectra. Indeed, by measurements in solutions containing various 

of 4,4’-di(hydroxymethyl)benzophenone. The N-alkyloximes of benzophenone amounts of added alkali, it is possible to determine the dissociation constant of 
also resinify and decompose rapidly in ultraviolet light.8° -o-Nitrophenylethy. ‘phenol by the changes in its absorption spectrum.1 | 

ketone loses a molecule of water on irradiation and gives a substance with acidic q 
properties, which melts about 300°C.87 | , 

After a week in direct sunlight in a sealed glass tube, an alcoholic solution of >. 
o-benzophenonecarboxylic acid yielded the dilactone of tetraphenyldihydroxyethane. _ Because of their importance for theories of color, the visible and ultraviolet 

dicarboxylic acid. Similar reactions were given by p-tolyl-o-benzoic acid and ‘absorption spectra of the quinones, especially benzoquinone, have been much inves- 

acetophenone-o-carboxylic acid.88 Straus, Muffat and Heitz 8° noted a reaction 
whereby 1-phenylpyrazolines are obtained by the action of phenylhydrazine on 

ed to 

Olateq 

QUINONES 

tigated. This topic, however, lies beyond the scope of this work. Benzoquinone 

as vapor exhibits a region of fine band absorption from 4800 to 4200A, one of 

certain aromatic ketones, owing to the extraordinary ease with which the hydra narrow bands between 3100 and 2600A, and a continuous region at shorter wave- 

zones first formed rearrange. Tengths.1* 
From an investigation of diketones, Porter, Ramsperger and Steel 9° find that 

under the influence of ultraviolet radiation, benzil in the vapor state is decomposed 

a 

Guyot, R., Bull. soc. pharm. Bordeaux, 66, 18 (1928); Chem. Abs., 23, 4015 (1929). 
f ‘ : ° ; _ Hodgson, H., and Kershaw, A., J. Chem. Soc., 1553 (1929). Some data on the effects of various 
into carbon monoxide and benzophenone when the temperature is 200 C. or more _ wave-lengths on the ea in of d-catechin in the presence of a complex cobalt salt have been recorded 

In dilute alcohol, in the absence of air, it is partly hydrolyzed to benzoic acid and _ by este and Goda.% | 

benzaldehyde, but a portion of it is reduced by the alcohol to benzoin. In aqueous hai and Goda, Iwata Inst. Plant Biochem., Publ. 2, 175 (1936); Brit. Chem. Abs., A, 808 

alcohol in contact with air, it is converted into benzoic acid. Further oxidation % Gibbs, H. D., Williams, R. R., and Pratt, D. S., Philippine J..Sci., 7, 79 (1912). 
of the latter gives some salicylic acid. 

Gibbs, H. D., J. Am. ‘ren Soc., 34, 1193 (1912). 

+ Viktorin, O., Chem. Listy, 29, 245 (1935); Brit. Chem. Abs., A, 7 (1936). 

In a method of making photographic prints, the sensitive layer may contain a colorless inorganic 
_ oxidizing agent such as nitric acid or lithium nitrate, and a cyclic organic amino- compound such as 
_ aminophenol, benzidine, dianisidine, etc. These compounds are sensitive only to ultraviolet light which 
_ produces colored compounds. After exposure, the unexposed portions may be washed out with water 

or other solvent, the colored product being insoluble. - British P. 413,093, April 20, 1933, to N. V. 
_ Philips’ Gloeilampenfabriken. Brit. Chem. Abs., 1934B, 813. 

% Schweckendiek, C., Diss., Giesen, 1927; Brit. Chem. Abs., A, 1041 (1927). 

100 Stenstrém, M., and Goldsmith, N., J. Phys. Chem., 30, 1683 (1926); Stenstrém, M., and Reinhard, 
MJ. Phys. Chem., 29, 1477 (1925); Job, P., Compt. rend., 186, 1546 (1928). For other data on the 

| absorption of phenols, see Kepianka, E., and Marchlewski, L., Bull. soc. chim., 35, 1613 (1924; Val- 
- yashko, N. A., J. Russ. Phys.-Chem. Soc., 58, 779 (1926); Chem. Abs., 22, 949 (1928) 3 Purvis; J. BE. 
_ Proc. Cambridge Phil. Soc., 23, I, 588 (1927); Conrad-Billroth, H., Z. physik. Chem., 208, 222,-°227 

#1933) ; Savard, J., Ann. Chim., 9, 287 (1929); 11, 287 (1929); Compt. rend., 188, 782 (1929); Lam- 
§ i brechts, A., Compt. rend., 198, 1852 (1934); Kepianka, E., and Marchlewski, L., Bull. mtern. acad. 

Benzilic acid is not formed in solutions of benzil., The decomposition products” 

of benzilic acid, namely, benzopinacol in the absence of oxygen, and benzophenone | 

and benzopinacol in its presence, were never found in the exposed benzil solutions. — 

Marchlewski and Wyrobek % find benzil to absorb strongly with a maximum at 

Zo90A; |, ) 

85 Connerade, E., Bull. soc. chim. Belg., 43, 447 (1934); Chem. Abs., 29, 768 (1935); Bull. soc. chim, 

Belg., 42, 311 (1933); Chem. Abs., 27, 507 (1933). 
86 Martynoff, M., Ann. chim., 7, 424 (1937); Chem. Abs., 31, 4973 (1937). For anisalacetophenone, 

see Stobbe, H., and Hensel, A., Ber., 59, 2254 (1926). ct 

8? TAndsescu, I., and Tandsescu, E., Bull. soc. chim., 3, 865 (1936). 

88 Limaye, D. B., J. Univ. Bombay, 1, Pt. 2, 52 (1932); Chem. Abs., 27, 2097 (1933). | 

8° Straus, F., Muffat, C., and Heitz, W., Ber., 51, 1457 (1918). 7 

90 Porter, C. W., Ramsperger, H. C., and Steel, C., J. Am. Chem. Soc., 45, 1827 (1923). 

®1 Marchlewski, L., and Wyrobek, O., Bull. intern. acad. Polonaise, 93, 1929A; Chem. Abs., 23) 

5405 (1929). 

7 

g 

4 

_Polonaise,—75,_1926A; Bull. soc. chim., 39, 1368 (1926); Goslawski, W., and Marchlewski, L., Bull. 
: Intern, Acad. Polonaise, 383 1931A; de Boer, J. H., and Custers, J. F. H., Z. physik. Chem., 25B, 
q 238 (1934); Eisenbrand, J., and von Halban, H., Z. physik. Chem., 146, 30, 101, 111 (1930); Saint- 
_ “axen, A., and Dureuil, E., Compt. rend., 197, 1411 (1933); Marchlewski, L., and Wyrobek, O., Bull. 
_ tern. acad. Polonaise, 93 1929A. 
ett L. and ~“Rosenbohm, a fae Physik, 38, 61 (1926); Light, EM Zz. physik. Chem., 122, 
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Benzoquinone in light effects the oxidation of various alcohols. 7 

Forbes 192 found that when water was also present in large amounts 
exhibited an induction period during which a dimer of the quinone 
to be formed. When the solvent was 50-per cent alcohol, there was 

Leighton ‘ » the reacti, 
Was believe nO inhibition 

-.. lic Acid. Little is known of the photochemical behavior of this 

salicy nt (but not ultraviolet light) is said to darken the pharmaceutical solu- 
F codium salicylate containing sodium bicarbonate. This probably consists 

4 with the formation of quinones.111_ Methyl salicylate becomes col- jge] 

° eal 2 ‘dation e e e . 

With wave lengths shorter than A350A, they found the quantum yield to pe F) wv a osure to air and sunlight, the tint varying from light yellow for short 
in alcohol and in aqueous alcoholic solutions. It was independent of the wal ad on CXP eddish-brown for protracted ones.1!2 

° e e e A a e . S to o % rs : e e ° ° 

ae a acl glee Se ERS En es consenat eee With lon a Sas been proposed to use such aryl azides as azido-salicylic acid (prepared 

wave-lengths the quantum yields decreased, indicating the existence of a thresho,, It n of sodium azide on diazosalicylic acid) in photographic processes. 

Sees eet aber Roop band sis) Mao scen cen aC NG ack aa was decreaseg of the material incorporated in gelatin and exposed under a negative 
the threshold was displaced toward shorter wave-lengths. These Investigator layet Ber ich the unchanged azide may be eatadeadiiis 

suggested that every absorbed quantum might produce activation, the o a ‘ms a dye; : 
b > 

° ° bs {- 

quantum yields being lowered by a secondary reaction which has an efficieney 
: 8 

but 50 per cent. Recently, these results have been challenged by Berthoyg a 

Porret 193 who observed quantum yields of unity at 4050, 4080 and 43604. Ther 

found the rates to be independent of the quinone concentration and temperature 

Of 22 anils known to be phototropic, 15 were said to be derivatives of salicylal- 

i... Recently Brewster and Millam114 have added three, one a derivative 

oalicylaldehyde and the other two of 5-bromosalicylaldehyde. 

| Mandelic Acid. This acid can be oxidized by methylene blue by wave- 

| the range 2540 to 4360A if uranyl nitrate is employed as photosensitizer. 

The rates decrease slowly with decreasing alcohol concentration, and are propa. lengths in , 11 ; ’ 
: tae : Ae , sia Opor- % 115 ted UO,’ 

tional to the light intensity. Similar results were obtained with isopropyl ales pine mechanism oes ene Se one aloes cree poset nek 

The oxidation of ferrous sulfate by benzoquinone, but not the reverse process ons yield i ied ATE i awnre dnd teLtIO” aa The eae tetede stita 

is sensitive to light. It proceeds with a quantum yield of unity at 4050, 4080 4 4 ¢ penzaldehy fe CkvO , 
nd aA | 1 to the 

4360A and is independent of the temperature and concentrations of reactants 104 xygen atom from water, the hydrogen of which reduces methylene blue to 

Yeuco-compound. Oxygen restores the methylene blue, and light excites the uranyl 

-. co that the processes maybe repeated. 

Phthalates. When lead phthalate is exposed in a small quartz crucible 

o ultraviolet rays, the outer layer decomposes rapidly with the formation of a 

yellowish-brown substance of unknown composition, but probably containing lead 

“wide. Under the same conditions mercury phthalate is unaffected.116 

Jaeger 117 claims the decarboxylation of polycarboxylic acids, for example, the 

conversion of phthalic into benzoic, by subjecting them at 300° to 420°C. inthe 

presence of reducing gases (hydrogen or water gas) to various types of electrical 

discharge, ultraviolet light, cathode rays or x-rays. 

For refining liquid alkyl esters derived from acids produced by the catalytic 

‘oxidation of aromatic hydrocarbons, such as dibutyl phthalate, so that distillation 

of the ester is rendered unnecessary, and its color improved, the material may be 

‘exposed to the action of ultraviolet light.11® | 

~ An alcoholic solution of 2,4-dihydroisophthalic acid, which appears to react as 

a quinone derivative, forms acetaldehyde in sunlight.” 

_ Although terephthaldehyde is very stable in the solid state and in solution in 

benzene in darkness, Suida 12° finds that its solution undergoes rapid atmospheric 

oxidation when irradiated by a mercury lamp, a white crystalline deposit being 

formed. This consists of terephthaldehydic acid to the extent of “roughly two- 

thirds, the remainder being terephthalic acid. The solution from which the crystals 

have separated gives a peroxide reaction with acidified potassium iodide solution. 

AROMATIC ACIDS AND THEIR DERIVATIVES 

Benzoic Acid. Kailan1°5 found ultraviolet irradiation of aqueous oly. 
tions of benzoic acid to yield reducing substances, formic acid and oxalic aciq 
The velocity of the formation of these substances increased as the square of the 

concentration. Alcoholic solutions are esterfied 1°° to the : 

eight days. The rate is promoted by the presence of a trace 
On exposure to acid and sunlight, the esters of the three hydroxybenzoic acids 

color more rapidly than the free acids; the meta compounds are the most rapid: | 
changed; the para compounds are practically unaffected.107 

Decomposition of acetylbenzoyl peroxide by ultraviolet light yields carbon 
dioxide, toluene, methyl benzoate, methane, phenyl benzoate and complex mate- 
rials of acid and neutral character.49° Possibly hydrolysis occurs, the necessary 

water being liberated in the formation of the complex materials. qi 

‘3 

7 

a 2CH,.COO.COGH; + H.O ——> C:HsCOO:COC-H; +'CH:COOOH + CH:COOR 

Fichter and Schnider 199 found the decomposition of dibenzoyl peroxide in 

ultraviolet light to yield about 80 per cent of the theoretical quantity of carbo 1 

dioxide and diphenyl. The residue, an amorphous resin, was not characterized. 

Absorption of potassium cyanide by benzaldehyde in the benzoin condensation 

is unaffected by irradiation. Benzoin, however, is converted into a viscous 

resin by irradiation, the process being favored by an increase in temperature i. ‘1 Krantz, J J. Am. Pharm. Assoc., 17, 1203 (1928); Liberalli, C. H., Bol. assoc. brasil. 
: mre C;,-jr., 

102 Tie} . so ee _ farm., 16, 154 (1935); Chem. Abs., 29, 5989 (1935). 
af None s sea eae G. S., J. Am. Chem. Soc., 51, 3549 (1929); for the actinometric u EeGtocemer. R. and Ladewig, H., Ber., 47, 1803 (1914). 

108 Berthoud, A., and Porret, D., Helv. Chim. Acta, 17, 694 (1934). Z U8 British P. 333,820, Nov. 3, 1928, to Kalle and Co. Brit. Chem. Abs., 1930B, 1092. 

104 Porret, D., Helv. Chim. Acta, 17, 703 (1934). ; a _ 74 Brewster, C. M., and Millamy L. H., J. Am. Chem. Soc., 55, 763 (1933). 

105 Kailan, A., Z. physik. Chem., 95, 215 (1920); J. Chem. Soc., 118, ii, 576 (1920). _ 45 Ghosh, J. C., Narayanamurthi, D. S., and Roy, N. K., Z. physik. Chem., 29B, 236 (1935). 

108 Stoermer, R., and Ladewig, H., Ber., 47, 1803 (1914). 16 Ekeley, J. B., and Banta, C., J. Am. Chem. Soc., 39, 762 (1917). 

107 Gibbs, H. D., Williams, R. R., and Pratt, D. S., Philippine J. Sci., 7, 79 (1912). a Jaeger, A. O., U. S. P. 1,909,357, May 16, 1933, to Selden Co.; Brit. Chem. Abs., 1934B, 87. 

108 Fichter, F., and Willi, E., Helv. Chim. Acta, 17, 1173 (1934). ee Smith, F. D., U..S. P. 1,948,281, Feb. 20, 1934 (to Monsanto Chemical Co.); Chem. Abs., 28, 

: ; 2725 (1934) 
109 Fichter, F., and Schnider, A., Helv. Chim. Acta, 13, 1428 (1930). 149 a ; 
110 Bousset, R., Bull. soc. chim., 2, 309 (1935). Marzin, A., J. prakt. Chem., 138, 107 (1933); Chem. Abs., 27, 5317 (1933). 

1220 Suida, H., Monatsh., 33, 1173 (1912); J. Chem. Soc., 104 (i), 52 (1913). 
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The oxidation is not accelerated by the presence of nitrobenzene, which, indall 
exerts a hindering effect. A comparison with benzaldehyde seems to indicate aa 
assuming the supply of oxygen by diffusion to be more than sufficient, the aaa 
tion velocity of each aldehyde group in terephthaldehyde is considerably di ie 
ished by the presence of a similar group in the para position. Spectrogrant 
examination indicates that the effective rays are those of wave-lengths bell q 
4000 and 3000A, but yellow and red light can cause the oxidation to occur, althouil 
only very feebly. a 

Cinnamic Aldehyde and Cinnamic Acid. These compounds exhibit inte. 
esting photochemical reactions because, in addition to the features common tg . 
aldehydes and acids, the presence of a double bond in the side chain offers y 7 possibilities of polymerization and stereoisomerization. Cinnamic acid, in alcohgl 

5 attained. The number after each of the following compounds 

jfibriu™ hg ercentage of the less fusible form which, at equilibrium, has been 
resents _° ‘ethyl-o-nitro-o-methoxycinnamate, 80; p-methoxycinnamic acid, Vai 

nsformed : i cinnamate, 10; o-anisylcinnamic acid, 35-40; o-anisylcinnamide, 7 Q; 5 Me eihylamide, 36; and the corresponding ethylamide, 40; B-o-anisyl- 

snisyicinnam® ‘c acid, 5, and the corresponding amide, 5; the form of cinnamic 

iw ao AOC. 30-40. In the case of o-chlorocinnamic acid, when glacial 

id ie ' employed as solvent, it was observed that, in addition to the expected 

setic pelle part of the acid combined with the solvent. 

Bien ‘daylight or sunlight, rather than the light of the mercury arc is used, 

vat acti | rmation of dimers 129 although Benerization reactions also occur with the fo 
i ‘ts Le i i nlight or mercury arc light. Fused cis-cinnamic solution, exhibits one broad absorption band with a maximum at 2710A. Hydro merization a eee ike trans form "Shek 96 hours of mercury arc cinnamic acid, however, in aqueous solution, shows two bands with maxima a sid is transformed ¢ 

2670 and 2580A,121 
In sunlight, cinnamic aldehyde reacts with quinone as do other aldeh 

Bargellini and Monti 122 exposed 10.8 gm. of quinone and 13.2 gm. of cin 
aldehyde in 100 cc. of benzene in a sealed tube for one month. The quinon 
reduced to hydroquinone and the aldehyde oxidized to cinnamic acid. These ty, 
products then combined, the reaction being analogous to that between phenanthrene 
quinone and certain aldehydes described by Klinger.123 According to Stoerme 
and Ladewig,!24 in the presence of a trace of hydrochloric acid, cinnamic acy 
reacts with alcohol when irradiated, as much as 37 per cent being esterified ;, 
eight days. a 

When thin layers of finely powdered o-nitrocinnamic acid are exposed to sun 
light, a red substance melting at 120°C. is produced. It is probably hydroxyisato 

CH OH | Sap ee Ff C-COOH. This is another 125 example of a type of reactioy 
\noZ | | 

ston, Similarly, a-frans-cinnamic acid, fused or in solution, isomerized to 
ee brium mixture. For this change, radiations of wave-length 3200 om 

Bes ace most effective. The reaction is greatly accelerated by the addition of 

tedrochloric acid. 
.. the solid acids or their aqueous suspensions are exposed to sunlight, he 

. is accompanied by polymerization ; a-trans-cinnamic acid yields mainly 
change r g-truxillic acid with a little B-truxinic acid. Allo-cinnamic acid (cis) 

A. i. its polymetization product chiefly Q-truxinic acid, together with the 

y aw ization product frans-cinnamic acid and its dimer, a little a-truxillic acid. 

= Biter change took place to the extent of 71 per cent after 196 hours in sun- 

4 i but after 200 hours of the mercury arc irradiation only to the extent of 4.4 

lig ent Very similar results were recorded for the polymerization of the trans 
ed Poke ultraviolet rays accordingly favor polymerization, but the shorter on 

hinder it and exert a depolymerizing action on truxinic and truxillic acids. Eac 

dimer when irradiated by the shorter radiations depolymerizes to the monomer 

“from which it is originally formed by the longer rays. ae 

The metastable @-form of trans-cinnamic acid is much more readily isomerized 

- than the stable a-trans-cinnamic acid which therefore yields on polymerization 

but little B-truxinic acid and much g-truxillic acid. | : 

Experiments of this type are further complicated by the fact that some autoxi- 

dation to benzaldehyde and in some cases to benzoic acid also occurs. On long 

illumination of trans-cinnamic acid the yield of the dimer, a-truxillic acid, decreases | 

and that of benzaldehyde increases. Analogous results are obtained in the irradi- 

ation of cis-cinnamic acid. rs 

Stobbe and Zschoch 1°° found that the monomeric trans-cinnamic acid in 0.0001. 

alcoholic solution absorbs light strongly, although its saturated dimer, g-truxillic 

acid, is almost completely transparent and begins to absorb only in a 40-mm. layer 

of a 0.001N solution. In a 10-mm. layer of 0.01N solutions, its end absorption 

begins at a wave-length about 600A units shorter than that of the monomer. This 

difference in absorption accounts for the differing effects of longer and shorter 

ultraviolet radiations on polymerization and depolymerization. These compounds 

do not fluoresce. 

The quantum yields for the isomerization by the 3130A line have been found to 

ydeg 

Nami¢ 

© was 

genic acid, C,H 

frequently encountered. 
The presence of a double bond in the side chain of cinnamic acid permits the 

existence of cis and trans forms. Photochemical changes may consist of either g 
stereoisomerism or a polymerization of either form to a dimer. This, together 
with the fact that allo-(cis)-cinnamic acid 1252 js trimorphous, having forms melt 
ing at 42°, 58° and 68°C., makes the photochemistry of this compound an intri- 
cate subject which has been much investigated, with confusing results. Since the 
matter is rather highly specialized, space does not permit a complete discussion. 

Stoermer 127 showed that ultraviolet light changes the less fusible stable to the 
more reactive labile forms. The extent of the transformation was thought to be 
dependent upon the energy differences between the steroisomers. Many deriva- 
tives of cinnamic acid were studied 128 and it was believed that in most cases ant 

#1 Marchlewski, L., and Wyrobek, O., Bull. acad. Polonaise, 331 (1929); Chem. Abs., 24, 3711 (1930 ). Ley, H., and Dreinhéfer, R., Z. wiss. Phot., 29, 134 (1930); Ramart-Lucas and Trivédi, R., Compt. 
vend., 195, 783 (1932); Purvis, J. E., J. Chem. Soc., 780 (1927). 3 

12 Bargellini, G., and Monti, L., Gazz. chim. ital., 60, 474 (1930); Chem. Abs., 25, 96 (1931). . 
8 Klinger, H., Annalen, 249, 137 (1888); 382, 211 (1911); Ber., 24, 1340 (1891); 31, 1214 (1898). 

In most of this work many of the quinone reactions followed a different course. 
124 Stoermer, R., and Ladewig, H., Ber., 47, 1803 (1914). 

125 Tanasescu, I., Bull. soc. chim., 41, 1074 (1927). 

12a The ordinary trans-cinnamic acid melts at 133°C. 

6 de Jong, A. W. K., Chem. Weekblad, 26, 270 (1929) has compiled a large number of references 
regarding the effects of sunlight on the cis- and trans-cinnamic acids. 

127 Stoermer, R., Ber., 42, 4865 (1909); J. Chem. Soc., 8 (ii), 114 (1910). 
128 Stoermer, R., with Frederici, Brautigam and Neckel, Ber., 44, 637 CUPL ie 9s 

i 25 (1922). =a ., 52B, 666 (1919); Stobbe, H., and Steinberger, F. K., Ber., 55B, 22 
See ae aed 7K. oN K., Son Abs., 16, 2683 (1922); 6, 2746 (1912); Stocrmer, < and 
Scholtz, F., Chem. Abs., 15, 1888 (1921) and Stobbe, H., and Lehfeldt, A., Ber., 58B, 241 ( ; 

180 Stobbe, H., and Zschoch, F., Ber., 60B, 457 (1927). 
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r Fad forward reaction showed a gradual increase with time indicative of an be as follows: Cinnamic acid, 0.003 molar, 0.61; 0.002 molar, 0.53; isocinnamie J This was observed only when freshly prepared solutions were used. j 
2 iS ‘ iO él. / 

e 

0.003 molar, 0.21; 0.002 molar, 0.15.18 to” P Eas iodine concentrations the rate constant passed through a Hagens 

a the constants decreased with increasing initial concentrations of the com 
Various derivatives of cinnamic acid are subject to similar transformations, s j he values of were proportional to the intensity of the light (5000A). A quantum yield observed methyl trans-cinnamate to be converted to a small extent by six tobbe | i and Green light was most effective, then blue, yellow and red pee 

exposure to sunlight into methyl @-truxillate (2.9 per cent) derived from the Re S ago Wee a highest in methanol, and decreased in other solvents in the order eee , 
and 0.2 per cent of Liebermann’s polyester formed from portions which had bes Id eg rhe rates Ph anol and water, and mixtures of chloroform and methanol. In ch ae 
by the heat of the sun. The remainder was unchanged. trans-Cinnamide wae Melt axtures ° tes were very low in comparison with those in_ solutions pear oe é 
months converted into @-truxilldiamide to the extent of 75 per cent. trans-Cinna a sym the ae For benzene or chloroform as solvents Ghosh, Murthi and _ maa 
remains unchanged after six months’ exposure in the solid state or suspended in a ydroxy! sro Bienesied the following reactions as entering the mechanism, in whic 
chloric acid. allo-Cinnamic anhydride is converted into a mixture o ydr Sup Be the io.acid employed and B the normal acid formed. : ; ; ea f 80 Per cent fray sur and 20 per cent allo-anhydride without the production of 8-truxinic anhydride, but +, eprese sib 

. BES i een tft Me 9 

I+A——7 IA 

cinnamic anhydride remains unchanged, aside from slight resin formation. Cinna 

hyde, after eight months in sunlight, yields a mixture of 60 per cent unchanged aldeh q 
33 per cent cinnamic acid and 7 per cent polycinnamaldehyde, apparently yd A : ; : ‘ ? 2 a tetrame Tak. which does not yield an oxime or react with ammoniacal silver nitrate or Sam Teo? reagent. At least 91 per cent of @-bromocinnamic acid remains unchanged after - Sia erent 2 months in sunlight or 375 hours in the light of a mercury vapor lamp; the remaind, is converted by autoxidation into oxalic acid, benzoic acid and free bromine. No pol ig 
ization or resin formation occurred. Gulland and Virden** find the yellow y 4 
2-amino acid obtained by the reduction of 3,4,2',9'-tetramethoxy-2-nitro-trans-a-pheny| cinnamic acid, in alcoholic solution to give after several days in ultraviolet light, 7,89" te 
tetramethoxy-3-phenylcarbostyril. The action of ultraviolet light on the sodium saltag trans-2-nitro-3,4,2',5’-tetramethoxy-a-phenylcinnamic acid gives a small yield of 
cis form. 

o-Hydroxycinnamic acid is oxidized by peracetic acid in darkness to ci$-cis-muconj acid in very small amount; in light a more or less complete isomerization to the trang. trans acid occurs.”* cis-cis-Muconic acid, in 96 per cent alcohol with a trace of iodine is almost quantitatively rearranged into the trans-trans compound. i 
_ Acids containing the cinnamylidene residue and their nitriles have also been exten 

sively investigated. Solutions of a-phenylcinnamylideneacetonitrile in benzene or chloro 
form in either the presence or absence of iodine in sunlight form two dimers, one melting at 197°C. and the other at 215°C. The former is 1,3-diphenylcyclobutane-2,4-diatropo- nitrile, also called 1,3-diphenyl-2,4-bis- (8-phenyl-8-cyanovinyl) cyclobutane: a 

IB+A——-I+B+B. 

. {so find that the rate constant increases with the light intensity, at ie and 
They @ e slowly; it also varies with the square root of the energy absorbed. Ye 
eer Porlander and Gieseler find that exposure of a solution of the sodium salt o 
gnetrans-p-methoxycinnamy ideneacetic 28 ee Pa Hee Se are 

none | i i f acids), melting a - . ey 2C- 

of ae Be cncee regener . ait ee acid be their benzene solutions | with 

itively. re exposed to sunlight, Under these conditions, allo-p-methoxycinnamylidene- 

oo iid is converted into the trans-trans form. Cinnamy lidene-m-nitroacetophenone 
.. a 10-per cent chloroform solution after 15 days in sunlight or 12 hours in u tal 
-yiel q from a mercury lamp, a/sémisolid substance which slowly forms a resin with a 

Scere like that of colophony."" -In this core abae: it differs from cinnamylidene- 
i . action of light. 

oe diner an detent to mee insoluble, noncrystalline products on os 
a to light when exposed in a layer with shellac and a basic dye has led Seymour 
to propose its use in photographically printing dyed relief images. 

The photochemical addition of bromine to a-phenylcinnamonitrile 145 ynder con- 

ditions of slight absorption of light proceeds at a rate proportional to the square 

- yoot of the intensity and to the 1.5 power of the bromine concentration. Under ee 

ditions of total absorption, it is proportional to the square root of the intensity an 

to the bromine concentration. The temperature coefficient is. 14... Ihe dibromide, 

~ once formed, can also be photochemically decomposed in the presence of bromine, 

_ which acts as a sensitizer. The rate is retarded by the presence of a large excess 

of the nitrile. ? oof 

} Halogenation of Cinnamic Acid. The rate of photobromination of ann 

acid is dependent upon the form of the acid employed. The thermal rate for allo- 

cinnamic acid, melting at 68°C., is increased five-fold by yellow light, but that of 

the ordinary acid (melting 133°C.) is increased forty-fold.146 In darkness, the 

CHCeHs 
CA CeCskis = CH CH< WH, D> Gh- CE = C-(CsHs) CN. 

The isomerism. of the two dimers may be of the cis-trans type, depending on a difference 
of location of the phenyl and. cyano- groups at one or both of the double bonds of the 
side chain, since on treatment ‘with permanganate both yield @-truxillic acid. aa 

According to Lohaus,® exposure of a solution of the stable ethyl cinnamylidenecyano- 
acetate in ethyl alcohol in the presence of a little sulfuric acid gives after one day in 
sunlight a labile form. Further exposure of the crystalline material recovered yields a 
cyclobutane derivative previously described by Reimer (1911, 1913). In the absence of 
sulfuric acid, however, the original compound polymerizes to an open-chain dimer, 
melting at 165°C. The labile form of ethyl cinnamylidene cyanoacetate is rapidly con- 
verted into its stable form when its alcoholic solution, containing iodine, is exposed to 
sunlight in quartz vessels. } 

allo-(trans,cis) -Cinnamylideneacetic acid is converted into the normal (trans-trans) 
form by irradiation of its solutions in the presence of iodine." Equilibrium is attained 
when 90-per cent conversion has been effected, this equilibrium being independent of the 
concentration of iodine and the intensity of the light and but little dependent on the 
temperature. Constant unimolecular rate constants could be obtained when concentra- 
tions of iodine greater than 0.024N were used, but at lower concentrations the rate. 

188 Ghosh, 7. <., Das Gupta; D. N., Roy, .N. Cand Chatterjee, H. K., J. Phys. Chem., 34, 2771 

(1930). | : 
189 Ghosh, J. C., Murthi, D. S. N., and Das Gupta, D. N., Z. physik. Chem., B26, 255, 267 (1934). 

“140 Vorlander, D., and Gieseler, K., J. prakt. Chem., 121, 247 (1929); Chem. Abs., 23, 3912 (1929). 

14 Giua, M., Gazz. chim. ital., 55, 567 (1925); Chem. Abs., 20, 749 (1926). 

12 Stobbe, H., and Riicker, C., Ber., 44, 869 (1911); Chem. Abs., 5 2253 .(1911). en 

“3 Seymour, M. W., U. S. P. 2,063,348, Dec. 8, 1936, to Eastman Kodak Co.; Chem. Abs., 31, 

(1937). ‘ me | 
J 144 For a study of the photodimers of cinnamalmalonic acid, see Stobbe, H., Hensel, A., and Simon, W., 

_ J. prakt. Chem., 110, 129 (1925). 
145 Berthoud, A., and Nicolet, G., Helv. Chim. Acta, 10, 417 (1927) ; J. chim. phys., 25, 40 Hee 

146 Meyer, J., and Pukall, W., Z. physik. Chem., A145, 360 (1929); see also Padoa, M., and Vita, N., 

Gazz. chim. ital., 58, 3 (1928). 

181 Vaidya, B. M., Proc. Roy. Soc., A129, 299 (1930). 
182 Stobbe, H., Ber., 58B, 2859 (1925): Chem. Abs., 20; 1612 (1926). 
183 Gulland, J. M., and Virden, C. J., J. Chem. Soc., 1478 (1928). 
184 Grundmann, C., and Trischmann, H., Ber., B69, 1755 (1936); Chem. Abs., 30, 6354 (1936). 
135 Stobbe, H., and Kuhrmann, F., Ber., 58B, 85 (1925); J. Chem. Soe., 128, I, 253.-(1928). 
186 Lohaus, H., Annalen, 514, 137 (1934); Chem. Abs., 29, 1796 (1935). 
187 Ghosh, J. C., and Mitra, M. N., J. Indian Chem. Soc., 3, 273 (1926); Brit. Chem. Abs., 1927A, 560. 
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rate of bromination of the allo-acid melting at 58°C. is greater than ‘ concentrations and low temperatures. They believed that this reaction 
that of th 

melting at 68°, but the form melting at 42°C. is more rapidly brominated tha e fo: m . example of an energy chain Serried by activated brn oa a 
of these. These differences led Meyer and Pukall to regard the three for cith ms ther in diffuse sunlight at —10°, cinnamic aldehyde adds the 

allo-acid as isomers, unexplained by ordinary stereochemical conce of t] et 3 ¢ bromine, but in brighter light, substitution also occurs. trans-Cinnamic 
ount Ra ticht added practically the theoretical amount.1°? m-Methoxycinnamic 

Sg Piling carbon tetrachloride gave a,@-dibromo-Z, 3-methoxyphenylpropi- 

id d. In darkness in acetic acid, there is a quantitative yield of the 6-brom- 

Pts, rather the 
S by the ugamm 
nnamic acid, py. 

as polymorphs. They were unable to obtain constant rate value 
yellow, blue or yellowish white light and the 133°C. ordinary ci 
with red or green light found the reaction to be bimolecular. 

qd jc acl ; . ens ; oe ‘ ara os 
Yajnik and Uppal 147 found that, for equimolar concentrations of bromine q a B ive of the cinnamic acid and this is also formed ' eee eee 

cinnamic acid in either carbon disulfide, carbon tetrachloride or chloroform an Beh In boiling chloroform, a mixture of the two Be i S eee oe en 
formula for unimolecular reactions gave sufficiently constant values for the a aults are found with the ethyl ester in these solvents. 6-Brom-derivativ 
constant. A temperature coefficient of 2.8, increasing with the wave “7 F shoxycinnamic acid, on bromination in carbon tetrachloride in sunlight give 

setae promo-derivative of the propionic acid. o-Bromo-m-methoxy-allo-cinnamic 

ad is transformed into a-bromo-m-methoxycinnamic acid (the trans form) by 

-length Us i j 
was observed by Ghosh and Purkayastha,!48 who found the velocity coeffician 
independent of the concentration of bromine. It increased with the initia] condi 

tration of the cinnamic acid and varied as the square root of the intensit a antigit: ; . ; : . dent blue light. For green light, the increase was greater. They found that eal ee the chlorination of éinnamic acid, Basu? tye? 5 carbon ecmecns 
was an induction period and an after-effect, from which they assumed the existence xposed to the full radiation from a quartz lamp, ali Ze. p ee ie ses 
of a complex intermediate. Excited bromine molecules were considered to full constant of 3.8 Xx 10-°; with respect to chlorine. It was unaffec pe y ene 3 te 
tion in the mechanism. One quantum of light was observed to form 426 molecule, he cinmamic acid concentrations. In darkness, there was ete an Ks ie 5 
of dibromophenylpropionic acid in one experiment. Other values were, in carhor At the wave-lengths 3665, 4040 and 4360A, the quantum yields ae irene 
tetrachloride, 22 at 5330A and 43 at 4880A, and in carbon disulfide, 101 and 15¢ tace no fluorescence could be observed, asu proposed fees ea ae ih FI 
respectively. Berthoud and Béraneck 149 believed the velocity in carbon tetra, f the chlorine atoms produced in the primary process, ee oF CxCT . O ei he 
chloride to be affected by an unknown catalyst, the effect of which they could no sarriers of the chains. The chain length was thought to depend upon ot : 
completely eliminate. They differed from the Indian workers in finding the reac energy associated with the intermediary monochloride of cinnamic = a pe 
tion independent of the concentration of acceptors, such as cinnamic acid. Witt ud and Porret aa believed this reaction to follow the same laws as t " Pp ; 5s 
strong absorption, it was nearly first order with respect to bromine, but with weal hromination. ‘The life of a reaction chain was considered to be less than on 
absorption, it was of 3/2 order. The quantum yield was about 36 with a violel second. The quantum yields varied with the experimental conditions, ae ; 
filter and 10 with a green filter. Rotating sectors, transmitting 50 and 25 per cent in one case. The rate was independent of the concentration of acid, and propor- 
of the light, reduced the velocity to 65 and 43 per cent. This use of sectors has tional to the chlorine concentration for total absorption, or to the two-thirds power 
been criticized by the Indian workers. The mechanism of Berthoud assumes that 7 
bromine atoms participate in reaction chains. intensity. a ; 

ig Woods and Poulter 155 believed they had demonstrated the ability of ultraviolet 

fight to alter slightly the polarity of the double bond in cinnamic acid. When its 

-, 0 ution in absolute ether was irradiated for an hour with the highly polar reagent 
| | i if hydrogen bromide, the residue after evaporation of the ether yielded to ligrptn a 
Ghosh, Bhattacharya and Murthi 15° find the combined effect of any two radiations small portion of material which on recovery from the solvent melted at about 50°C. 
selected from 546, 436 and 406 my to be less than the sum of the two separate and had physical properties very similar to those of the compound CgH;CHp- 
effects. j | ; CHBrCOOH.156 

Bauer and Daniels 151 confirmed the chain nature of the reaction but found i ~ Coumarin, the inner lactone of o-hydroxycinnamic acid, also possesses a double 
much lower quantum yields, 1 to 15 or more, varying with the concentration of b 
the bromine and the temperature. The yields decrease linearly with dilution to 

bond and is subject to reactions analagous to those of cinnamic acid. It exhibits 
two absorption maxima at 3200 and 3600A 157 but when one or two hydroxyl groups 

unity at infinite dilution. The nature of the reaction was thought to be complex 
since, in addition to the primary process with a quantum yield of unity, it involved 

are introduced into the benzene ring, the resulting products show only one absorp- 

also a photo-excited thermal reaction which can be suppressed by the usé of low 

A+ Br —— ABr. 

ABr + Bre —— ABre.+ Br; 

‘tion maximum. It has been found that when certain immature plants, which when 
“mature contain coumarin, are irradiated by a mercury-vapor lamp, the odor of 

3 Fe : ° ; 158 | coumarin becomes perceptible in a few minutes. 147 Yajnik, N. A., and Uppal, H. L., J. Indian Chem. Soc., 6, 729 (1929); Brit. Chem. Abs., 19304, 2. P P 174, See also Mathur, K. G., Gupta, R. S., and Bhatnagar, S. S., Indian J. Physics, 2, 243 (1928) 
and Berthoud, A., J. chim. phys., 26, 435 (1929). 4 

148 Ghosh, J. C., and ‘Purkayastha, R. M., J. Indian Chem. Soc., 2, 261 (1925); Chem. Abs., 20, 1953 
(1926); Quart. J. Indian Chem. Soc., 4, 409, 553 (1927); Brit. Chem. Abs., 1928A, 172, 256. 7 4 

49 Berthoud A., and Béraneck, J., J. chim. phys. 24, 213 (1927); Helv. Chim. Acta, 10, 289 (1927). (1930) 

Fie oe oe eet ese ote ree ata Mpc AG ii ICES Be (198 168 For data on the photobromination of a-phenylcinnamic acid, see Berthoud, A., and Porret, D., ° °y 9 ° ; 
‘ \ {! H. | ; . 1 : 

151 Bauer, W. H., and Daniels, F., J. Am. Chem. Soc., 56, 378 (1934); 56, 2014, 2564 i see ee, Chim. Acta, 17, 1548 (1934) 

_ #2 Duquenois, P., Bull soc. chim., 4, 193 (1937). 
8 Basu, K. P., J. Indian Chem. Soc., 6, 341 (1929); Chem. Abs., 24, 784 (1930). 
14 Berthoud, A., and Porret, D., Helv. Chim. Acta, 17, 237 (1934). 
85 Woods, G. M., and Poulter, T. C., Proc. Iowa Acad. Sci., 35, 217 (1928); Chem. Abs., 24, 1101 

; ST Tasaki, T., Acta. Phytochim, 3, 21 (1927); Chem. Abs., 22, 1543 (1928). ° : i Ais Ws . Chem. S0C5— 7” ’ 9 9 99 
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a 

for weak absorption. It was also proportional to the square root of the light 
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The photobromination of coumarin attains an equilibrium similay to a 

described by Berthoud and Nicolet for phenylcinnamonitrile. The rate of i : 
nation is greater in carbon tetrachloride than in chloroform, but the rever a 
true of the thermal reaction. Williams 4 finds that in ultraviolet light and “a 
60 molar concentrations of coumarin and bromine, an equilibrium results ial 7 minutes in carbon tetrachloride at which time 85.6 per cent of the bromine p. 
reacted. In chloroform, 65.8 per cent had reacted at equilibrium, reached ia 4 
minutes. 

hour. 1s | iS | 

* To obtain the true rate of polymerization, hydrogen-distilled samples 

rh ient of polymerization is 1.33 per 10° ne d. The temperature coefficien poly 

must a = and 70° and slightly less, 1.27, between 70° and 100°C. From vis- 
ot wee Considerable work has been done on the geometrical photoisomerizations q be easurements it seems that the aggregates formed at higher temperatures 

coumarin and its derivatives. Although Perkin had noted the conversion 4 osity Beach larger size than those formed at low temperatures. Quantum yields 
methylcoumarinic acid into methylcoumaric. acid by sunlight, Stoermer 160 foul were 0 000 to 4000A and 7.4 at 2536A indicate a chain mechanism. Hydroqui- 
the tendency the other way in the coumaric acid series, the stable form changin £4 Bits the change, partly by internal filtering and partly by deactivating 
to the labile in ultraviolet rays. Coumaric acid yields 75 per cent of coumaps none 3 , ree 
and methylcoumaric acid yields 75 per cent of methylcoumarinic acid, while eth BE on-boiling form of nitro-w-bromostyrene, in which stereoisomerism 1s pus: 
coumaric acid and acetylcoumaric acid are quantitatively changed to the comm P’ E10 converted into a high boiling form by exposure to ultraviolet light. 
sponding coumarinic acids. Benzene or alcoholic solutions were used. Vaidya 16: sible, He . -ding A 7 readily depolymerized Di ketone is, according to Stobbe, Farber and Rau,” rea 

a Be fietone in the light of a mercury vapor lamp._ Diep ehory ser aes i 
to eed but its addition compounds with, uranyl chloride or stannic pee fe) pet 
polyme yield 4 dimer when exposed to light. Methyl-y-ketopentadienedicarboxy 

found the following quantum yields (3130A) for the transformation of coumar; 
acid: 0.005 molar, 0.031; 0.002 molar, 0.023. | 

Dey, Rao and Seshadri 16? have pointed out that the esters undergo inversioy pear tO 
more readily than the acids. The presence of a nitro- group in the benzene tip, a COOCH CH=CH CcOsCH—CH--COOCGH. accelerates the transformation of both acids and esters but a methoxyl group ha, | as : | 
the opposite effect. An alcoholic solution of o-coumaric acid formed coumarin i i COOCH;—CH—CH—C0O—-CH—-CH—COOCHs: 
48-per cent yield after six hours of exposure to light and 65-per cent after 24 hours 
The methyl and ethyl esters underwent 87- and 74-per cent conversion in 24 hours 
Ordinary sunlight supplies the requisite energy for the transformation of th 
trans forms of the coumaric acids and their esters into the cis form with highe 
energy content. . | : 

7 i i rah: te and not capable : erted by light into a dimer not oxidized by permanganate , 

Be stocicing ee occihe. ae analogous conditions, ethyl -ketopentadienedicarboxylate 

-” ffer deep oxidative fission. ; 
posure of an SeaianS solution of the vellow form of 2-hydroxystyrylmethyl ketone 

‘to rays of short wave-length from a quartz) mercury vapor lamp for 24 hours produces :. | ‘ ct 

Be omnplete transformation to the colorless form. 

Derivatives of benzoylethylene also exhibit geometrical pe eeecces ear an 

" w-bis (2,4-dimethylbenzoyl) ethylene, on exposure to light, becomes on : Fie 

‘the cis isomer, which appears to revert slowly to the trans form on recrystalliz 

“tion.169 @-Chlorodibenzoylethylene is transformed into the B-isomer by see 

a chloroform solution containing a trace of dibenzoyl-a, B-dichloroethane pe rong 

a sunlight for two hours. Dibenzoylbromoethylene is not, however, ee me ia 

light. Dibenzoyldichloroethylene exists in two forms : a, meting at : . is 

“more soluble in chloroform than the B-form, melting at 162°C; The ormer 1s 

, transformed into the latter by strong sunlight. Similar transformation occurs 

also in the case of the dibromo-derivative.17 Sunlight also isomerizes the yellow 

benzoylethylene phenyl sulfone, as well as B-bromo-8-benzoylvinyl phenyl sulfone, 

to colorless isomers with altered melting points.174 7 

—_-Von Halban and Geigel 172 have shown that, in the case of tetrabenzoylethylene, 

an irreversible chemical change rapidly follows a primary phototropic process. 

~ Von Halban and Rast 173 state that when it is dissolved in acetic acid, concentrated 

sulfuric acid or sodium ethylate, a monohydrate can be crystallized out. On fur- 

OTHER AROMATIC ComMPoUNDS witH DousBLE BonpDs IN A S1pE CHAIN _ 

Styrenes. Smakula 163 measured the absorption spectra of a number o 
polystyrenes of molecular weights 3,900 to 240,000. All showed an absorptio 
band at 2600A, the intensity of which increased directly with the molecular weight 
A comparison of their spectra with those of styrene and of ethylbenzene shower 
that the absorption bands belong to the phenyl radicals. 

Obviously, stereoisomeric forms of styrene, phenylethylene, cannot exist becaus 
of the symmetry of the CH,. The possibility of photoreaction is therefore limiter 
to polymerization. Stobbe 164 found that an equilibrium is set up between styrene 
and metastyrene. Styrene solution (5 per cent) showed the following changes ir 
refractive index after 0, 20, 32, 95 and 230 hours of irradiation in Uviol tubes. 
1.49883, 1.49911, 1.49939, 1.4994, 1.4994. Metastyrene showed the values: 1.50125 
1.50125, 1.50125, 1.50116, 1.50116. The irradiated solution of styrene gave a pre 
cipitate of metastyrene with alcohol; that of metastyrene decolorized permanganate, 
but the solutions kept in darkness did not. q 

Taylor and Vernon 1% found the photopolymerization could be accelerated by 

 10Dann, A. T., Howard, A., and Davies, W., J. Chem. Soc., 607 (1928). 
187 Stobbe, H., Farber, E., and Rau, F., Ber., 58B, 1548 (1925). 

468 McGookin, A., and Heilbron, I. M., J. Chem. Soc., 125, 2102 (1924). 

> Coulson, E. A., J. Chem. Soc., 1406 (1934). | 
- Conant, J. B., and Lutz, R. E., J. Am. Chem. Soc., 47, 881 (1925). 
_ ™Xohler, E. P., and Larsen, R. G., J. Am. Chem. Soc., 57, 1448 (1935). 
_ von Halban, H., and Geigel, H., Z. physik. Chem., 96, 233 (1920). 

von Halban, H., and Rast, K., Z. physik. Chem., Bodenstein-Festband, 303 (1931). 

180 Williams, D. M., J. Chem. Soc., 1383 (1929). ? q 
160 Stoermer, R., Ber., 42, 4865 (1909); 44, 637 (1911); J. Chem. Soc., 98, II, 114 (1910) 
161 Vaidya, B. M., Proc. Roy. Soc., A129, 299 (1930). 4 
162 Dey, B. B., Rao, R. H. R., and Seshadri, T. R., J. Indian Chem. Soc., 11, 743 (1934); 12;um (1935); Chem. Abs., 29, 4752 (1935). 
168 Smakula, A., Angew. Chem., 47, 777 (1934). 

164 Stobbe, H., Ber., 47, 2701 (1914). 
1 Taylor, H. S., and Vernon, A. A., J. Am. Chem. Soc., 53, 2527 (1931). 
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Reimer 187 discussed the difference in behavior of the benzalpyruvates aad aa a it, the truxone melting at 307-8°C. is formed, together with what appeared 
ye aeridescr iad weird isomer, yellow crystals of melting point 174-17 6°C. A third diphenyl- 

benzoylacrylic acids ju | n€ Cp El200o yellow needles, m.p, 184-5°C., is obtained when the colorless 
C.H;CH=CHCOCOOR | CeHsCOCH=CHCOOR . formed by treating ethyl 8,@-diphenyl-lactate with concentrated sulfuric 

Benzalpyruvates Benzoylacrylates oe exposed in benzene solution to ultraviolet rays. Ethylphenylindone does 
\» m give truxones when irradiated. Prolonged action of ultraviolet light on the 

te ‘somer of dimethyldiphenyltruxone in benzene converts it into methyl- 178°C. 1 

penylindone. 
" Bodforss 193 found that benzoylphenylethylene oxide, benzoyl-m-nitrophenyl- 

The system of conjugated double bonds is the same in each case, but its relatia 

to the phenyl and carboxyl groups differs. The representatives of the first Doh 

merize but those of the second isomerize instead. Miss Reimer later found 18 

that benzalpyruvic acids in which methoxyl groups are substituted in the Hucley a ide, and benzoyl-p-chlorophenylethylene oxide undergo rearrangement 
are less affected by sunlight. The most active substance is colorless @-brom, pylene Ox1Ce: g 

benzalpyruvic acid.189 Its benzene solutions become lemon-yellow in two 4 a Dy STORy Ste mee: with pater Jes ea aes solutions 

three days in diffused light. Direct sunlight fades this to colorless, the ¢ Ic 4 pihy! alcohol are exposed to a mercury lamp. PL ERGs it ED Ieee 
y fh Sit. Olo mall, but their presence can be demonstrated by the ferric chloride test for 

reappearing after removal from sunlight. The color change can be repeated many el ys en cnmat scaperical sa tnotnauhith theyceamaraneelte! 

times and is remarkably sensitive to changes. in intensity. From the decolorize, nols and DY | | 3 : 

solutions, a white crystalline dimer was isolated. It became brilliantly yelloy Some of these transformations are phototropic, that is, the changes produced by 
. : : ; . ht are reversed in darkness. This is notably the case with the fulgides studied 

overnight. The yellow form is regarded as a geometrical isomer of the omlgina ie ularly by Stobbe.** These are aryl derivatives of butadienedicarboxylic acid. 
acid. 

; i 1 jphenylfulgide ae outa aie crystals pe become dark brown in sunlight or in 

: : is also a photodecomposition of some of the com +e rays of an arc lamp and which revert to their original color in darkness. The brown 

| Ee ees Ae yellow Patt and the polymer are a a orange forms seemed to be chemically identical. If the phototropic change is fre- 

obtained, but brown decomposition products result. Exposure of the origingy 
‘yently repeated, the difference between the shades of the two forms becomes gradually 

acid without a solvent yields slowly, without the formation of a colored inter 

mediate, a crystalline dimer isomeric with that formed in benzene solution. 

a chemical change taking place which leads finally to the conversion of the fulgide 
‘stg a new substance, the photoanhydride. — | 

In the presence of oxygen, the benzene solution forms, in addition to the dimer 

a bromoacid, apparently by the addition of the elements of hypobromous acid t 

the original unsaturated acid. When the benzene contains moisture, colorless 

© Phototropic change in these compounds was observed only in the case of the lemon- 
yellow to orange-red diaryl and the orange-red to dark red triarylfulgides; the colorless 

crystals of a saturated, bromine-free acid, C1pH19O¢, are also formed by photo: 

chemical “hydroxylation” at the double bond. 

iphyl, greenish-yellow to yellow. monoaryl and red, purple-red or brown or tetra- 

The polymerization products are cyclobutane derivatives. Ellingboe ane 

arylfulgides are not phototropic. The modifications of a phototropic substance can exist 

tn the pure state only during exposure to the wave-length of light which forms them 
since they revert in darkness to a mixture or solid solution of more than one form. 
‘The equilibrium between the two modifications in a mixture depends on the wave-lengths 
of light (and their relative intensities) to which/it is exposed. 
_ The phototropy of other substances than /the fulgides has also been studied by 
“Stobbe.’ Red and blue rays have no actidn in reversing the color change produced by 
‘ultraviolet light on colorless -tetrachloro<a-ketonaphthalene, only yellowish-green and 
yellowish rays being effective. A complete discussion of the many instances of photo- 
tropy would consume much space.” 

Fuson 199 found that ultraviolet light has little or no effect on trans-1,2-dibenzoyl- 

cyclobutane in benzene. According to Vorlander and Daehn a 7-phenylhepta- 

trienic acid and its sodium salt in aqueous suspension are strikingly stable, ultra- 

violet light decomposing only a small portion. q 

In benzene solution,!9?2 3-phenyl-2-methylindone gives rise to two diphenyl- ¥ | 

dimethyltruxones, one being white and melting at 307-308°C. and the other pale BE ic chatges abbr the-atbonenitronen double: bond tal the -bemakte 

canary-yellow, melting at 930_260°C. :  oximes also occur. Ciamician and Silber 197 showed the nitrobenz-syn-aldoximes 
_ to be changed to the anti form when their benzene solutions were exposed in glass 

STEREOISOMERISM OF OXIMES 

CO tubes to sunlight. (It must be noted that these and other workers used the con- 
a CPh —CPh . iS nea Te ee | figurations in the sense opposite to that at present accepted. Thus, they stated 

| aa os CMe—CMe\_ “4 We CMe-—CEA Bef. 4% Bodforss, S., Ber., 51, 214 (1918); Chem. Abs., 12, 2554 (1918); J. Chem. Soc., 114, I, 232. 
CO ee) (6) 19 Stobbe, H., Annalen, 359, 1 (1908); J. Chem. Soc., 94, II, 339 (1908). . 

q | adil H., Ber. Verhandl. Séchs. Akad. Wiss. Leipzig, 74, 161 (1922); Chem. Abs., 17, 3020 
/ ‘ 

7% For details, consult the review articles cited in Chapter 16. For benzylidene- isyli - 
_ cuminylidenehydrazones, see Biltz, H., and_Wienands, Fou PAN 308, 1 (1899); BE ee She a6, 
iy a (1899) ; tetraphenyldihydrotriazine, v. Walther, R., J. Chem. Soc., 84, i, 582 (1903); ethyl oxaliso- 

| | ieee Se setts, eet ca aks a ds nee Soc., 74, i, 240 (1898); a-azoxynaphthalene, 

; . ., 46, 783 (1924). ‘ Be ime, W. M.,.an SL #) omy ee oF em. Soc., » 2464 (1923); tetrabenzoylethylene, von Halban, 
187 Reimer, BJ. are en me aa : , fe Sod., 55, 4643 (1933); Reimer, M., Tobin, Eu | a and Geigel, H., Z. phystk. Chem., 96, 233 (1920); aminoaryldisulfoxides, Child, R., and Smiles, S., 
188 Reimer, M., and Kamerling, i, T., J. am. ‘ +» Ws ’ - Chem. Soc., 2696 (1926) ; diphenylacyldiphenylmethane, de Carvalho, A. P., Compt. rend., 200, 60 

and Schaffner, M., [bid., 57, 211 (1935). (1935). For further data on the fulgides, see Dietzel, R., and Naton, J., Ber., 58B, 1314 (1925); Stobbe, 

189 Reimer, M., J. Am. Chem. Soc., 58, 1108 (1936). ae tery 1 ey eeren, G., Gas dee As Pee ee 265 (1926) ib ee et a © Wra J: 

199 E]lingboe, E., and Fuson, R. C., J. Am. Chem. Soc., 56, 1774 Soc., 105, 2892 (1914) and Heilbron, . M., Hudson, HL. E., and Huish, DB. M., iid. 128; 2573 (19230. 
191 Vorlander, D., and Daehn, E., Ber., 62B, 545 (1929). ( ) an eilbron, I. M., Hudson, H. E., and Huish, D. M., tbid., vat 2273 ‘C1923 ). 

7 Ciamici ., and Silb : 
192 DeFazi, R., Gazz. chim. ital., 54, 85, 1000 (1924); 57, 551 (1927). amician, G., and Silber, P., Ber., 36, 4268 (1903). 

These compounds react with concentrated sulfuric acid to form 3-phenyl-2-methyl 

‘ndone. When the latter is exposed in benzene solution to the action of ordinary 
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that the anti forms were converted to the syn forms.) Ciusa 198 reported e: 
changes in the case of p-chloro- and 3-nitro-o-methoxybenz-syn-aldoximes m 

was unable to observe the conversion in the case of unsubstituted benz- syn-al a : 

or of 3,4-methylenedioxy-syn-aldoxime, and inferred that the presence of a 

tive substituent is necessary for the change to occur. By the use o¢ a 4 
mercury arc, however, Brady and McHugh” showed that this is pot thea 
and that the conversions can be effected. The change occurred in alj but oa 

a series of 24 aldoximes and their derivatives. 3,4-Dimethoxybenz-syy_a dou | 
underwent no change 7°? and 5-bromo-3,4-dimethoxybenz-syn-aldoxime suffer 2 enectrum of aniline vapor includes 185 lines and bands between 1980 and 
demethylation to 5-bromo-3-methoxy-4-hydroxybenz-syn-aldoxime. The mel a # qa continuous zone from 2632A.2°9 Savard found for the excitation 
See onan idon ime Lecoi DOs ea iy aero eee ben e of three electronic states 97.9, 99.2 and 102 kcal. The energy of dissocia- 
nitrile, but the methyl ether of m-nitrobenzaldoxime undergoes no change, 9 rgies C H,NH and a hydrogen atom is 108 kcal.210 
methyl ethers of m- and p-nitrobenz-syn-aldoximes are partially isomerized a dying the change in the ultraviolet absorption of solutions with change 
firming earlier results obtained with sunlight,?°? but not so rapidly or complet ‘§ Eaammett, Dingwall and Flexser 241 determined its dissociation constant. 
as in the case of the oximes themselves. In subsequent work, Brady and Klein 2 pits {-known photochemical discoloration of aniline 212 is believed to be an 

succeeded in effecting the conversion in the ¢-O-p-nitrobenzyl ethers of 0-, my, 4 oc It is furthered by the presence of o- and p-phenylenediamine as impu- 
p-aldoximes, of 3,4-methylenedioxybenzaldoxime, of o- and p-methoxybenzaldoxin it is retarded by the m-isomer and is almost completely inhibited in the 
of 3-nitro-4-methoxybenzaldoxime, and of 5-nitro-2-methoxybenzaldoxime, ag " sence of oxygen. It is’ also retarded by minute amounts of sodium sulfide or 
as in a-O-methyl-6-nitro-3,4-methylenedioxbenzaldoxime. Although similar tre | cid, or by contact with emery-surfaced zinc or iron plates, either untreated 
ment of the a-O-methyl-3-nitro-4-methoxybenzaldoxime resulted in partia] inve a 
sion, the product could not be separated into its components. Brady and Peakin : 

previously boiled with 20-per cent sodium sulfide. On the other hand, if iron 
a : 5 2s are cleaned by heating with dilute sulfuric acid, they accelerate the reaction 

found that, apart from slight but profound decomposition, m-nitrobenzodimethy _ 
amidoxime is unchanged by exposure, in benzene solution in a silica vessel fog , 

en though they have been treated with sodium sulfide. Mild heating over a gas 

hours to the light of a quartz mercury lamp.?°4 me somewhat restores the preserving action. Partially rusted iron plates after 

The isomeric changes of the semicarbazones, particularly of cinnamaldehy; 
iling with 20-per cent sodium sulfide also retard the oxidation. These experi- 

; ents were conducted to develop methods for the storage and transportation of 
have been discussed in previous paragraphs and it has been pointed out that S01 as - S 
workers believe the changes can be attributed to tautomerism within the urea pg 

jiline in iron drums. In the method recommended, the drums were flushed with 
; apa [ water, and without further cleaning were boiled with 5- to 20-per cent sodium tion of the molecule without the necessity of considering stereoisomerism about # lade, sealed, allowed to cool, emptied, /flushed with water and then twice with 

double bonds in other portions of the molecule. On exposing solutions of tl on 
semicarbazones of dypnone and phenyl-@-phenylstyryl ketone, and the mesif 

niline and filled as soon as possible to avoid oxidation of the iron sulfide film. 
Tamanaka 21% believes light of the range 5100 to 3000A, and especially 4957 to 

oxide-§-phenylsemicarbazones to a quartz mercury lamp, Wilson and Macaulay 2 s 
observed that stereoisomers are formed. Attempts to prepare stereoisomers of #f 

A300 to be most effective in producing the color. On the other hand, Freytag,?14 

by exposing strips of hardened filter paper impregnated with aqueous or alcoholic 
semicarbazones of benzylacetone, benzylacetophenone, methyl styryl ketone an . 
styrylisobutenyl ketone gave negative results. | 

id condensation are stable to light.” Since the phototropy is connected 
sence of double bonds conjugated with the benzene nucleus, all changes 

the ” conjugation tend to diminish or eliminate the phenomenon. It is probable 
Pbing, T totropic change consists in a shift of the valence electrons brought about by 
the P ) 

Bon emicarbazones and 6-phenylsemicarbazones of the ethylenic ketones of the 
+CH=CHCOR are always phototropic.*® 

’ 

AROMATIC AMINES 

tions of 18 primary amines behind a quartz spectrograph, found the majority 
hem to be sensitive only to ultraviolet light of wave-lengths less than 3130A. 
intensity of the color developed varied greatly with the wave-length employed. 
finds *1° ultraviolet to markedly accelerate aniline black dyeing. Photographic 
tives may be printed on cotton fabric impregnated with a 1- to 25-per cent 
tion of aniline hydrochloride containing five drops of potassium ferricyanide 

nd 18 to 24 drops of 10-per cent aqueous potassium chlorate solution per 30 cc., 

Phototropy is observed in many semicarbazones. Gheorghiu and Arwentiew™ fin 
the semicarbazone resulting from the condensation of methyl isobutyl ketone with ani 
aldehyde to become colored in diffused light, a general property of the semicarbazone 
of the aldehyde condensation products with ketones in the e- but not in the Y-position 
Although the semicarbazones of ethylenic ketones of the type ArCH=CHCOR, in whic 
Ar is aryl and R either alkyl or aryl, resulting from the alkaline condensation Sa 

i i i ketones Ar = E ig ketones with aromatic aldehydes are phototropic, those of the Mc. V., Bur. soc. chim, $3, 1441 (1988). 

“SGheorghiu, C. V., Bull. soc. chim. 1, 97 (1934). 
—® Savard, J., Compt. rend., 190, 678 (1930); Bull. soc. chim., 53, 1404 (1933). 

_ #10See also, Horio, M., J. Soc. Chem. Ind. Japan, 37, Suppl. 284 (1934). For a comparison of _the 
spectra of aniline and acetanilide, see Klingstedt, F. W., Z. physik. Chem., 1B, 74 (1928). Benzylamine, 
Ley, H., and Voibert, F., Ber., 59B, 2119 (1926). Nitrosodimethylaniline, Custers, J. F. H., and Dippel, 

J. Z. Physik, 86, 516 (1933}:—N itroanilines, Glotz, G., Bull. soc. chim., 1, 1148 (1934). Toluidines, 
rton, R. A., and McGookin, A., J. Chem. Soc., 901 (1934). Arylamines, Ramart-Lucas, Mme., and 

dl , Mile., Compt. rend., 196, 1804 (1933). or fluorescence studies on amines, see Lumiére, A., 
204 For absorption data on various oximes and semicarbazones, see Ramart-Lucas, Mme., and Grume Lae hin eerste, L., and Seyewetz, A., Bull. soc. chim., 37, 700 (1925). 

soWHs SoC. chit., 53 793 (1933); Remart-Luces, Mme. aed. Bruzau, Mme. a). | <a  .uammett, L. P., Dingwall, A., and Flexser, L., J. Am. Chem. Soc., 56, 2010 (1934). 13 arene ; fon teloenlindacelbaeox ine. Ponomarev, F. G., Alpatov, D. M., and Strepetov, Na g ’ > 222 li ; ge 4 

Acta Univ. Voronegiensis, 9, No. 3, 132 (1937); Chem. Abs., 32, 7021 (1938). og pulich, P. K., Anilinokrasochnaya Prom. 3, 405 (1933); Chem. Abs., 28, 1335 (1934). 
28 y : ; ‘ 

205 Wilson, F. J., and Macaulay, R. M., J. Chem. Soc., 125, 841 (1924). 4 (1936) manaka, T., Bull Inst. Phys-Chem, Research (Tokyo), 14, 396 (1935); Chem. Abs., 30, 1754 
206 Gheorghiu, C. V., and Arwentiew, B., Aun. sci. Univ. Jassy, 16, 536 (1931); Chem. Abs., & ; Freytag, H., Z. wiss. Phot., 33, 33 (1934): Brit. Chem. Abs.. 1934A, 740. 4804 (1932); see also Dickinson, R., Heilbron, I. M., and Irving, F., J. Chem. Soc., 1888 (1927). q Tas Bias. i iond. Textilber., 13, 144 (1932): Chem. Abs., 27, iad (1933). 

198 Cjusa, R., Atti R. Accad. Lincet, 15, ii, 721 (1906). 

199 Brady, O. L., and McHugh, G. P., J. Chem. Soc., 125, 547 (1924). 
200 See Brady, O. L., and Dunn, F. P., J. Chem. Soc., 123, 1790 (1923). 

201 Brady, O. L., and Dunn, F. P., J. Chem. Soc., 103, 1624 (1913). 

2022 Brady, O. L., and Klein, L., J. Chem. Soc., 874 (1927)- : 

203 Brady, O. L., and Peakin, F. H., J. Chem. Soc., 2269 (1929)- 
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NO and O, attached to nitrogen, change places, under the influence 

ith a hydrogen atom in the nucleus. Chattaway and Orton also made 
measurements on the transformation of the compound in sunlight,?28 

exposing for fifteen minutes to ultraviolet light and washing away the uncha ‘ 
aniline with water. — cj, NV2: 

a : : : _a{ight, W 
The reactions between aniline and nitrobenzene which occur during nlig 

: ° e ° a +. city . ° ° 

months’ exposure to summer sunlight in sealed tubes have been studied by 4, e ve reviously studied the thermal reaction for which Armstrong 724 found a 

chiotti and Piccinini.216 The liquid became red-brown but was neutral in rena | na ; hydrogen chloride essential. Mathews and Williamson 225 have studied 
. ° . L) —_. . . . . . 

and evolved no gas. Among the compounds identified were, besides unchg,- ce Fetio n in solutions in benzene, alcohol and acetic acid, using a quartz mercury 

nitrobenzene and resin, o-hydroxyazobenzene, azoxybenzene and a small quagll 

of p-aminophenol. The results are explained by regarding the initial reaction. 

a simultaneous oxidation and reduction of nitrobenzene forming nitrosobenzene 4 

phenylhydroxylamine. The nitrosobenzene reacts with the phenylhydroxylays 

to yield water and azoxybenzene, the latter then transforming into o-hydroxya, 

a The solvent exerts a marked effect, but hydrochloric acid is not required for 

BP. otoreaction. The addition of water to an alcoholic or glacial acetic acid 

ee reatly diminishes the velocity of the photo-decomposition. In the absence 

he the reaction in these solvents proceeds without the action of radiation, 
a file been started in this manner. In the presence of water, this effect is 

; , ey hav! . . : 
benzene. The great tendency of phenylhydroxylamine to change to p-aminophe, Ling and the reaction is truly photochemical. ! 

° . e,e < mod I°@ BE \ . ° . < 

accounts for the presence of this material. Decomposition products of nitrogop,, Seo rter and Wilbur,??® who presented data on the absorption of ultraviolet ‘by 
zene probably enter into other secondary reactions. 

In the reaction between toluene and nitrobenzene there were obtained,217 ; 
addition to benzoic acid and p-aminophenol, aniline and azoxybenzene. The fg 
zoic acid is formed by oxidation of toluene by nitrobenzene which is reduceg , 
nitrosobenzene. A molecule of unaltered nitrobenzene reacts with three of hep. 

eyichloroaminobenzene and its rearrangement product, found the transformation 

4 4 ur in the solid phase as well as in solution. Hodges **? found the rate of the 

a s under the influence of the 3569A line in eight solvents very slow in the 

4 lete absence of water. It is a chain reaction, the quantum yields being 5-6 
~ carbon tetrachloride, 15-18 in bromobenzene, 17 in chloroform, 22 in chloro- n car 

aldehyde, an intermediate oxidation product, to produce two of benzoic acid ay enzene, 29-33 in benzene, 108-116 in toluene, 156-163 in cyclohexane, and 188 in 
one of benzoylaniline. The latter is then hydrolyzed to aniline and benzoic ag fecalin. In closely related solvents, the reaction velocity diminished with increas- 

«oo dielectric constant, surface tension and density. 

“Condensation Reactions of Amines. The condensation of p-phenetidine 
hydrochloride with epichlorohydrin to N,N-bis(y-chloro-8-hydroxypropyl) -p- 
ghenetidine is accelerated by sunlight.?#® 

Qualitative observations on the nature of the products formed by the prolonged 
exposure to tropical sunlight of a number of organic compounds in 2 per cent solu- 

tions in water, dilute acid or alkali or alcohol have been recently reported by Mala- 
yiya and Dutt.2°? Aniline in hydrochloric acid precipitated phenazine in 135 days, 
g-toluidine gave 1,5-dimethylphenazine, m-toluidine, 2,6-dimethylphenazine and 
-p-toluidine probably gave 3,/-dimethylphenazine. Dimethylaniline did not change 
fn 141 days and 1,3,4-xylidine\gave only a trace of precipitate in 121 days. 
_q-Naphthylamine probably ga ne wan ae and $-naphthylamine prob- 

Benzoylaniline also may be formed along with benzoic acid by the interaction , 
nitrosobenzene with two molecules of benzaldehyde.*18 Azoxybenzene may 5 

formed either by the interaction of nitrosobenzene and benzaldehyde or, by analoe 

with the reaction of nitrosobenzene and phenylhydroxylamine, by the interactig 
of nitrosobenzene and benzoylphenylhydroxylamine. It might also be produced } 
a reaction between nitrosobenzene and p-OHCgH,NHCOC,H;. The compoung 
required for the last two processes were not isolated although their formation ; 
conceivable. According to Knipscheer,?!9 o-hydroxyazobenzene is formed by tf 
action of light on azoxybenzene, but it was not identified by the Italian observer 
The aniline is partly oxidized to phenylhydroxylamine, which under the influene 
of light, forms p-aminophenol. 

The action of sunlight for six months on a mixture of o-nitrotoluene and 
aniline gave a product containing p-aminophenol, 2’-methylazoxybenzene, and a 
isomer of the latter, probably a benzeneazocresol.??° 4 

Plisov 221 made some preliminary experiments on the photochemical formatior 
of salts of aromatic amines with alkyl halides in an attempt to determine whethe 
the activation of the amine or of the halide is the determining factor in the reae 
tion. Photochemical action is more evident in the combination of aniline with 
benzyl chloride than in the case of o-toluidine and benzyl chloride. In the formet 
case, the yield in three hours increased from 15 per cent in darkness to 82 per ceml 
under irradiation in a quartz vessel by an arc. a 

Migrations in N-Substituted Amines. Blanksma 22? has noted that acetyl 
chloroaminobenzene is altered by light, following the general rule that the radicals 

ably B,8-dinaphthazine. o-Nitraniline was unaffected. p-Nitrosodimethylaniline 

jn aqueous solution was oxidized to p-nitrodimethylaniline, but in dilute acid, it 
gave an unidentified precipitate and benzidine gave an unidentified phenazine. In 

dilute acid, o-phenylenediamine gave 2,3-diaminophenazine hydrochloride, the 
_m-compound 2,6-diaminophenazine and the p-compound probably 3,6-diamino- 
phenazine. fe. Aqueous xnino gave an intensely violet solution of an uniden- 

tified azine dye. Aqueous p-amino-acetanilide gave diacetyl-p,p’-diaminodiphenyl- 
amine. 1,8-Diaminonaphthalene gave a brown precipitate, probably peri-dinaph- 
_thalene azotide. o-Aminophenol formed a red compound, Co4H 19N30., the m-com- 
- pound an unidentified brown precipitate, and the p-compound a violet. precipitate, 
probably p,p’-dihydroxydianilinoindophenol. m- and p-Hydroxydimethylanilines 
were unaffected. 1,5-Dimethoxyphenazine was formed from o-methoxyaniline, - 

28 Vecchiotti, L., and Piccinini, C., Gazz. chim. ital., 61, 626 (1931). 
on Vecchiotti, L., and Zanetti, G.; Gazz. chim. ital., 61, 798 (1931). a 

Baca E., Ber., 35, 1606 (1902);-Ciamician, G., and Silber, P., Atti accad. Lincei, 14, 26 
19 : . 

219 Knipscheer, H. M., Rec. trav. chim., 22; 1 (1903). 

Se L., and Piccinini, C., Gazz. chim. ital., 63, 112, 319 (1933); Brit. Chem. Abs., 4, 21 Hodges, F. W., J. Chem. Soc., 240 (1933) 

602 (1934). 4 EES .y Js : c : 
228 . 

221 Plisov, A. K., Gazz. chim. ital., 59, 200 (1929); Chem, Abs., 23, 4198 (1929). Strukov, I. T., Khim. Farm. Prom., No. 2, 11 (1934); Chem. Abs., 28, 5421 (1934). a ; 229 . . . ° - 

20n Blanksma, J. J., Proc. K. Akad. Wetensch. Amsterdam; 5, 178 (1902); J. Chem. Soc., 82, 11, 646 ] area Ree cinicy S., Proc. Acad. Sct. United Provinces Agra Oudh, India, 4, 319 (1935); 

(1902). > +9 OV; . 

_ 3 Chattaway, F. D., and Orton, K. J. P., Proc. Chem. Soc., 81, 200 (1902). — 
4 Armstrong, H. E., J. Chem. Soc., 77, 1047 (1900). 

* Mathews, J. H., and Williamson, R., J. Am. Chem. Soc., 45, 2574 (1923). 

“Porter, C. W., and Wilbur, P., J. Am. Chem. Soc., 49, 2145 (1927). 
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“flow form present at lesser pH values is unaffected.235 An analogous 

iq yello ars with 2,5-dinitrophenol. o- and p-Nitrophenols, 2,4- and 2,6-dinitro- 
00 a 7 4-dinitro-o-cresols decompose at reactions at which the red forms 
Bee rate increasing with the pH. These darken with the formation of an 

the 3,7-compound from the p-derivative and corresponding diethox 
were produced from the ethoxy-compounds. 2,4-Hydroxyphenylenediam; 
an unidentified phenazine. Aminobenzoic acid gave phenazine-1,5-di¢ I g 
acid, the m-compound did not alter, but the p-acid in alkaline solution Arbox, 
sodium salt of p,p’-azobenzenedicarboxylic acid. Save . 

Vanillin, 2,4-dihydroxybenzaldehyde and p-dimethylaminobenza] 
unchanged. Aqueous p-aminobenzaldehyde hydrochloride gave p 
azobenzene. 

af a i animal or vegetable fibers impregnated with nitrophenols, nitro- 
[ex r even colorless nitro- compounds, turn brown when exposed to daylight 

 . olet rays.°2° Reduction apparently takes place, as reducing agents hasten, 
Gh dizing agents retard, the effect. The brown substance thus formed from 

d on calico was isolated, by extraction with alkali and precipitation with 

Bnd found to contain nitro- or nitroso- groups, but no amino- group. This 
2 y be an azo- compound derived from an azoxy-reduction product of 

dehyde ry 

P’-dialdehy 

Aqueous 1-per cent eosin was decolorized in 75 days, giving hydrogen a 4 
and a precipitate of 2,4-dibromobenzoylbenzoic acid. Similarly erythrosine «. 
hydrogen iodide and probably 2,4-diiodobenzoylbenzoic acid. p-Aminoacetgy 

none gave an unidentified precipitate, capable of reducing ammoniacal silver nits ) a 

- ° id 4 1d. but gallacetophenone was unaffected. Phenylhydrazine evolved nitrogen . a” Diazo and Related Compounds. Knipscheer 27 has shown that azoxy- 
A ’ 

Bane is converted by light into o-hydroxyazobenzene. He obtained the latter in 
é f ield (10.3 per cent) and with much loss of material by volatilization (39.7 

cent) by exposing sheets of filter paper impregnated with azoxybenzene to 
A ight for five weeks. Cumming and Ferrier,?38 who believed the loss by volatili- 
sion could be obviated by making the exposures in solution, employed a mercury 
“por lamp as source. The best results (28.0 per cent) were obtained by 50 
urs’ exposure in absolute ethanol and the smallest (7.7 per cent) with benzene 
. solvent. Increase of temperature improved the yield only slightly, but materially 

rcreased the loss of azoxybenzene by volatilization. The transformation also 
kes place in sunlight, but cannot effected by an ordinary electric light. 

The action of light on the g-isomer of benzeneazoxy-p-toluene, NCgH,O=N. 
- H,CHz yields a red substance, probably an o-hydroxy- compound.*89 The B-iso- 
mer, NCsHy=NO.C,H4CHsg, very slowly turns yellow. 

~ Cumming and Ferrier also obtained hydroxyazo- compounds from 2,2’-, 3,3’- and 
44'-azoxytoluenes, 4,4’-dichloroazoxybenzene ‘and 2,2’-diamino-4,4’-azoxytoluene. 
4.4!-Azoxyanisole, 4,4’-azoxyphenetole, and 4,4’-dinitroazoxybenzene reacted slightly 

not at all. In the case of 2,2’-azoxytoluene, products of widely different melting 
points were obtained in alcohol and in benzene as solvents. The hydroxyazo- com- 
pounds were obtained as red needles of varying solubility in sodium hydroxide solu- 
tion. In.cases in which the orientation could be determined, the hydroxyl group 

eared to enter the benzene nucleus in the ortho position with respect to the azo- 
group.740 

_ The decomposition of a 0.4 per cent solution of diazosulfanilic acid in ultraviolet 
light is proportional to the time of irradiation until 90 per cent has been decomposed ; 
the remainder condenses with the phenol produced.241 At pH values less than 7, the 

- diazo- solution is very sensitive to light, but relatively stable to heat, while in alkaline 
‘Solutions, the reverse is true. Similar results are obtained at 35°, 56°, 80° and 
100°C., but when the temperature approaches that at which thermal decomposition 
ot the diazo- compound occurs, this action predominates. Substitution of negative 

formed an unidentified, apparently heterocyclic nitrogen compound, 2 4 
thiazole gave a trace of a phenazine derivative. Aqueous thiocarbamide 
sulfur and carbamide in 46 days. a-Benzildioxime in dilute alkali gave 3,4-diphe : 

furazan in 35 days. "4 

Color Reactions of Amines. Schall 22° proposed to test for ultraviolet a 
by their ability to form a blue coloration on filter paper impregnated with b-phens 
enediamine nitrate (2/3N) and dried. Such paper is sensitive only to wave-lenc: 
shorter than 3130A. Diffused daylight produces only a pale gray tint but a 
mercury lamp produces a blue color in an instant. Mott and Bedford 231 »,. 
the paper by impregnating white blotting paper in a solution of 1 g. b-phenylen 
diamine, 3 cc. of water and 2 cc. of nitric acid, s.g. 1.21, and drying one-half ho 
in a steam oven. : 

Freytag *°? states also that irradiation of moist filter paper or cotton fabr 
impregnated with solution containing about 0.1 per cent of either phenylenediamir 
or their mixtures, resulted in yellow to brown color formation due to oxidation 
the base. This was assisted by the presence of 0.1 per cent sodium nitrate ay 
potassium nitrate. The resulting colors were faster to washing when aniline wa 
also present. The process could be adapted to the production of photograph 
prints on fabric. | | ) | 

Nile-blue, brilliant green, Capri-blue, phenosofranine, fuchsin and pinakrypte 
green are negative catalysts toward the photochemical decomposition of “Aktivin, 
sodium p-toluenesulfonchloroamide, in methanol solution.2?? Malachite-green ha 

no effect, and pinakryptol-yellow and methylene-blue were positive catalysts, eve 
in darkness. ; 

The photochemical oxidation of aqueous solutions of benzidine in the presene 
of eosin is accelerated by manganese salts and by iron and copper salts in decrea: 
ing quantities.2°4 Eosin, chlorophyll and the fluorescent derivatives of the latte: 
bring about the oxidation of benzidine in methanol. Green leaves in water solt 
tions of benzidine also bring about its oxidation when illuminated. . 

Picric acid, in solutions at pH 13.0, is decomposed in ultraviolet light to giv 
picramic and isopurpuric acids, nitrous acid, ammonia and hydrogen cyanide. Tht 

lengt 
quar 

0 

_ *% Molnar, J., Compt. rend., 201, 1482 (1935). 
_ 6 Seyewetz, A., and Mounier, D., Compt. rend., 185, 1279 (1927). 

_ *TKnipscheer, H. M., Rec. trav. chim., 22, 1 (1903). 
_ *8Cumming, W. M., and Ferrier, G. S., J. Chem. Soc., 127, 2374 (1925). 

_ ™ Bigiavi, D., and Sabatelli, V., Gazz. chim. ital., 57, 557 (1927); Chem. Abs., 22, 395 (1928). 
SES also Ramsperger, H. C., for some determination of reaction rates for the thermal and photo- 

chemical decomposition of azo- compounds, Proc. Nat. Acad. Sci., 13, 849 (1927). 

a Seyewetz, A., and Mounier, D., Compt. rend., 186, 953 (1928); Bull. soc. chim., 43, 827 (1928); 
rit. Chem. Abs., 1928A, 493. 

230 Schall, C., Photograph. W ochenblatt, 33, 321 (1907); Chem. Ztg., 34, 267; Z. physik. Chem. Unterr. 
21, 389 (1908). 

231 Mott, W. R:, and Bedford, C. W., J. Ind. Eng. Chem., 8, 1029 (1916). 
232 Freytag, H., Melliand. Textilber., 13, 322 (1932); Chem. Abs., 27, 1834 (1933). 3 

233 Milbauer, J., Phot. Korr., eh “a (1935); Brit. Chem. Abs. A, 1468 (1935); Chem. Listy, 29, 2° 
@) : (1935); Chem. Abs., 30, 1661 (19 

2384 Noack, K., Phot. Korr., 62, 73 (1926); Chem. Abs., 21, 1409 (1927). 
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radicals in the benzene nucleus, which increases the stability of the di J 

pound to heat, decreases its stability to light, the order of increasing stabi Ce 
p-OH (anhydride) < p-SOgH (anhydride) < p-COOH (anhydride) <p-¢y ( 
< p-NOz (chloride) << benzenediazonium chloride. Decomposition js com aaa “id 
in the first two cases. The effect of the nitro- group is the same in Hoe 0 

meta and para positions. Decomposition by light of the diazo- compoung . a 
from sulfanilic acid, p-aminophenol, and aniline yields the correspondin. “eriy 
as in thermal decomposition ; the derivative of p-aminobenzoic acid yields p-h le 
and p-chlorobenzoic acids, while from the brown precipitate obtained } 7 

position of nitrobenzenediazonium chlorides is isolated a substance whic “Ce 
ably dinitrodiphenyl ether. 1S pr 

By comparing the absorption spectra before and after photolysis, Fuk aa 
and Horio *4? concluded that the photodecomposition of diazobenzene “if 7 

acid differs from the thermal reaction. It is effected by radiations of wave 

shorter than 3800A. The reaction is of zero order. An inner filt a er, such as quin “continuous bands without fine structure between 2820 and 2500A. 
sulfate, retards the photolysis. The effects of temperature are compl ) . : plex, j 

Azo compounds may be photosensitized by zinc oxide, according to Fukushjr Although naphthalene vapors are stable to the light of the quartz mercury arc, 
Fionia;and:Omosi "48. Tricdilute-al@oholig-ddlutionsandean oxyeesstae atoll Bad 1,4-dihydronaphthalenes quickly decompose to naphthalene. Tetralin 

in the presence of zinc oxide, azobenzene was reduced almost quantitatively omposes MOTe slowly, forming unidentified polymerization products.” : 
hydrazobenzene, but with pure oxygen there was no reduction in six months: A number pa eiro- Gertra yes) OF JAD oe nit, oe light-sensitive, producing 

Lyashenko and Kirzner 245 carried out the photolysis of phenyldiazo 7 syn colors which result from the reduction of ‘nitro- groups. Much work has 

ility fe 

§ Chapter 26 

‘Compounds with Condensed Ring Systems 

NAPHTHALENE DERIVATIVES 

ppear to be no descriptions of photochemical reactions of naphthalene. 

s absorption spectrum and also spectra of many of its alpha- and beta- 

yatives have been investigated by de Laszlo.1 Its vapor exhibits about 400 

py narrow bands with fine structure between 3200 and 2820A and a group of 

rt ere a 

yever, it 

(6) 

eS nding sulfinic acids and sulfonamides also give light-sensitive dyeings. 

In the benzene series,* the sensitiveness to light decreases in the order ortho, 

para and meta, while the sensitiveness of o-nitrobenzenesulfonic acid is equal to 

that of o-nitrobenzenedisulfide, although considerably less than that of 1,8-nitro- 

thalenesulfonic acid. It was suggested that the sensitiveness to light is 
rted by the sulfur molecule rather than by the sulfonic group as a whole. The 
tiveness of 1,2-nitronaphthalenesulphonic acid and its salts is but little less 

n that of the 1,8-compound. Substitution of the hydrogen atom in the sulfonic 
group does not affect the photochemical properties of the nitrosulfonic acids, 
he close proximity of the nitro- and sulfonic acid groups in the same ring has 

1 positive influence on it. The dark precipitate formed by irradiation of the 
[8-compound is probably 1-amino-8-(8-nitro-1-naphthylsulfonyl)-2-naphthol, or 

chloride and its o-, m-, and p-substituted derivatives under exactly similar coy en devoted to pie eee OF 10, oe pie oa ee sue ocd eke? 
tions by exposing the diazo- solutions for three hours to the action of daylight 4 various eons. upon thes lent SES aN aE eatlvs + ne 
the light of a mercury vapor lamp. The nitrogen eliminated was measured. t se ved ee een wae SHON. oss a oa, oe mpoRleeammmtirsrn eed 
found that substitution in the meta position either increases the stability of anil; edisulfonic acid became brown rapidly on insolation. The mono-nitro-derivatives 

to light or has no influence. Substitution in the ortho and para positions decreas g- and P-nap pe! See a eas EC eRe SLND put ZS in TORE 
it, The ethoxy- group in the para position has no effect. - alenesulfonic acid is tast.to. light: + since, however, 1,8-nitronaphthalenesultonic 

Other Compounds. The condensation products of aromatic thiohy deal id is highly sensitive, although the 1,5- compound is not, and since the 1,6- and 

with aldehydes, ketones, and sugars on irradiation with the lines 6250, 5950 a i 
5430A exhibit a rapid drop of the rotatory power from a high value in one dire 
tion through zero to a maximum in the opposite direction.24® Continued exposu 
causes the rotation again to reach zero and then to attain a maximum in ¢ 
initial direction, after which it slowly drops off to zero. This is explained as 
combination of partial racemization, cis-trans isomerization and a change in strt 

ture, all of which are affected by light. 4 
2,2'-dinitro-5,5’-dimethoxydiphenyl disulfide rapidly turns yellow in sunlight4 

242 Fukushima, I., and Horio, M., J. Soc. Chem. Ind. J 34, Suppl. bindi 6 2, 374 (193: 
Chem. Abs., 26, 2377 (1932). nd. Japan, 3, Supel. binding, 20/7 

243 Fukushima, I., Horio, M., and Omori, M., J. Soc. Chem. Ind. J 5 l. binding, 3 
(1932); Chem. Abs., 26, 5848 (1932). een Chem Ind. Japan, x Stee 
244 The formation of equilibrium between cis and trans forms of azobenzene can be activated by ligh 

Hartley, G. S., Nature, 140, 281 (1937); von Auwers, K., Ber., 71B, 611 (1938); Cook, A. H., 
Chem. Soc., 876 (1938). 7. 

ae yeep V. D., and Kirzner, N. A., Anilinokrasochnaya Prom., 4, 272 (1934); Chem. Abs., 4 

246 Lifschitz, I., and Froentjes, W., Rec. trav. chim., 55, 753 (1936). 
247 : Hodgson, H. H., and Handley, F. W., J. Chem. Soc., 542 (1926). _ Ide Laszlo, H. G., Compt. rend., 180, 203 (1925); Z. physik. Chem., 118, 369 (1925); Proc. Roy. Soc., 

MA, 355 (1926). See also Charlampowiczowna, B., and Marchlewski, L., Bull intern. acad. Polonaise, 
6 (1930); Obreimov, I., and Prichotjko, A., Physik, Z. Sowy., 1, 203 (1932); Kimura, S., Mem. 

| all, Sci. Kyoto Imp. Univ., 14, 303 (1931); Chem. Abs., 26, 1516 (1932). 
*Kemula, W., and Dunicz, B. L., Z. physik. Chem., A181, 359 (1938). 
eat?" N. N., and Gribov, K. A., J. Gen. Chem. (U.S.S.R.), 2, 929 (1932); Chem. Abs., 27, 

19. Vorozhtzoy, N. N., and Kozlov, V. V Gen. Chem. (U.S.S.R.), 2, 939 oe a 1610 
19379) Chem. Abs., 21, 2440 (1933); 31, 5349, 8528 (1937); Org. Chem. Ind. (U.S.S.R.), 4, 399 
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an isomer containing another hydroxyl group and an NO instead of an 
When the magnesium salt of 1,8-nitronaphthalenesulfonic acid is ex 
light, the dark precipitate is probably the cyclic magnesium salt of 2 
azonaphthalene-8,8’-disulfonic acid. 

The change occurs better on wool than on silk or cotton, but it can aia 
observed in aqueous solutions of the salts, especially the magnesium salt i 
reaction is faster in neutral or alkaline than in acid solutions. It js hinde . 
oxidants. When the substituents are in the “quinogenic” (1,5 and 1,7) ool 
the acid is less sensitive than when they are in the 1,6 and 1,8 Positions Sitig 
paper soaked in these solutions and exposed to light is rinsed with dilute ¢ a 

bichromate solutions, the colors are set better than if pure water is used. NA 
anthracene-1l-sulfonic acid forms a dark compound when exposed to ]j 
meso-nitro-anthracene-2-sulfonic acid gives a colorless compound. 

Steiger 5 studied a number of these compounds, as well as some containing 
nitro- group and, in place of or in addition to the sulfonic acid group, the ime 
group. The 1,8-nitromethylnaphthalene is more sensitive than o-nitrotoluene . 
nitronaphthalene. Its 5-sulfonic acid also is extremely sensitive. Pyriqjn: 
1-nitronaphthalene-8-sulfonate and the corresponding N-methylpyridinium salt. 
potassium 1-nitronaphthalene-8-sulfonate, are also very sensitive. Compounde 
the series 5,1,8-CyyH; (NO 2) SOX with a substituent in position 5 are more se 
tive than those without it. The sensitivity varies with the group X and with - 
solvent employed. 2 ‘ 

NOs gr 
POsed to 4 
“hydroxy 4 

ght, 

| 
f 

{ — COMPO 
df 
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js converted into 4-methyl-@-naphthopyrone to the extent of 70 per 

action of ultraviolet rays. On the other hand, a modification of the 
nal acid, which melts at 146°C. rather than 112°C. and which is regarded as 
E the cis configuration, is unaltered when similarly treated1° It is suggested 
vie trans form is converted into the cis form during irradiation. The mole- 
| of the latter may, however, be activated in such manner that the transfor- 
© does not stop at this stage, but proceeds further until cyclization to the 
5 -oumarin-type of molecule has been effected. On the other hand, irradiation 

- not appear capable of activating the molecules of the cis form to the extent 
Beary for formation of the pyrone. , van 

4 queous solutions of sodium naphthionate undergo a change in surface tension 
Bit. By placing a drop of the liquid in a horizontal capillary tube and expos- 
‘one meniscus to light from a mercury arc, Grumbach and Schlivitch 11 esti- 
ed the increase 1n surface tension by the speed of motion toward the lighted 
| Tt is of the order of 1 to 2 mm. per hour. Aqueous solutions of fluorescein, 

fofluorene and uranyl nitrate, xylene solutions of anthracene and alcoholic 
tions of xylene and gasoline behave in.a similar manner but solutions of ferric 
pride or oxalic acid do not. 

‘The ammonium salt of g-nitrosonaphthylhydroxylamine reddens when applied 
filter paper and exposed to the rays from a quartz mercury-vapor lamp. Rays 
wave-lengths transmitted through glass are effective in producing this change.12 
‘B,@-Azoxynaphthalene, which has a pure yellow. color and melts at 164°C. on 

-o1 ort, 

by the 

posure to light (preferably in alcoholic solution) is converted irreversibly into 
red isomer melting at 162°C. Both forms are stable toward alcohol in the dark.18 
he a,@’-azoxynaphthalene undergoes a change to a red form14 regarded as a 
ydroxyazonaphthalene. Despite the fact that attempts to characterize-the red 
odification as such by benzoylation or methylation failed, support for this struc- 

Data for the absorption of twenty substituted 1,2- and 1,4-naphthaquinones }, 
been given by Beck, MacBeth and Winzor.6 These observations played a part 
the determination of the structures of two dyes, droserone and hydroxydroser; 
derived from the insectivorous plant, Drosera whittakert. ! 

The substituted naphthoquinone, 2-methyl-1,4-naphthaquinone, gradually Io 
its color in sunlight.7_ After two months, ether removed a colorless irradiat: 
product, melting at 235°C. It is a dimer formed by 3,4-addition of two molect 
of the naphthaquinone and contains a cyclobutane ring. That the quinone carbo 
groups did not function in the dimerization was shown by the formation of a tetr. 
oxime of the dimer. These observations were made in the course of an investis 
tion of the structure of the pigment phthiocol of the tubercle bacillus. 

Dilute aqueous solutions of 2-hydroxy-1,4-naphthaquinone at 70°C. on expos 
to ultraviolet light give isonaphthazarin and mainly, 3,3’-dihydroxy-2,2’-dinay 

thyl-1,4,1’,4’-diquinone.® ‘ 
When the reaction product of 3-chloro- or 3-bromo-1,2-naphthoquinone a 

2,3-dimethylbutadiene in chloroform is heated at 100°C. in sunlight, the red so 
tion becomes yellow in about 45 minutes, then changes to red and finally becom 
yellow again. After five hours there results 36 per cent of 2,3-dimethyl-1,4,11)] 
tetrahydrophenanthrenequinone-11,12-endo-2’,3'-dimethyl-2’-butene. In the da 

16 to 20 hours of heating would be required. The product is a brilliant yello 

changing to nearly colorless on exposure to the light.® a 

An acid formed by the action of alkali and red mercuric oxide on 4-methyl-{ 

naphthopyrone followed by treatment with hydrochloric acid, when dissolved 

[7 

: 

de 

a 

= 

i] 

7 5 Steiger, R. E., Helv. Chim. Acta, 16, 793, 1315 (1933); 17, 701, 1354 (1934). 

6 Beck, A. B., MacBeth, A. K., and Winzor, F. L., Australian J. Exptl. Biol. Med. 
(1934); J. Chem. Soc., 325, 334 (1935). - 

7 Madinaveitia, J., Rev. acad. cienc. Madrid, 31, 617 (1934); Chem. Abs., 29, 5438 (1935); Am 

soc. espan. fis. quim., 31, 750 (1933); Chem. Abs., 28, 1036 (1934). 

8 Hooker, S. C., J. Am. Chem. Soc., 58, 1212 (1936). 

9 Fieser, L. F., and Dunn, J. T., J. Am. Chem. Soc., 59, 1021 (1937). 

Sew 12, ; J 

| 

; B-naphthaleneazo-8-naphthol. 

wonaphthol, melting at 224°. 

R-N-N-R 

Yellow azoxynaphthalene 
ren! 

7 
7 

61 

& 

re is afforded by a comparison of the absorption spectra of both forms with that 

ri. s 

Cumming and Steel,’? however, note that exposure of the a,@’-azoxynaphtha- 
ne to sunlight or to the light of a mercury-vapor lamp for a short period pro- 

a red isomer of the same melting point. Further exposure produced an 
This change they formulate: 

Sr Rigel od R—N=N—-ROH i 

¥ —_— — ay” 

Red isomer Azonaphthol 

: 1,2,7,8-Di- (1’,5’-tetrazolo)-4-methyl- (1,8-naphthyridine, 1,2,7,8-tetrahydride), a 
ight yellow material, becomes brown in a few days in air and light.16 ‘ 

Ebetiyb naphthopyrone, i sufficiently prolonged. 
7 ji 

_ Exposure to light converts §-2-hydroxy-1-naphthylcrotonic acid completely into 
n 1 | -Dimethylcoumaric acid 
e ds 4,7-dimethylcoumarin:; 4 

5 bd 
ea B., and Lakshminarayanan, A. K., J. Indian Chem. Soc., 11, 373 (1934); Chem. Abs., 28 

a orumbach, A., and Schlivitch, S., Compt. rend., 181, 241 (1925). 
» Baudisch, O., and Fiirst, R., Ber., 45, 3426 (1912). ‘ 

‘ "13 . ° i Cumming, W. M., and Ferrier, G. S., J. Chem. Soc., 125, 1108 (1924). 
Y ™ Baudisch, O., and Fiirst, R, Ber., 45, 3426 (1912). 45 : 
vy cumming, W. M., and Steel, J. K., J. Chem. Soc., 
. O., Ber., 59B, 2465 (1926). 
,. wurty, ao, P. S., and Seshadri, T. R., Proc. Indian Acad. Sci., 6A, 316 (1937); Chem. s 

a. $., R 
a 32, 3362 (1938). 

123, 2465 (1923). 
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ANTHRACENE 

This hydrocarbon differs from naphthalene in exhibiting an interestin ‘q 

merization reaction. Anthracene exhibits strong absorption bands at 3g09 

3400 and 3260A.18 Bands were also found at 4450 and 4750A by Tayo. ylor— 
Lewis,!9 who believed absorption in these bands to be responsible for the 

absorption band at 3750A and 3100A since the reaction can be carried out in 

Castille 21 finds anthracene to exhibit ten bands between 3800 and 2850A anq , 

more in the extreme ultraviolet.? 

The formation of an insoluble white precipitate when anthracene is irradi: 

in benzene solution and the recognition that it is dianthracene were subjec , 

early observations by Fritsche,?? Elbs,** and Orndorff and Cameron.2® Jy 

ness the polymer yields anthracene by a thermal reaction which goes practice. 

to completion. The process has been employed as a means for the purificatior 

anthracene.26 A solution of crude anthracene in benzene, toluene or coals 

naphtha is irradiated by ultraviolet rays, the dianthracene separating and leay 

carbazole, phenanthrene and most of the other compounds originally present 

impurities in solution. The dianthracene is filtered off and reconverted ; 

anthracene by sublimation, yielding a product of purity of 95 per cent or hia 

The method has also been employed for the removal of anthracene from 5 

materials as phenanthrene and fluorene in which it is a contaminant.?7 

The photostationary states set up between the polymerizing photochemical ¢ 

the depolymerizing thermal reactions in phenetole, anisole and xylene soluti 

were studied by Luther and Weigert.?® This is an instance of a photostation 

state between two reactions one of which is purely photochemical and the ot 

purely thermal. The, depolymerization follows a unimolecular course, is unaffee 

by light, and has a temperature coefficient of 2.8. The temperature coefficient 

the polymerization is only slightly greater than unity. Recently, Lauer and 

1s Hyatt, J. M., Phys. Rev., 19, 391 (1922). 

19 Taylor, H. A., and Lewis, W. C. M., J. Am. Chem. Soc., 46, 1606 (1924). 

20 Capper, N. S., and Marsh, J. K., J. Am. Chem. Soc., 47, 2847 (1925). 

21 Castille, A., Bull. acad. roy. med. Belg., 8, 74 (1928); see also Shishlovskii, A. A., Compt. # 

cad. sci. U.R.S.S., 15, 29 (1937); Chem. Abs., 31, 6110 (1937). 

22 For further data on various derivatives, see Barnett, E., Cook 

(1932); 66B, 202 (1933); Lauer, K., and Oda, R., Ber., 69B, 137 (1936); Haack, E., 

(1929); Barnett, E., Cook, J. W., and Matthews, M. A., Ber., 60, 2353 (1927); Clar, E., Ber, 8 

350 (1929); 63B, 112 (1930); Clar, E., and Guzzi, A., Ber., 65B, 1521 (1932); Fieser, L. i sv. an He 
Ow; 

esas J. Am. Chem. Soc., 57, 1681 (1935); Obreimov, I., and Prichotjko, A., Physik. Z. 

28 Fritsche, J. prakt. Chem., 101, 337 (1866). 

2% Elbs, K., J. prakt. Chem., 44, 467 (1891). 

25 Orndorff, W. R., and Cameron, F. K., Am. Chem. J., 17, 658 (1893). 

26 Downs, C. R., U. S. P. 1,303,639, May 13, 1919; Chem. Abs., 13, 1862 (1919). 

27 Capper, N. S., and Marsh, J. K., J. Chem. Soc., 724 (1926). 

Luther, R., and Weigert, F., Sitzb. Akad. Wiss. Berlin, 828 (1904); J. Chem. Soc. 86, ii 

(1904); Z. physik. Chem., 51, 297 (1905); 53, 385 (1905). 

29 Tauer, K., and Oda, R., Ber., 69B, 137 (1936). 

ence of the polymerization reaction. Subsequently, however, it was show 

the latter two bands are due to the presence of chrysogen as an impurity,20 a a 

and Marsh observed that pure white anthracene fluoresces with a violet-blye “ 

and that the addition of a trace of chrysogen changes this to the familiar nal 

cent green glow observed in most samples. For this reason, to excite them 

fluorescence of anthracene the exciting light would have to be shorter than 44 y 

They believed the light effective in polymerization must lie between the ¢ 
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the polymerization rate to be the same in hexane, cyclohexane, cyclohexene 

Byanol. It is considerably greater in acetic acid and, particularly, in be 
4g attributed to an effect of these solvents in displacing the a ene he S nee = 

thracene toward longer wave-lengths. Double bonds in the solvent ae ies 
+s distinct accelerating effect on the reaction. The results in cycloh iid 

somewhat uncertain because of a datkening of the solvent. It was ae i aa 
uther and Weigert that in solutions in°which absorption was complete a ee 
ease Of anthracene concentration tended to increase the rate of pol saci 

rates approaching a limit at higher concentrations. Various sald fr ee 
~pts were made to account for this.3° . fae 

( By. 
play | 

Sf G 

4 

Re tently, Weigert a verified the dependence of the rate upon concentrations in 
es of those at which absorption is complete. He employed the lines 3660 
5 OA of the mercury arc. At very low concentrations, below 0.005 per cent 
yield was approximately proportional to the concentration. At high S 
sate increased with concentratio hing” fa een ane 
a n 1on approaching asymptotically a maximum at 
ut 2 per cent concentration. Between 87° and 137°C., no influence of tempera 

A 
“i 

“Ts 

s or solvent was observed. The quantum yields were 0.254 at 3660A and 0.228 LU 

3130A. | . 
; ( 

y eigert proposed a more elaborate mechanism for the polymerization than that 
Bodenstein who merely assumed that an activated anthracehe molecule on 
lision with a normal one formed the polymer. Weigert assumed that an acti- 
ted molecule on collision may utilize its activation energy in opening the bond 
ween the two central carbon atoms forming a diradical with two tervalent 
rbon atoms. Two of these can then unite to produce the polymer 
. eo the perry that this mechanism is unnecessarily elaborate and that 
e dira ical may be directly produced as a result of absorption. Clar 32 suggested 

he me of certain absorption bands is referable to the production of annetred 
ns at the meso- positions. \Schénberg 33 assumes libri posi onl a photoequilibrium bet 

e normal and the diradical forms tad evel 
Ie 1 certain anthracenes, which cannot b 
tically detected because of the small Concentration of the diradical fae 2 i “ngs Aaa ; pen meeecee is oenvegs with short wave-lengths (1800 to Z000A), it 

photoelectric effect.24 At the same time th : | ere occurs a surface forma- 
Pr eee on the crystals. This Suzuki and. Volmer 35 regard ee 
secondary to the internal photoelectric effect. They find it possible to pre 

its formation by placing metal foil b 5; 
MMMM cf 2000-14000 volts perm tne ranted face and 
“ss ° . 7: oo of Various Anthracene Derivatives. Polymerization of B-methyl 
. eisa photochemical reaction similar to that of anthracene.26 2-3-Benz 

acene in xylene is readily oxidized by air to the quinone with the aid of 

da 

Od 
‘ 

Soc., 885 (1928); Pestemer, M., and Cecelsky, J., Monatsh, 59, 113 (1932); Clar, E., Ber., 658, ultraviolet light.27 The oxidati ' : : ; 
: me g idation of dihydrobenzanthrone is markedly accelerated 

light. 

_® Weigert, F., Z. physik. Chem. : } 
a F., Naturwiss., 15, nee Tee aaree Seey ean: 
» be E., Ber., 65B, 503 (1932). 
eae A., Trans. Faraday Soc., 32, 514 (1936). 

: . ae and Riggert, K.,. Z. bhystk. Chem., 100, 502 (1922). 
, » M., and Volmer, M., Naturwiss., 23, 197 (1935). _~’ Orndorff, W. R Ags Pov. K., and 
ean a. fey ne H. A., Am. Chem. J., 22, 152 (1899); eigert, F., and Kriiger, O 
"C) 5 ar, E., Ber., 65B, 503 (1932); 68B, 2066 (1935). 

°9 
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E pecomes rapidly converted into dimethoxynaphthadianthrone and dimethoxy- 
a throne. ‘ : ; Seber 4! observed that the resulting dyes were off-color when textiles which 
‘ pen dipped in solutions of the leuco- compounds of certain halogen-containing -eaguinone and indigoid dyes were exposed to sunlight before oxidation. He 
a ded this as due to dehalogenation, since the color produced in each case cor- e ded to that of the halogen-free dye. This suggested a method for the - of halogen from compounds of the anthraquinone series. Goldstein and “Aer #® applied it with success in a number of cases. The effect is due to ” rather than to ultraviolet light. 1- and 2-Chloro-, 1- and 2-bromo-, and 
joro-4-hydroxyanthraquinone were exposed in alkaline sodium hydrosulfite brions to a 500-watt Eastman “Floodlight” with exclusion of ait. The anthra- 
jroquinones were then oxidized by air and the amount of dehalogenation cal- 
ated from the halogen content of the crude product. The final product from 
4 of the halogen anthraquinones was identified as anthraquinone and that from 
chloro-4-hydroxylanthraquinone as qa-hydroxyanthraquinone. The a-halogen 
much more readily removed than 8-halogen, and bromine more readily than 
lorine. 

BM Gy droguinol-a-catboxylic lactones in alkaline, acid or neutral solutions 
sensitive to air, especially in benzene or xylene in light.4¢ The 2-methyl sivative of anthrahydroquinol-1-carboxylic lactone gave chiefly with typical ddizing agents 2,2’ -dimethyl-9,9’-dihydroxyl-1,1’-dicarboxylic dilactone. Aqueous 

id especially alcoholic alkalies dissociate the latter with formation of an olive- 
sen solution containing the salts of the anthraquinone and the anthrahydroquinol 

apparently in quinhydrone-like combination. Probably the primary step is 
ociation into an anthoxyl radical with univalent oxygen. Exposure in acetic cid to ultraviolet light, and heating in certain organic solvents, apparently also ings about a similar dissociation. : 

“Much has been written in regard to the use of anthraquinone derivatives in 
acilitating photochemical oxidations of a wide variety of organic compounds. The raquinone in light acts as an oxygen carrier, the carbonyl groups being ced to carbinols. These regenerate the anthraquinone on shaking with air. n dextrose is the oxygen acceptor, this reaction occurs also in the dark.47 t quinones (benzoquinone, naththoquinone, acridone) xanthone and benzo- one are less effective. Anthraquinone is unable to oxidize naphthalene in acetic cid to phthalic acid. be 
‘Kreidl 48 uses as catalysts 

tydrocarbons containing at least three condensed nuclei, such as anthracene; sub- 

ANTHRAQUINONES 28 

Anthraquinone has five bands between 4250 and 3600A, one broad band bet, 
3500 and 2850A and four bands between 2800 and 2300A. Methylanthraguin 
and their mono- chlor-, brom- and nitro- derivatives have been observed by Sch. 
schmidt and Kasai 39 to change from a yellowish-white to a brown color 
sure to a mercury arc. Various ones exhibit the following order of q 

sensitiveness : 4-chloro-1-methylanthraquinone, 2-methylanthraquinone, 1-met] 
anthraquinone, 3-chloro-2-methylanthraquinone, |-chloro-2-methylanthraguins 
1-chloro-2-bromomethylanthraquinone, 1,3-dimethylanthraquinone. (1,3-Dimey 
benzophenone was not appreciably affected when similarly treated.) » Taz chat 
at least in the first of these, occurs in a vacuum or in nitrogen as well as when 
is present. The change is therefore considered to consist i a panstormation | 
a highly colored quinonoid modification which is not completely reconvertedig 
the original form when rapidly crystallized from alcohol. am 4 

Eckert #9 has noted that when 2-methylanthraquinone in acetic acid is expo 
for a long time to sunlight with free access of air, the solution becomes Increasin 

turbid with formation of, chiefly, 2 anthraquinonecarboxylic acid, together wj th 
alkali-insoluble product, which is very probably 2,2’ -dianthraquinonylethane, Ott 
derivatives of 2-methylanthraquinone and of 1-methylanthraquinone react j D 

same way, although less markedly. The oxidation of the former proceeds m 
more slowly or not at all in other solvents such as toluene, which is itself oxidi 
to benzoic acid. 4 

He also: observed #! that a solution of potassium anthraquinone-1-sulfonate 
hydrochloric acid (1:1) on exposure to light evolves chlorine and yields 1-chle 
anthraquinone. Potassium anthraquinone-1,8-disulfonate similarly forms 1,8 
chloroanthraquinone, but the 1,5-disulfonate yields mainly the 1-chloro-5-sulfor 
and only little of the 1,5-dichloroanthraquinone. Sodium anthraquinone-2,6 i 
fonate affords little 2,6-dichloroanthraquinone and much sodium é-chloroanth 
quinone-6-sulfonate. Anthraquinone-2,7-disulfonic acid yields only products 
uble in water. It was possible to isolate 2-chloroanthraquinone-/-sulfonic acid 
an isomer. The nitroanthraquinonesulfonic acids react with greater difficu 
5-, 8-, and 6-Chloro-1-nitroanthraquinones have been obtained from hie 
sponding sulfonic acids. The bromanthraquinones could not ee Fs ater : 
exposing solutions of anthraquinone-1 (and -2) sulfonates He is fe ie 4 

although bromine was readily liberated. Eckert and Hampe ; n 7 

methoxy-meso-benzbianthrone in chlorobenzene is converted by long expos , 
light into naphthobianthrone. ; % re ie Nitin to light, 3,6’-diacetoxydianthraquinone in ive in 

slowly changed into diacetoxynaphthadianthrone.*? A solution of 3,6’-di a a ee reg conderier aug : e 

hol on exposure to light deposited crystals which ae : ast quinonoid carbon atoms than corresponds to 

ers, “di oe hthadianthrone and a little diacetoxyhelianthro anthraquinone ; substitution products of such substances ; or hydrogenated products 
Seon Gide a : de dianthrone is evaporated in daylight, | ot hydrocarbons with a ring system containing at least three condensed nucle: wor 
oe aga WN hi od ahd : It substitution products. Nozicka 49 effected such photochemical oxidation processes in the presence of a catalyst of the anthraquinone type in conjunction 

On e . 

: i . Soc. Chem. Ind Jap i , Hayashi, M., Kawasaki, K., and Nakayama, A., J : Di Gs 
36 ‘Sn eae tad tissae Asahina, Peri oe i a each C6235 45 io Hie 

’ . ws ; h : Soc., 1813 ‘ ayas 1, *3 . ) ce) . Sot. 1 

oy ea noel Bie eae: 239 (1934); Marriott, G. J., and ee ge ees son Sea 
(1034) Castille, A., Bull. acad. roy. med. Belg., 8, 74 (1928); Clar, E., Ber., ’ “a 

89 Schaarschmidt, A., and Kasai, K., Ber., 57B, 1671 (1924). 

40 Eckert, A., Ber., 58B, 313 (1925). 

41 Eckert, A., Ber., 60B, 1691 (1927). 

42 Eckert, A., and Hampel, J., Ber., 60B, 1693 (1927). 

48 Perkin, A. G., and Yoda, G., J. Chem. Soc., 127, 1884 (1925). 

ne Weber, A. E., Dyestuffs, 33, 1 (1933); Am. Dyestuff Reptr., 22, 157 (1933); Chem. Abs. 27. 3336 33); Brit. Chem. Abs., 1933B, 344. ‘ ); Satta te * Goldstein, A. E., and Gardner, J. H., J. Am. Chem. Soc., 56, 2130 (1934). Meecholl, R., and Renner, F., Ber., 62B, 1278 (1929). |, Pfeilsticker, K., Biochem. Z., 199, 8 (1928). eed), 1. U.S. P. 1,971,042, Aug. 21, 1934; Chem. Abs., 28, 6066 29): | ’ Nozicka, F., German 'P. 526,195, October 27, 1929; Chem. Abs., 25, 4184 (1931). | 
q 
: 
4 
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with one or more auxiliary catalysts, such as sodium or potassium hyd j 
active carbon, inorganic gels or oxides of copper, bismuth, iron, vang din 

silver. Illustrative reactions ®° are the oxidation of toluene to benzoic adi 
paraffin oil to fatty acids, of lepidine to cinchoninic acid, etc.°t ‘¢ 

Oxidation of Anthracene. Hibberd*” states that anthracene exposed to q 

light or to light of the Fade-Ometer (See Chapter 30) becomes yellow o; ba 
and gives a positive reaction for anthraquinone. Dutfraisse and Gérarqs3 | 
that under certain conditions anthracene combines with oxygen to form q Colo 7 

acridine and 9-phenylacridine give no light-stable photo-oxides.61 
Naphthacenes. The red hydrocarbon rubrene, CyoHg, (tetraphenyl 
Ene) forms a peroxide when its benzene solution containing dissolved oxygen is 
psed to visible or ultraviolet light; no oxidation occurs in darkness.62 The 
yxide is stable in solution, colorless and has a molecular weight of 561. Schon- 

o 63 believes light converts rubrene into an activated diradical form, which adds 
wen to form the peroxide. 

; | 

Loran Ree vriks, ier a4 | | 
crystalline photo-oxide of the structure CgH,:CH-CgH,:CH. This is stable 

|__. —_—| 

ordinary temperatures, but at 120°C. decomposes explosively without evolution 
oxygen. It can be titrated with potassium iodide, which reduces it to anthers 

or oxanthrol, but isomerization and subsequent oxidation to other products . 
occur. The photo-oxide resembles oxanthrone in state of oxidation and in viv) 
with hydrochloric acid and hydrobromic acid, 10-chloro- and bromoanthgg 

; ‘ ae ; er a CPh. 
respectively. 9-Phenyl-10-iodoanthracene is irregularly photo-oxidizable. 9-Phe, 4 ee /&Ph O, GPRadis 

10-carboxyanthracene and its methyl ester are also photo-oxidizable, hyt ON * : CoH Om a | cuttac >| 

carboxyl group apparently hinders the addition of oxygen. The photo-oxi¢e a . ; CPh—O— |» 
9-phenylanthracene can be obtained in only 30 per cent yield.*4 _ Rubrene Diradical Payseide 

Although the 9,10-diarylanthracenes form photo-oxides that dissociate on he 
ing, that of anthracene explodes at 120°C., and that of 9-phenylanthracene degg 

poses at 155° with emission of about 12 per cent of oxygen.®> 10-Methyl ; 
10-ethyl-9-phenylanthracene photodxides behave more like 9-phenylanthracene 4 
like the diaryl compounds, decomposing at 170° and 200° with evolution of 20. 
34 per cent of oxygen, respectively. 

To determine whether the reason that anthracene photo-oxide does not libe 
all its oxygen on pyrolysis while the corresponding diphenylanthracene phe 
oxide liberates 95 per cent of its oxygen °® might be the greater oxidizability 
hydrogen as compared with the phenyl group, Dufraisse and Priou ®” studied 
meso-dimethoxy-photo-oxide in the expectation that the methoxyl radical y 
be less oxidizable than the phenyl. They found, however, that this explanat 
does not hold, since the compound is unstable in light, especially when in solut 
It melts at 145°C., with decomposition, leaving a residue of anthraquinone. Wi 
mart ®8 found 9,10-di-a-naphthylanthracene, as well as the di-@-naphthyl co 
pound, when exposed to sunlight in the presence of air to yield photooxides. a 
latter heated at 180-200°C. lose oxygen and regenerate the hydrocarbons.°9 — 

he presence of hydroquinol and pyrocatechol and their methyl ethers retards the 
action. Dissociation of the peroxide into rubrene is accompanied by the emission light. If ai benzene solution of the brown form (which owes its color to the pres- ce of an impurity and is really yellow.) is exposed to sunlight and then heated to 

0°C., the solution becomes luminous. Irradiation destroys the impurity, but the olution can again be activated by sunlight. When in the solid state the ellow orm is luminous after exposure to sunlight, but it is not luminous in alton J 
_ The quantum efficiency of the formation of the 
> 

peroxide of rubrene rises to unitv 
centrations Spe than 0.01 molar, and is independent of wave-length between 0 and 5460A.%4 Bowen and Steadman believe the reaction to depend on ter- 
ular collisions between an 1 activated and a normal rubrene mole 
n molecule. 

heme 
The mechanism of the reaction has been the subject of recent discussion.®5 schumacher believes an excited rubrene molecule R- incapable of forming a stable £ = by esse with an oxygen molecule, unless it has previously e another R molecule to give a long-lived R* molecule which can eo Another possibility, applicable to the results at low oxygen 8, 1s tor an R~ molecule to form with oxygen an unstable RO, molecule 

50 French P. 702,183, Aug. 27, 1930, to Vereinigte Chemische Fabriken Kreidl Heller & Co.; Ch 
Abs., 25, 3919 (1931); Austrian P. 151,652, Nov. 25, 1937; Chem. Abs., 32, 2029 (1938). A 

51 See also German P. 624,964, Feb. 1, 1936, to Kreidl, Heller & Co.; French P. 739,711, July 6, 1 
German P. 536,195, Oct. 27, 1929. q 

52 Hibbert, E., J. Soc. Dyers Colourists, 44, 377 (1928); Brit. Chem. Abs., 1929B, 88% 

58 Dufraisse, C., and Gérard, M., Compt. rend., 201, 428 (1935); 202, 1859 (1936). For af 
detailed study of the influence ie solvents oe aoe eda apace wie age ee ye hag h Pa be s Philized tis; 
common intermediate an unstable dimer, see Dufraisse, C., and Gérard, M., Bull. soc. chim., % + =" collision wi ‘ i aoe 4 Y vith another R molecule. Neither excited 

54 Dufraisse, C., Velluz, L., and Velluz, Mme., Compt. rend., 203, 327 (1936). Since phenant! © Willem 
lore varemart, A., Compt. rend., 2 4976 2 - rend., 205, 866, 993 (1937 ; Bull. } aie For 9-alkyl-10-phenyl-anthracenes, see BA an eee 1447 (1937) 

Ba a. - — Houpillart, J., Bull. soc. chim., 5, 626 (1938) 
m ..! u, U., Dufraisse, C., and Lott : : 
i Ps. Butler, C., Ibid., 183, 101 (1926), P., Compt. rend., 190, 148 (1930); Moureu, C., Dufraisse, 
ters, A., Ber., 67B, 633 (1934), 
Mec...” © J. and Steadman, F., J. Chem. Soc., 1098 (1934). Gaffron, TH Bi 

Wiad » Hl., Biochem. Z., 264, 251 (1933): 
58 Willemart, A., Compt. rend., 201, 1201 (1935). W., and Schau her’ a” 2; Schumacher, H. J., Z. Elektrochem.. 42 522 C1 . 

59 See also Willemart, A., Compt. rend., 202, 140 (1936); Bull. soc. chim., 4, 510 (1937) for the ithe’ Gaffron, H.., at Ca Ae pinecig | B35, 11 (1937); Brit. Chem. Abs., he eee. 
derivatives. ot, H. J., Z. physik. Chem., B37, 462 (1937). ); Brit. Chem. Abs. A, I, 40 (1938); Schu- 

and naphthalene structures do not form photo-oxides, this is a phenomenon different from the @ 
erated photo-oxidation of numerous unsaturated compounds. Dufraisse, C., and Priou, R., Bull. 
chim., 5, 611 (1938). 4 

55 Willemart, A., Compt. rend., 203, 1372 (1936);. Bull. soc. chim., 4, 357 (1937). a 

56 Dufraisse, C., and LeBras, J., Bull. soc. chim., 4, 349 (1937); Dufraisse, C., Velluz, L., an@ 
luz, Mme., Ibid., 4, 1260 (1937); Velluz, L., and Velluz, Mme., Bull. soc. chim., 5, 192, 606, | 
(1938); Chem. Abs., 32, 3379 (1938). 4 

57 Dufraisse, C., and Priou, R., Compt. rend., 204, 127 (1937). 

+» 5) 556 (1938); Chem. Abs., 32, 
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_74 The residues from the resulting solution are complex and, when heated, 
a mainly carbon dioxide mixed with from 3.7 to 6.0 per cent of the amount 
Sen to be expected from a peroxide. In sunlight, a solution of 0.0678 gm. of 
ao triphenylnaphthacene (triphenylrubrene) in 2.5 cc. of benzene absorbed one 
fof oxygen in an hour and became colorless. Larger-scale work led to the 
Mion of the photo-oxide, C3gH :4O2.CgHg which, on heating under various con- 
m liberated from 6 to 15 per cent of oxygen. It is probably an internal 
3 _dioxytriphenylnaphthacene.” , 

* texabromotetraphenylrubrene in benzene in direct sunlight forms colorless 

Byajs of the peroxide, which decomposes to yield 76 per cent of the theoretical 
nunt of oxygen at 150°C. in thirty to forty-five minutes or in fifteen minutes 

i 

0° C.7° 

OTHER HypROCARBONS 

oxygen molecules nor long-lived excited R molecules are believed to plawl 

important part in the reaction. Gaffron found that at small concentrations ] 

oxygen pressure affects the quantum yield. From data on the quantum yielg: 

small oxygen pressures, he concluded that there must be, in addition to the ording. 

short-lived, active form of rubrene, another comparatively long-lived (10-2 t, 

second) active form during the life of which every collision leads to. reactia 

Schumacher has finally suggested that Gaffron may not have measured the », 

rubrene oxidation. The discussion of the mechanisms, too intricate to be a 

here, is of some significance for the theory of photosensitized processes, sid 

Gaffron views the oxidation, at least in the case of high rubrene concentratia: 

as what may be called a self-sensitized process. 7 

The relative rates of oxidation of tetraphenylrubrene in 1: 10,000 dilution 
ten organic solvents in the light of a carbon arc have been determined by Dufrax. 

and Badoche,®* that in benzene being taken as unity. The highest value, 9 y 

obtained in carbon disulfide. That in nitrobenzene was 0.10. These different pat 

seem to be connected with the ability of the solvents to accept oxygen. In the « 
of nitrobenzene, however, it is probably related to the ability of the solvent 

extinguish fluorescence. The high rate observed in carbon disulfide is great 
reduced by the addition of ether. Acetone had little effect on the rate in nit, 

benzene. In general, the oxidation is the more rapid the more nearly the absor 
tion maximum in the given solvent approaches the red, but definite relations eg 

not be deduced. so 

It has been suggested that pure oxygen can be extracted from air by way of: 

dissociable photo-oxide of rubrene or of meso-diphenylanthracene.®* a 

The compound formed by exposure of a chlorophyll solution to light in ¢ 

presence of an acceptor 8 has a diradical character similar to that obtained in ¢ 

case of rubrene.®9 : j 

A review of the literature on the synthesis and photochemical properties of 

naphthacenes (a term used to replace rubrenes) has been given by Dufraisse a 

Horclois.7 Naphthacene forms a photo-oxide, CygHy:Oz, colorless needles, wh 

gives no oxygen on decomposition. Diphenyl-9-10-naphthacene gives a pho 

oxide, CoH 902, which liberates iodine from potassium iodide, but melts at 16 

without giving oxygen. 1,2,3,4-Tetrahydro-9,10-diphenylnaphthacene gives a phe 

oxide, Cg9H»4Oo, which regenerates the original hydrocarbon and liberates 

per cent of its oxygen at 200°C. The presence of two hydrogen atoms in ¢ 

1,1’-positions in rubrenes suppresses the reversibility of absorption of oxyger 

1,1’-Bis (p-tolyl) -3,3’-diphenyl-5,5’-dimethylrubrene, C4gH3¢, forms red soluti 

which are decolorized by light in the presence of air with the formation 0! 

peroxide.7? Dufraisse and Loury 7 found ethyl-1,1’ -diphenylrubrene-3,3’-dicarbe 

ylate to form a photo-oxide which at 190°C. loses a little oxygen and much carb 

dioxide. Solutions of 1,1,3’-triphenylrubrene-3-carboxylate in alcohol are moe 

ately rapidly decolorized by sunlight, but the corresponding acid is much m 

‘Chrysogen, the yellow impurity occurring with anthracene, and probably a 
grocarbon, is easily destroyed by exposure of its_xylene solution to light. It 
sparenitly undergoes polymerization to a colorless substance in a manner similar 

anthracene." | 
In the production of skin cancers in mice by the repeated application. of a 
per cent solution of 1,2-benzopyrene in, benzene, sunlight exerts an accelerating 

fluence.7® 
A benzene solution of benzaldehyde and acenaphthene, exposed to sunlight for 
yo years, yielded” two polymers of benzaldehyde, one previously observed by 
‘iamician and Silber,®° and the other a trimer previously obtained by Mascarelli,8! 
4 compound corresponding to the addition of a molecule each of acenaphthene 
nc benzaldehyde less a molecule of hydrogen. In addition, there were formed 
tilbene, isostilbene and resinous material. 

_ The autoxidation of decalin is accelerated by ultraviolet, according to Castigli- 
ni.82 The exposure of an alcoholic solution of 5-tetraleneacetic acid to the tadia- 
ion of a quartz mercury lamp yields dihydronaphthylacetic acid.83 | 

_ According to Goldschmidt and Reichel,®§* the yellow product obtained together 
with fluorenone and A®,*’-di-fluorenylene by the atmospheric oxidation of 0-amition 

rene in sunlight, or ultraviolet light, can also be formed with loss of ammonia 
when oxygen is passed over the base at 75 to 80°C. in darkness. It must be 

et afluorenylhydrazine, its colored solutions containing the radical (C,,;H»).N-. 
ically active, colorless, 3-methoxy-9-phenylfluorene-9-thioglycollic acid turns 

first yellow and then orange in ultraviolet light. This change occurs also in the 

A ™ Badoche, M., Compt. rend., 198, 662, 1515 (1934); 200, 750 (1935). 

q 4 Badoche, M., Bull. soc. chim., 3, 2040 (1936). 

_ ®Dufraisse, C., and Velluz, L., Bull. soc. chim., 3, 254 (1936). 

_ Capper, N. S., and Marsh, J. K., J. A 7. er, S., 2 [ s Je Bay Js Am. Chem. Soc.,' 47, 2848 (1925). F b i 
phe erene see Goldschmidt, S., and Graef, F., Ber., 61B, 1858 dis2ay. Teicn Re Cae oe ae 
a : ae nite ier 28, 1618 (1934) ; Clar, F., and Lombardi, L., Ber., 65B, 1411 (1932); 

Bie oe . 7} ay eit ey 09 (1935). It is not autoxidizable in light. Benrath, A., and v. Meyer, A,, 

60 HeSwe Asche, M.. +, wend, 200, 1103..(1935). 
tap ese, Ca BRE HARE parent’: Ses Meiiiaisin, J., and de Jonghe, A., Compt. rend. soc. biol., 117, 111 (1934) 

6? Dufraisse, C., and Le Bras, J., Bull. soc. chim., 4. 349 (1937). 

68 Gaffron, H., Biochem. Z., 264, 251 (1933); Chem. Abs.;..27, 5763 €1933). y 7 ™De Fazi, R., Atti accad. Lincei, 9, 1004 (1929); Chem. Abs., 24, 362 (1930) 

69 Schénberg, A., Annalen, 518, 299 (1935); Miller, E., and Miiller-Rodloff, I., Annalen, 511, _ *Ciamician, G., and Silber, P., Chem. Abs., 4, 1619 (1910). arf ‘3 

(1935); Chem. Abs., 29, 5320 (1935). gq _* Mascarelli, L., R. Accad. Lincet, 15, II, 375 (1906) 

i cai i C., and Horclois, R., Bull. soc. chim., 3, 1872, 1880 (1936); Brit. Chem. Abs. A, 14 as Saetielioni, A., Gazz. chim. ital 64, 465 (1934) : paren A abise Aca ante eta 

. Vufraisse, C., . ; : eS ee ; , GC, 

71 Dufraisse, C., and Loury, M., Compt. rend., 200, 1673 (1935); Chem. Abs., 29, 5108 (1935). 5 I. Soc, Chem. ha. Ae TN Chem. Abs., 21, 1914 (1927). For the irradiation of squalene, see 

7 Dufraisse, C., and Monier, J. A., Jr., Compt. rend., 196, 1327 (1933); see also Dufraissé, C., © Schroeter, G., Ber., 58, 713 (1925). . 
t. Jac & 

Chovin, P., Compt. rend., 197, 1127 (1933). 
“Goldschmidt, S., and Rei t Bs5 chel, L., Annalen, 456, 152 ; 

78 Dufraisse, C., and Loury, M., Compt. rend., 199, 957 (1934). a : Peo et 
] 
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case of solutions of phenylfluorenylcarbinols, but the 9- phenylfluorenes ar 
tive to light. Racemization is the principal effect of light. =o 

Crude synthetic perylene may be purified by exposing it to a quartz mere 
arc.86 Ether solutions of crude coal-tar show increased ultraviolet transmis 
after having been similarly irradiated.®* 

On illumination of a.cyclohexane solution of carotene, the pressure of ox 
above it in a closed vessel drops initially and reaches a constant value jy a ‘ 
threé hours. If all or part of the oxygen is then pumped out in the dark, ' 

re-illumination, a pressure rise is observed, indicating an equilibrium hey, 
carotene, its oxide and oxygen. But in the case of an-octane solution, the Oxy a 

pressure decreases linearly with time without reaching a minimum value, 88 1 

e in é 

Chapter om 

Compounds with Heterocyclic Rings 

OXYGEN-CONTAINING ‘RINGS 

8 Lifschitz, I., Rec. trav. chim., 54, 397 (1935); Chem. Abs., 29, 5437 (1935). g Essential Oils. The spontaneous transformation of solutions of various 
86 Postovskii, I. Y., and Bednyagina, N. P., J. Gen. Chem. (U. S.S. R.), 7, 2929: (1937); Chem, 4 srous substances into a colloidal state by exposure to light has been investigated 

as ne F. and Sheard, C., Proc. Soc. Exptl. Biol. Med., 26, 33 (1928). gwaatdemaker and Hogewind.’ In the case of several substances the change 

8 Baur, E., Helv. Chim. Acta, 20, 402 (1937). A syrred only in the presence of ultraviolet light and the resulting colloidal particles , a negatively charged. Among the substances studied were eugenol, cresol, Bicol, carvacrol, citral, cumidine, thymol and hypnone. 

A sample of dark yellow distilled lavender oil was. found by Ouilico 2 to be 
ogressively decolorized.by exposure to ultraviolet rays without losing its original 
erance. After one hour, 20 cc. were colorimetrically equivalent to only 19.5 ce. 

became 11.5 cc. after "6 2.5 after 14 and 0.5 cc. color equivalent after 21 hours. 
1 uucalyptus oil was decolorized slightly more rapidly. It wa suggested that the 
rn ation of oxygenized products caused the slightly lower results in the lavender 
The essential oil of Monarda fistulosa behaves in the opposite manner, becom- 

Bieown when exposed to light, according to Badzynski.3 

© Absorption data on a series of oils have been given by Morton * and may serve 

an aid in the identification of constituents. Maxima are found at 3070 and 
\ (wintergreen), 2810 and 2435A (almond), 2810A (clove), 2770A (thyme), 

OA (cinnamon and cassia), 2850 and 2330A (sassafras), 3110A (lemon), 
OA (mustard), 2320A (cade). Wormseed and mace oils show but little selec- 
absorption. Previous observations on the use of ultraviolet spectrograms in 

identification of essential oils were due to Boyer.® 

Balt i is well known that good quality peppermint oil when used in flavoring cer- 
tain candies or sugar preparations, such as ordinary mint tablets, loses its fine 

r on long standing. In the laboratory of the senior eather. a number of 
les of such tablets were exposed to the action of ultraviolet in order to test the 

stability of certain mint oils in the manufacture of confections. It was found that 
a few hours’ exposure afforded approximately the same aging effect as standing © 
on the shelves for a period of several months. The procedure appears to be a ready 
thod of testing materials of this class to determine quickly their keeping qualities. 

It is said that the oxidation of Russian turpentine is more rapid in sunlight 

Chan Mea*demaker, H., and Hogewind, F., Proc. Akad. K. Wetensch. Amsterdam, 21, 131 (1918); J. 
em. Soc., 116, ii, 14 (1919). 

' EE Ouilico, A., Rivista ital. essenze profumi, 10, 148 (1928); Chem. Abs., 23, 2784 (1929). 
® Badzynski, S., Wiadomoscki Farm., 60, 689 (1933); Chem. Abs., 28, 1815 (1934). 

,. Morton, R. A., Perfumer and eed Oil Record, 20, 258 (1929). See also Harvey, E. H., J. Am. Pharm. Assoc., 19, 1173 (1930); Chem. Abs., 25, 5850 (1931); van Os, D., and Dykstra, K., J. pharm. him., 25, 437,485 (1937). 
. 

Rover, J., Am. Perfumer, 17, 389 (1922). 
__” Korotkov, K. N., Mem. Belloruss. State Acad. Agr., 5, 16 (1927); Brit. Chem: Abs., B, 650 (1929); Lesokhim, Prom., 4, No. 11, 6 (1935); Chem. Abs.,; 30, eee (1936). 
91 (agi arisen, W. P., and Vollgraff, J. A., Chem. Weekblad, 12, 93 (1915); J. Chem. Soc., 108(ii). 80 
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case of solutions of phenylfluorenylcarbinols, but the 9-phenylfluorenes are ia 

tive to light. Racemization is the principal effect of light.°° - | 

Crude synthetic perylene may be purified by exposing it to a quartz mere 

arc.86 Ether solutions of crude coal-tar show increased ultraviolet transmige: 

after having been similarly irradiated.®? | “a 

On illumination of a. cyclohexane solution of carotene, the pressure of oxy 

above it in a closed vessel drops initially and reaches a constant value ip ant 

threé hours. If all or part of the oxygen is then pumped out in the dark 

re-illumination, a pressure rise is observed, indicating an equilibrium pet . 
carotene, its oxide and oxygen. But in the case of an-octane solution, the oni 

pressure decreases linearly with time without reaching a minimum value.88 | 

Ser 

Chapter 27 

Compounds with Heterocyclic Rings 

OXYGEN-CONTAINING ‘RINGS 

8 Lifschitz, I., Rec. trav. chim., 54, 397 (1935); Chem. Abs., 29, 5437 (1935). . gssential Oils. I'he spontaneous transformation of solutions of various 
86 Postovskii, I. Y., and Bednyagina, N. P., J. Gen. Chem. (U. S.S. R.), 7, 2929 (1937); Chem. 4 Brows substances into a eonondal. state by exposure to light has been investigated 

i atk F., and Sheard, C., Proc. Soc. Exptl, Biol. Med., 26, 33 (1928). eee comaker and oe Wie Uapccaang sib ain a change 
88 Baur, E., Helv. Chim. Acta, 20, 402 (1937). curred only in the presence ot ultraviolet light and the resu ting colloidal particles 

ates ea sre negatively charged. Among the substances studied were eugenol, cresol, 
Ljjacol, carvacrol, citral, cumidine, thymol and hypnone. : 

‘A sample of dark yellow distilled lavender oil was found by Quilico2 to be 
-eressively decolorized by exposure to ultraviolet rays without losing its original 
aerance. After one hour, 20 cc. were colorimetrically equivalent to only 19.5 cc. 

ecame 11.5 cc. after 7, 2.5 after 14 and 0.5 cc. color equivalent after 21 hours. 
ucalyptus oil was decolorized slightly more rapidly. It was suggested that the 

mation of oxygenized products caused the slightly lower results in the lavender 
1 The essential oil of Monarda‘fistulosa behaves in the opposite manner, becom- 
« brown when exposed to light, according to Badzynski.3 

~ Absorption data on a series of oils have been given by Morton 4 and may serve 
an aid in the identification of constituents. Maxima are found at 3070 and 

(wintergreen), 2810 and 2435A (almond), 2810A (clove), 2770A (thyme), 
(cinnamon and cassia), 2850 and 2330A (sassafras), 3110A (lemon), 
(mustard), 2320A (cade). Wormseed and mace oils show but little selec- 

absorption. Previous observations on the use of ultraviolet spectrograms in 
je identification of essential oils were due to Boyer.® 7 

It is well known that good quality peppermint oil when used in flavoring cer- 
in candies or sugar preparations, such.as ordinary mint tablets, loses its fine 

on long standing. In the laboratory of the senior author, a number of 
ples of such tablets were exposed to the action of ultraviolet in order to test the 
ility of certain mint oils in the manufacture of confections. It was found that 

hours’ exposure afforded approximately the same aging effect as standing 
he shelves for a period of several months. The procedure appears to be a ready 

method of testing materials of this class to determine quickly their keeping qualities. 
It is said that the oxidation of Russian turpentine is more rapid in sunlight 

* 1 Zwaardemaker, H., and Hogewind, F., Proc. Akad. K. Wetensch. Amsterdam, 21, 131 (1918); J. them. Soc., 116, ii, 14 (1919). | 
* Quilico, A., Rivista ital. essenze profumi, 10, 148 (1928); Chem. Abs., 23, 2784 (1929). 
® Badzynski, S., Wiadomoscki Farm., 60, 689 (1933); Chem. Abs., 28, 1815 (1934). 

_ Morton, R. A., Perfumer and Essential Oil Hecord, 20s 298 (1942). See also Harvey, B. Hy J. As. 

parm. Assoc., 19, 1173 (1930); Chem. Abs., 25, 5850 (1931); van Os, D., and Dykstra, K., J. pharm. ~ 
emm., 25, 437, 485 (1937). 

| * Boyer, J., Am. Perfumer, 17, 389 (1922). 
_* Korotkov, K. N., Mem. Belloruss. State Acad. Agr., 5, 16 (1927); Brit. Chem. Abs., B, 650 (1929); hin, Prom., 4, No. 11, 6 (1935); Chem. Abs., 30, 8658 (1936). 
Bigg s8<. W. P., and Vollgraff, J. A., Chem. Weekblad, 12, 93 (1915); J. Chem. Soc., 108(ii), 80 
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than in artificial light,® due to its ultraviolet rays. Jorissen and Vollgrafe7 4 
that the autoxidation of pinene under the influence of the rays from qa Uviol a 

increases the electric conductivity of oxygen. = 

Pinene itself on exposure to ultraviolet rays gives acetylene, ethylene | 

hydrogen, the liquid containing some isoprene.® : 

Dedichen and Halse® expose raw turpentine oil to the action of ultray; \ 

rays while subjecting it to the action of air or oxygen. The oil is then + q 

with iron chloride to refine and deodorize it, and obtain a mixture of 
B-pinenes containing dextrorotatory B-pinenes. ? | 

Selenious acid or anhydride may react, under pressure and in the Presence 

ultraviolet light, with compounds containing the group CH=CHChay eventy 7 

yielding unsaturated ¢-@-diketones. As starting materials, 1-methane, a-piner 

Bia : experiments with pinene and oxalic acid gave carbon dioxide, tar, much 

“panged pinene and oxalic acid and some acetic acid.?® : 
> Caryophyllene nitrosite in solution evolves nitrogen when exposed to red 

Rae Its absorption is confined to a narrow. band with its head at about 6800A.17 
ge antum yield is, for the nitrogen formed, 0.38 and for the disappearance of 

, pitrosite as determined optically, 1.37.18 These values were obtained with oxy- 
: excluded. In its presence, the latter value was higher, 2.9. The gas evolved 

a he absence of oxygen contained 86.1 per cent nitrogen and 13.9 per cent of 

urogen trioxide. 
That nitropiperonal becomes brown on exposure to sunlight was noted by 

Leley and Klemme.”° Since the isomeric nitropiperonal isolated from a Kahlbaum 
sodtict is brownish-yellow, it was thought that it might have been produced from 

-, ordinary form by a light reaction. When, however, ordinary nitropiperonal 

D exposed in thin layers to sunlight and to ultraviolet light, the brown product 

elded on recrystallization only nitropiperonal and a tarry brown residue but no 

reate 
QA-4 ar 

{ 

B-pinene, dipentene-3-methene and eugenol may be employed.1® 

When light acts on mixtures of acetone with some terpene-alcohols the fori 

tion of pinacols can be confirmed. No other derivatives could be isolated | 
Scagliarini and Saladini.1 Terpinol hydrate did not condense with acetone, 9 t 

ever, 79.7 gm. of acetone and 53 gm. of geraniol after thirteen months in sunliel 
eave 63 gm. of acetone, 32 gm. of geraniol and a yellowish residue, boiling , 
208-10°C. and composed of (CH) »C=CHCH,CH2.C.CH3=CHCH (OH) C(QB 

(CH3)5. From a similarly exposed mixture of acetone and menthol about 90 >. 

cent of the original compounds and an analogous condensation product were reea 

ered. Similar results were attained with borneol and acetone. i 

When air is passed through isoeugenol in which is immersed a lamp emitti; 

ultraviolet rays, vanillin is formed? The rate of oxidation depends upon tl 

penetrating power of the rays. This in turn depends upon the clearness of ¢ 

isoeugenol and makes necessary the use of the more expensive distilled isoeugene 

Even with this, the oil darkens in a couple of hours and the rate of oxidati 

rapidly decreases. Another difficulty attending the commercial application of 4 

process is the fact that the rapid circulation of air through the solution as employ 

in practice caused a considerable loss of isoeugenol by vaporization. In one ru 

in which 30,000 cu. ft. of air were circulated per hour through 800 lbs. of is 

eugenol, the loss amounted to about 80 Ibs. in eight hours. It was presumed thi 

the oxidation of the isoeugenol was due to the action of ozone formed in 4 

circulated air by the ultraviolet rays. Genthe and Co.™ claim that the yield 

vanillin may reach 95 per cent. a 

— Scagliarini and Saladini!* exposed 4.7 gm. of fenchone and 4 gm. of toluet 

1 100 cc. of water in 5-liter flasks full of oxygen to sunlight for nearly a yee 

Much carbon dioxide was formed and 9.3 gm. of benzoic acid could be separate 

from eight such flasks in addition to some acetic acid. Similar experiments wi 

fenchone and ethyl alcohol in water gave much carbon dioxide, considerable acet 

and some oxalic acids and an undetermined compound with 49.39 per cent carpe 

and 11.32 per cent of hydrogen. Neither fenchone nor alcohol could be oxidize 

separately and no easily oxidizable addition product of the two could be detecte 

' Piperitone in aqueous acetic acid or alcohol yields (in the light of a quartz 

vercury arc) needles of a dimer which can be separated into three fractions of the 

Bine composition and molecular weight, but which differ in form, melting point 

nd ability to form a semicarbazone. Carvone. seems also to form two dimers 

wnder these conditions. In sunlight, however, both piperitone and carvone each 
orm only one dimer.*° | 

 Pimpinellin when subjected in a thin layer to diffused sunlight for two and a 
bali months or to ultraviolet light for 16 hours, and then extracted with ethy! 

acetate, yields a dimer melting at 237-8°C. When heated four hours on a water- 

bath with 5-per cent sodium hydroxide this dimer gives furan-2,3-dicarboxylic acid. 

The action of light upon pimpinellin in cold acetic acid gives a different dimer, 

melting at 256-7°C., from which the furan derivative could not be isolated after 

alkaline treatment.?1 

Attempts to isomerize campholic acid by means of ultraviolet light have not 

been successful 22; nor does ultraviolet light accelerate the isomeric change of nitro- 

mphor, or of hydroxymethylene camphor.?? In the case of aminomethylene- 

phor there is a marked acceleration, which ceases when the stimulus is removed. 
nzoylcamphor also undergoes isomeric change more rapidly in the presence of 
jation, but the acceleration persists after the rays have been withdrawn, possibly 

because of the liberation of benzoic acid which acts as a powerful catalyst in pro- 
moting the isomeric change. | , 
F. In sunlight, a-naphthylaminocamphor in chloroform forms substituted green 

compounds with the solvent; the reactions are reversed in darkness. The sub- 
Stance is oxidized in solution in the presence of light, and eventually naphthylamine 
‘liberated in the reaction precipitates in the form of Hydrochloride.24 Singh and 

a % For other early observations of this type see Ciamician, G., and Silber, P., Atti accad. Lincet, 22, 
ae Suida, H., Monatsh., 33, 1277 (1912); Benrath, A., and v. Meyer, A., Chem. Abs., 7, 352 

7 a Kremers, E., Pharm. Arch., 2, 273 (1899). 
* Mitchell, S., J. Chem. Soc., 3238 (1928). 

; e notman, R. M., J. Am. Chem. Soc., 56, 1894 (1934). 

% a J. B., and Klemme, M. S., J. Am. Chem. Soc., 50, 2714 (1928). 
j 4 reibs, W., Ber., 63B, 2738 (1930); Chem. Abs., 25, 1513 (1931). 

ae F., and Dinjasky, K., Monatsh., 64, 131 (1934); Chem. Abs., 28, 6435 (1934). 
al P., and Reinartz, F., Helv. Chim. Acta, 10, 611 (1927). 
SS BILY T. M., and Courtman, H. R., J. Chem. Soc., 103, 1214 (1913). 

_ * Mitra, B. N., J. Phys. Chem., 35, 2371 (1931); Chem. Abs., 25, 5350 (1931). 

8 Urbain, E., and Scal, C., Compt. rend., 168, 887 (1919). ; 

® Dedichen, H., and: Halse,-O. M., U.S. P. 1,253,793, Jan. 15,1918; Chem. Abs., 12, 770 (1918). 

10 Schwenk, E., and Borgwardt, E., German P. 608,136, Jan. 17, 1935; French P. 751,807, Sept. + 

1933; Chem. Abs., 29, 6246 (1935). 
4 

11 Scagliarini, G., and Saladini, G., Gazz. chim. ital., 53, 135 (1923); Chem. Abs., 17, 2281 (1923). 

12 Wood, B. G., Chem. & Met. Eng., 28, 399 (1923). 

18 Genthe and Co., German P. 224,071. - 

14 Scagliarini, G., and Saladini, G., Gazz. chim. ital., 53, 135 (1923); Chem. Abs., 17, 2281 (1923): 
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apr saee a the eee of Sas ue ress to other Solvents penzylidine derivatives of g-methylcyclohexanone and g-methylcyclopentanone, 

absent in methyl, ethyl or ethylene iodides. ine oxidation reaction y: . jsopropylcyclopentanone, undergo oxidation or polymerization on stand- 

Se aera i eget tue power is increased. Both reactiong 4 d B his may be accelerated ‘by ultraviolet light.3° 

inhibite water or ium. ethylate. : a . ‘Ee 

Be elie ee oa gene eke he camphor, as well as that | 4 Methy!-2,0-dianisal-1-cyclohexanone is photosensitive and slowly turns orange- 

the dextr bap. Stes 4: Prepared frg Send glass. Its pale rose pentabromo-derivative is also photosensitive, turn- 

xtro-compound, are decomposed in benzene solution by light of wave len 4 fehin Disioleéted 2! s photosensitive, turn 

“ieNg a nan = <— 
S) , maroe 

2200-3000A, but visible light has almost no. action.?® 

The transformation of santonin into photosantonic acid and isophotosan+, 

acid proceeds by way of intermediate compounds.** Photosantonic acid and oil 

ably also isophotosantonic acid are very transparent to ultraviolet rays but al 

tonin is not. No confirmation could be obtained by Piutti of the. reported q “a 

version of yellow santonin into white on boiling. Any visible alteration of sant 

crystals under radiation could not be confirmed. ia 

Other Compounds with Oxygen in Rings. 3-Methylcyclohexenone irradia 

by a mercury arc for seventeen hours in dilute methanol gives a saturated dimn 

melting at 144-5°C. and an unsaturated liquid, oily dimer. The photodimepis 

3,5-dimethylcyclohexenone melts at 161-2°C. The mother liquor gives an igo . 

and an unsaturated substance, boiling at 203-5°C. (17 mm.).?8 a 

Tindsescu 29 finds that bis-o-nitrobenzalpentaerythrito-1-spiran (I) in the go} 

state becomes slowly colored in sunlight. The change proceeds more rapidly 

solution, especially in benzene. (Compare nitrobenzaldehyde.) Only one of ene in a quartz test tube with a 1500 c.p. quartz mercury are for a total of 

two nitro groups in I reacts with the formation of a compound IT. By alkajiy { hours during 13 days. Crystals of one form of damettivlcraneag le tdeene sepa- 

saponification of II, o-nitrosobenzoic acid and a product III are formed. That 7 ated, white, melting at 307-8°C. From the benzene, unchanged '\a«-methyl- B- 

still contains an unaltered nitro- group is shown by its photochemical beha io ylindone and the other isomer of the dimethyldiphenyltruxone, yellow, melting 
| 50-260°, were separated. Each isomer treated with concentrated sulfuric acid 

5 of indole, various aldehydes and ethyl alcohol, set aside in closed 

“jes if diffused light for one year and then in sunlight for another year, showed 

Miecsive chromatic changes.22 These were greatest with g-methylindole, less 

at with indole and least with scatole. This agrees with the ease of formation 

“yosindoles trom these three compounds. Distilled with steam, the distillate 

stained unaltered indole, while from the filtered residue the aldehyde was recov- 

ed on cooling. In every case there was also recovered from the residue a 

sindole. Solutions of diindyl-m-methoxy-p-hydroxybenzylidene 
in methanol, 

ol acetone, chloroform and ethyl acetate are at first colorless, but become 

tense red on exposure to light and air. 

- Stobbe and Farber 33 have carried out a series of experiments on the photo- 

olymerization of pure indene. In ultraviolet it resinified.34 

fe Fazi 2° illuminated 2.5 gm. of g-methyl-8-phenylindone in 10 ce, of dry ben- 

Mixture 

R’=CeH.NO at 2 
6L4INU2 vave g-methyl-G-phenylindone. The white isomer is sensitive to light, developin 

I RCH YE CHR a partially reversible yellow color. In sunlight, the yellow form at the melting 

SoH“ ene. nt for ten minutes is converted into g-methyl-8-phenylindone. The oxime and 

0—CH CHO : nylhydrazone of g-methyl-8-phenylindone were exposed to ultraviolet light in 

IL RCH’ a °< iaaaunen et i) zene. A small amount of a new compound, melting at 73-5°C., was obtained, 

Noe tors VA. Che=67 _ the oxime and phenylhydrazone of. dimethyldiphenyltruxone have not been 

ained in this way. From £-phenyl-@’-phenyltruxone irradiated in benzene with 
aviolet for 48 hours a new yellow isomer of B-phenyl-£’ i phenyl-8’-phenyltruxone, melt 

at 184-5°, was obtained.%¢ £ skate: daa 

Bae Lhe reciprocal reduction and oxidation of ketones and alcohols by light to 
acols and aldehydes occurs also in the case of «,Q’-diisoxazole ketone.?* Ten 
ms of this compound and 70 cc. of 95-per cent ethanol in a sealed tube exposed 
sunlight until the reaction was complete (ten days) yielded 9.7 gm. of a,@’-diisox- 

4 lepinacol, melting 195-6°C. Exposure of the ketone in benzene and in toluene 
3 sunlight led only to traces of reduction products and to unidentified tars. In 

4 __ reaction was very slow, the corresponding acid being formed after six 
months: : | 
oF 4 

*Poesi, R.. and Gottlicb, M., Gaze. chim. ital., 64, 852 (1934); Chem. Abs., 29, 2152 (1935). 
:, ingoia, Q., Gazz. chim. ital., 56, 781 (1926); Chem. Abs., 21, 1118 (1927). 

H., and Farber, E., Ber., 57, 1843 (1924). 

p,, ounz, A., and Minguin, J., Compt. rend., 152, 373 (1 : g i 
or ay (1903); Ciamician, G., and Silber, P., Ber., 46, Petts Wied the see amine iit 
Bt € Fazi, R., Gage. chim. ital., 54, 996 (1924). Dichlorohydrindones from the chlorination of a-methyl- 

7 OCH 2 CR0H 
IIL. RCHC WK : 

Seaver CH,OH 

i CB CH.OH 

IV. RICOH) Sec 
Gods CH,OH 

whereby it is rapidly converted into IV. I rapidly becomes colored on exposure 1 

the solid state to sunshine, the melting point falling in ten days from 166° to 95°% 

In ethanol, no crystallizable reaction products can be recovered, but in aceton 

ethyl acetate, chloroform, pyridine, and especially benzene, the reaction produ 

is the compound IT, of melting point 135°C. In the last-named solvent, the reactit 

requires only fifteen minutes. 

27, 478 (1931); Chem. Abs., 25, 5627 (1931 
2 Singh, B. K., and Bhaduri, B., Trans. Faraday Soc., 

| 

36, 456 (1923); Chem. Abs., } 
26 Bredig, G., Mangold, P., and Williams, T. G., Z. angew. Chem., 

3868 (1923). | 

27 Pjutti, A., Atti accad. Lincet, 22, ii, 92 (1913). 

23 Treibs, W., J. prakt. Chem., 138, 299 (1933). 

2 Tandsescu, I., Bul. soc. stiinte Cluj, 2, 111; Chem. Abs., 19, 

Chem. Abs., 18, 1285, 1286 (1924). 
| 

30 Cornubert, R., Andre, M., de Demo, M., Joly, R., Louis, P., Robinet, P., and Strebel, A., Bull: S 

chim., 5, 513 (1938); Chem. Abs., 32, 5384 (1938).. 

B-phenylindone slowl bcc Mee! ; : ; 

Pe eae ae ee ea 
a 

? r, Ss also Stobbe, H., and Zschoch, F., Ber., 60B, 457 (1927). 
: i M., Gazz. chim. ital., 63, 419 (1933); Chem. Abs., 27, 5327 (1933). 
| las, N., and McAlevy, A., J. Am. Chem. Soc., 56, 1219 (1934). 

2932 (1925). See also Radulescu, J 
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. Ultraviolet light of wave-lengths in the range 4500 to 3600A accelerat J a and others inhibit it. Inorganic and organic acids also catalyze the 

siderably the decomposition of furoperacid (obtained from di-furoy] a — fie 00" ochloric, nitric, malic and citric acids being particularly effective. 

either in the solid state or in solution in glacial acetic acid.38 Per oxida tion, ative: The zinc chloride compound of pyridine is decomposed into 
i tees nce nas ae 7 te a o Bats and the pyridine is changed into the colored photopyridine. 

Crabs eas Sey . ee aper impregnated with pyridine, its hydrate or alcoholate, is colored 

The lower melting form (65.5-66.5°C.) of methyl-4-benzyli dene-3-methy Filter tiltraviolet light. Such papers give various colors on the addition of the 

hydantoin-l-acetate when exposed to daylight or ultraviolet light in the pr aa f aromatic amines. Thus o-naphthylamine hydrochloride gives a nent 

of a trace of iodine is partly converted into the stereoisomer melting at 98 5 90 sa P a yellow color and the £-isomer a carmine Siamese). 77 pwn” and partly into a polymer melting at 276-278°C.®® 
Some decomposition also occurs with formation of benzaldehyde. The hicti 

melting stereoisomer similarly yields the lower-melting form and the poly het 
change being preceded by an induction period. 4-Benzylidene-3-methylhydant a 
l-acetic acid also exists in two stereoisomeric forms, melting at 186.5-187.50 a 
198.5-199.5°C. The former does not yield measurable quantities of other prod 
when exposed to light for five months. The latter is much more rapidl a 

° a 4 
y chan ad 

with production of a small proportion of the lower-melting form and a sa 
melting at 293-294°C. Po 

Thymine glycol is easily broken down even in neutral solution by daylicht o 

light from a carbon arc. Lactic aldehyde is formed as an intermediate prod 
which isomerizes into acetol. In weakly alkaline solution, thymine glycol yiel ; 

_ urea, acetol and carbon dioxide. In the presence of an oxidizing agent, the ote 
ucts are urea, pyruvic acid and carbon dioxide. With hydrochloric acid solution 
or in solutions in which the acidity is produced by the growth of sulfur bactesil 
a new anhydride of thymine glycol is produced by carbon arc irradiation. A dea 
red compound which forms in acid thymine glycol solutions is decolorized upo, 
irradiation to a faint yellow, which shows a green fluorescence in ultraviol 
light.40, 41 a 

3-Methyl-6,7-benzoylene-8,8-benzopyrrole readily forms solvates and its solt 
tions show different colors which are more or less rapidly decolorized by lig i 
especially ultraviolet light.4? | % 

g-Picoline in benzene in the presence of anthraquinone gave, after five month 
of exposure to sunlight, 5.3 per cent of picolinic acid and about 10 per cent of g 
dark resinous substance soluble in normal sodium carbonate, difficultly soluble it 
twice normal hydrochloric acid, and giving no precipitate in alcohol with picri 
acid. Of the anthraquinone, 97.5 per cent was recovered unchanged in experime it 
of John and Behmel.#? 3 ' 

Pyridine. Freytag and Neudert find,‘ contrary to Berthelot and Gaudechor 
that pyridine is changed by ultraviolet radiations of wave-length less than 3000A 
The change is marked by a strong yellow color and an increase in density fror 
0.97827 to 0.98232 in less than five hours. In methyl alcohol a yellow color begin 
to appear after four minutes and is marked after two hours. In ethyl alcohol it1 
first seen in five to ten minutes, in acetone in ten minutes, in amyl alcohol in th re 

minutes and in benzene in thirty minutes. Various salts accelerate the appearance 

ve aniline hydrochloride may be detected in. dilutions of one part in ten 

os au The test may also be adapted to the detection of pyridine in a dilution 

- P 40, Since the photopyridine is sensitive to water, the test papers should 

r g ‘ated from moisture. Although the color reactions of irradiated pyridine 

pprore ary amines are not in every case sufficiently definite to identify the amine, 

‘a i? serve to indicate the class to which it belongs.45 The color and fluores- 

“¥ fe colutions of photopyridine with each of 21 aromatic sulfonic acids were 

pce P en. F-acid does not react, probably because of the hindering effect of the 

wa id eroup in position 7. The colors produced in most of these identifica- 
Bac fel ACL : oi, Sti 

Sts are changed to yellow or orange by alkalies, but the original color is 

estored by acids. 3 | «ht het i ee 
 “Photopyridine” can be isolated by treating the pyridine solution with zinc 

njoride. It is obtained as a syrup, ruby-red in color, which decomposes on heat- 

“> and evolves the odor of pyridine. With boiling G-naphthylamine hydro- 

loride, it gives red-brown needles, which yield colorless crystals on heating. 

, Nitroaniline hydrochloride gives an orange color ; the ether solution is reddish 

orange, with a green fluorescence. “Photopyridine” 1s not formed in the absence 

of oxygen, but it is not among the products of reaction of pyridine with ozone or 

hydrogen peroxide. It gives a violet color with a purple-violet fluorescence with 

sodium, potassium and calcium hydroxides, but not with sodium carbonate, sodium 

porate, disodium phosphate or ammonia. It gives aldehyde reactions and evolves 

ammonia on treatment with alkalies, and may be regarded as the ammonium deriva- 

‘ave of the enolic form of glutacondialdehyde, CHO: (CH=CH) :0NH4.™ 

3 -“Photopyridine” is formed by wave-lengths in the region 2540 to 2660A.47 

Yarious derivatives of pyridine are also affected by the lines 2540 and 2650 and 

‘to a smaller extent by 2480 and 2400A.48 With the exception of sym-collidine, the 

‘photoproducts of the homologous pyridines are similar to photopyridine in struc- 

‘ture. These include 2-, 3- and 4-methyl, 2,4- and 2,6-dimethyl, 2,4,6-trimethyl, 

-2,3,4,5-tetracarboxyl and 2-aminopyridines. The 3-amino- derivative is most 

affected at the wave-lengths 3650, 3130 and 3020A.:. The resulting photoproducts 

of these pyridines may be identified by the colors they give with B-naphthylamine. 

‘The derivative from diethyl collidinedicarboxylate is apparently the same as that 

from its hydrogen derivative. The photoproducts are in most cases destroyed by 

diffused or direct sunlight. Certain pyridines irradiated by wave-lengths less than 

—3000A become yellow to yellow-brown in aqueous or alcoholic solutions although 

the products may not be aldehydic, the enol-aldehyde being converted into the 

dialdehyde form which is then resinified by free acid. 89 Hahn, D. A., and E'vans, J., J. Am. Chem. Soc., 49, 2877 (1927). q 
40 Johnson, T. B., Baudisch, O., and Hoffmann, A., J. Am. Chem. Soc., 54, 1106 (1932); Bass, Lag 

Ibid., 46, 190 (1924) has discussed the oxidation of thymine in light. See also Baudisch, O., and Davi 

son, D., Ber., 58B, 1680 (1925). 

i oan the photosensitivity of various pyrrole. ferrocyanides, see: '‘Pratesi, P., Gazz. chim. ital., 65, 65: 

42 Scholl, R., Béttger, O., and Stix, E., Ber., 67B, 1922 (1934). 

43 John, H., and Behmel, G., Ber., 66B, 426 (1933); Chem. Abs., 27, 3216 (1933). 

44 Freytag, H., and Neudert, W., J. prakt. Chem., 135, 15 (1932); Chem. Abs. 27, 724 (1933). Fre 
tag has reviewed his extensive investigations, Phot. Korr., 73, 17, 37, 57 (1937). i 

Freytag, H., J. prakt. Chem., 139, 44 (1933); Chem. Abs., 28, 1701 (1934); J. prakt. Chem., 136, 
» 193 (1933); Chem. Abs., 27, 2449 (1933). , ' “Feigl, F., and Anger, V., J. prakt. Chem., 139, 180, 343 (1934); Freytag, H., Ber., 67B, 1995 

(1934); 69B, 32 (1935). “Freytag, H., and Hlutka, F., J. prakt. Chem., 136, 288 (1933); Chem. Abs., 27, 2687 (1933). 

Freytag, H., J. prakt. Chem., 138, 264 (1933); Brit. Chem. Abs. 1933A, 1304; Ber. 69B, 32 

: (1936); Chem. Abs., 30, 2966 (1936) . 

a 
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por, to be unaffected by light,®? but 2-benzylpyridine, 2-benzoylpyridine 

i veraldine darken. Papaverine in benzene gives 10 per cent of papaver- 

1d paP In the solid state and in presence of oxygen, papaverine and papaveraldine 

Zc brown after several hours in mercury light. 

ero 4.53 states that 6-styryl-2,4-dichloro-3-cyanopyridine (obtained by heating 

A solution of 3-bromo-5-aminopyridine, which assumed an intense | q 

short time, gave no aldehyde reactions, but increased in acidity durin os in 

hour and showed the presence of bromide ions. The increasing ook the fir 
acted as an internal filter and slowed the reaction. Oxygen was involy a Possib 
coloration began at the surface. The amino- group also may posi hal +} 

ater V4 

oa Ree AR oe ae pees pate eae hg gives na a 4 Det! compound with benzaldehyde) changes in diffused daylight into a ~ 

eae eee E ai : = ces O derivatives shoul a Bence melting considerably higher and of double the molecular weight of the 

form halogen ions or free acids Sabra nai Stabl "i alee STOUps may ‘ginal compound. That the polymerization consists in the formation of a Sule 

et ep eabiadeplds andr sismdnan Gs we nae i e 1 ee d ultravioley al mane ring, with destruction of the ethylene bonds of two molecules of the styryl 

Paenitcenm buewolé: fieneses y a oxylic acid, which latter has _ x ound, is indicated by the fact that although the original compound is yellow, 

nce, as well as pyridine-2,3-dicarboxylic acig ant ee polymer is colorless. The polymer does not react with potassium permanga- 

Bie in cold acetone. Thinking this polymerization might be a property of stilba- 

les in general, Koller exposed a number of other compounds of this type to sun- 

‘ht aud to quartz light but was in no case able to effect dimerization. Cantient = 

ends that, in the presence of 0.001 to 1 per cent of pyridine, there is evolution of 

-arbon monoxide from fructose solutions when exposed to ultraviolet light. The 

<olution also turns brown. More concentrated pyridine solutions did not produce 

this effect, which is proposed as the basis of a method for the detection of pyridine 

in very dilute solutions containing not less than 0.001 per cent. Acetone inhibits 

‘the formation of the color, whichis less readily formed in solutions containing 

elucose, galactose, sucrose or lactose. Pure pyridine and aqueous solutions more 

concentrated than 1 per cent are opaque, and solutions more dilute than 0.001 per 

cent are transparent to ultraviolet light. 

Filter paper soaked in an alcoholic solution of quinoline or lepidine, treated 

with a 0.05 per cent aqueous solution of pyridine and irradiated, slowly becomes 

yellow. The reaction may be used for the detection of pyridine in the presence 

of nicotine, since the latter gives only a grayish color.°° . 

 Phototropy is exhibited by 2,4,4,6-tetraphenyl-1,4-dihydropyridine, as well as 

by diphenacyldiphenylmethane, 2,4,4,6-tetraphenyl-3,5-dibenzoyl-tetrahydropyran, 

all three becoming violet in light and reverting to colorless in the cage, ! 

 2-Phenyl-3-methyl-quinoline in benzene solution in the presence of anthra- 

quinone gives (on prolonged exposure to sunlight) in addition to dark resinous 

‘matter about 3 per. cent of 2-phenylquinoline-3-carboxylic acid.°’ 2-Phenyl-6- 

‘methylquinoline yielded 8 per cent of the 6-carboxylic acid.®* 2-p-Tolylquinoline 

“gave no acid and and 37.5 per cent was not attacked, but considerable tar was 

‘formed. Conquinine ®° sulfate similarly gave 56.0 per cent quininic acid and about 

2.6 per cent of a dark resinous substance. Of the base 36 per cent was unaltered, 

as was 90.9 per cent of the sensitizer. 

On long standing in diffuse daylight and more rapidly in sunlight, 6,7-di- 

_ methoxy-1-benzyl-N-methyl- 1,2, 3,4-tetrahydroquinoline-1-carboxylic acid evolves 

coramine, 3-CsHyNCON (CoH; )». The chlorine atom is not removed from 4 4 
2-aminopyridine which becomes colored, possibly because the amino- -chlorg 

attacked. The rapid brown-yellow coloration of aqueous solutions of 5 6 q 

pyridine-3-aldehyde and the 4,6,2-isomer may be due to attack of tte cae 

group. 4-lodopyridine-2-carboxylic acid in acid solution liberates hydriodi hyde 
which is photo-oxidized to iodine and water. Photochemical saporii feel acid 

diethyl 2,6-dimethylpyridine-3,5-dicarboxylate occurs. lon 9 

Pure, colorless 2-benzylpyridine, on standing in diffused i ; 

yellow-red to brown and shows weak green By aiaalaeh owt te ae pecan 
nated with a solution of the base (two drops in 10 cc. of alcohol or benzene) il 
yellow or brown after one-half to one minute in daylight, gray-brown or cen 
after one hour. The product gives a red-purple dye with hot 8-naphthylamine — 

tion. With this pyridine derivative, the color of the photoproduct differs som 7 7 
with the wave-lengths used for the irradiation. Longer ones (3650-270 0A) a 

a green discoloration and shorter ones (2650-2480A) a yellow one. The “hoa 

ave produce the usual aldehydic substance and the longer ones, 2-benzoyl sda 

with g,8-diphenyl-di-2-pyridylethane.®? a 
. The reaction has been used in printing fabrics.51 The fabric is impregnatec 

hee a solution ot 2-benzylpyridine in 96 per cent alcohol; after evaporation of the 
ee the ae is covered with a negative plate and exposed to sunlight or ultr J 
violet rays. en working on cotton, the positive is iby os viaceet ; washed with soa d 
and ironed while still moist. Ps a 

Muller and Dorfman find both pyridine and papaverine, in oxygen-free 

OCH; OCH, 

ate ipl oC 7 

. CH, Lf C0 

H,CO i 

H,CO i 

Papaverine Papaveraldine 

82 Henri, V., and Angenot, P., Compt. rend., 201, 895 (1935), state that light of wavelengths greater 

than 2750A has no photochemical action on pyridine vapor. Ultraviolet light does not influence the 

nitration of pyridine in the vapor phase by nitrogen peroxide, Shoruigin, P. P., and Topchiev, As Vig 

Ber., 69B, 1874 (1936). 

88 Koller, G., Ber., 60B, 1920 (1927); Chem. Abs., 22, 80: (1928). 

 4Cantieni, R., Helv. Chim. Acta, 17, 1492 (1934); 18, 3, 1420 (1935); Chem. Abs., 29, 1034 

(1935); 30, 1662 (1936). 

5 Castiglioni, A., Annali Chim. Appl., 27, 256 (1937); Brit. Chem. Abs., A (II), 478 (1937). . 

6 de Carvalho, A. P., Compt. rend., 200, 60 (1935). 

*T John, H., and Behmel, G., Ber., 66B, 844 (1933); Chem. Abs., 27, 3713 (1933). 

*S For the behavior of p-methoxyquinoline, see Maschmann, E., Ber., 59B, 2825 (1926). 

89 John, H., and Andraschko, E., Ber., 64B, 1286 (1931); Chem. Abs., 2, 4275 (1931). 

eX oe 
€2 B. . -2 : 

lr 

7 oie H., and Miller, A., Naturwiss., 21, 720 (1933); Chem. Abs., 28, 710 (1934). 
tess er, A., and Dorfman, M., J. Am. Chem. Soc., 56, 2787 (1934); Monatsh., 65, 411 (1935). : 

reytag, H., and Miiller, A., Monatschr. Textilind., 48, 239 (1933); Chem. Abs., 28, 5245 (1934). 
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. -ange-red light was believed to be the carbon dioxide and changes to a yellow oil no longer soluble in alk Mie of destr uction was mueh less. Orang g 
ali.60 Roan : : P . oe : Nzylic¢ ae we. 7 ; ? : sae ane = Benen SP ert ae ihe sg fy esd emery: forms a dime st en found that, after irradiation from a mercury arc, nicotine solutions 

choll, Semp an ix nd the arylpyrrolinoanthranolazyls to be Nitrogen, rt has be heir effect on the blood pressure of dogs.7? Wakeham and 
free organic radicals characterized by the absence of all tendenc “ s lost t aH 

ce oat that although the reduction of toxicity might amount to 70 to fs 

wy . 75 minutes, it subsequently returns almost to the original value. Gant 3 

pcent 7 + after 105 minutes of irradiation, a 0.1-per cent solution of nicotine 

re Pe vasicity and that after 150 minutes it had acquired a slight acidity. 

, Pal point the solution had a slight vasopressor activity. The product 

ee y ‘cotinic acid, methylamine and unchanged nicotine. After 12 hours 

tained q n the solution became neutral again, because of the destruction of the 

ae malonic acid and methylamine. Traces of nitrates, nitrites and 

. pe then found. The irradiation of nicotinic acid gave rise to the same 

aa a During the irradiation of nicotine, the solution darkened in color. 

mp? Be tied to the formation of yellow oxidation products of nicotinic acid. 

_ Be. is destroyed by further irradiation. | . 

Be inine. The beautiful fluorescence induced in quinine solutions by vis- 

a and ultraviolet light has long been admired. Fabre i employed it in measur- 

a the rate of elimination of quinine in the urine.“4 Similar fluorescence methods 

Soiy also to hydrastinine and other alkaloids. 

” The exposure of solutions of quinine salts to ultraviolet rays is said to neNe 

» effect on the paralyzing influence of these solutions on Frucci ane V orti- 

1 a. notwithstanding the view of Roskin and Romanova‘® that irradiation 

spcreases the toxicity. Giordani holds that, when exposed to ultraviolet rays 
ae presence of various substances, solutions of quinine undergo transformation 

‘nto the toxic isomer, quinotoxin. Among the accelerators of the change are 

urethane and glycerol, which are frequently used in the preparation of solutions for 

‘otramuscular or intravenous injection. Alcohol, chloroform and ny ctoeniosae acid 

re found ineffective in this change.™® Macht and Teagarden * found that 

rescent solutions of quinine and quinidine sulfates became pharmacologically 

more active after ultraviolet irradiation. | tm 

‘4 Weigert 8° observed the absorption of oxygen during the irradiation of an 

aqueous solution of quinine sulfate in contact with air. The reaction velocity 

‘increased with increasing concentrations of the quinine sulfate, but was diminished 

‘by the addition of an acid. From experiments with gas mixtures containing vari- 

able proportions of oxygen, it was found that the reaction velocity increased con- 

tinuously as. the partial pressure of the oxygen diminished. With a mixture of 

nitrogen and oxygen containing only 0.6 per cent of oxygen, the velocity was about 

y to dimerizass 
Ommon dyes a 
dly decolorizeg 

and resembling in stability toward air, acids and alkalies, the ¢ 
normal valency. They are unstable toward light, being rapi 
solution by sunlight. 

Histazarin dimethyl ether monoxime is converted by ultr 
mixture of the trans and cis forms.® 

Visible light hastens the oxidation of N-methylphenazonium salts, prod 7 
mainly the 4-ketocompound, pyocyanine and phenazine, with small] ameun 
2-hydroxyphenazine and 2-keto-N-methylphenazine. Photochemical oxidation 

aviolet light inte a Jost 

the ethosulfate yields 4-keto-N-ethylphenazine.®4 

ALKALOIDS ; 

Lesure © found considerable ultraviolet absorption by solutions of caffein 
eserine salicylate, apomorphine hydrochloride, and quinine bisulfate. Solutions” 
eserine salicylate and apomorphine hydrochloride were only slightly discolor. 
and no polarimetric change was observed after an exposure of LS to a0 minute . 
Solutions of cocaine hydrochloride or 1-per cent quinine bichloride or pilocarp; 
hydrochloride were not effected upon exposure for 30 minutes to the light of 
Cooper-Hewitt lamp. 4 

Nicotine. This alkaloid, its zinc chloride double salt, isomethiodide ap 
dimethyliodide in water and in cyclohexane all exhibit a strong absorption hand ; 
2650A.66 ' 

Ultraviolet light produces a change in nicotine solutions.67 A 0.1-per ce, 
solution when exposed in a quartz flask at 5 cm. from an ultraviolet source fe 
15 minutes showed a decided decrease in nicotine content. On the other hang 
Custis claimed that a 40-per cent solution of commercial nicotine, when expose 
for 30 minutes at 5 cm. from an iron arc showed an increase in the amount ¢ 
nicotine present. Custis assumed that in this case some nicotine had been synthe 
sized from certain oils present as impurities in the commercial sample. Attempt 
to synthesize nicotine photochemically have not been successful. Irradiating © 
2-per cent aqueous solution of formaldehyde in 6.2N ammonia with which was 
admixed some copper carbonate gave, in experiments by Watson and Vaidya,® 
methylamine but no nicotine. This did not support the view of Bhargava ané 
Dhar that nicotine is formed by the action of light on formaldehyde and ammonia 

The destruction of nicotine has, however, been repeatedly confirmed. In the 

presence of such sensitizers as potassium chromate, gold chloride, ferric nitrate 
iodine and chlorophyll, sunlight causes decomposition of aqueous solutions of the 
alkaloid, present either as free base, salicylate, tartrate or malonate.69 In tobacco, 

"Higgins, J. A., Ewing, P. L., and McGuigan, H. A., J. Pharmacol., 42, 213 (1931); Chem. Abs., 
25, 5934 (1931). 
Meee Wakeham, C., and Tracy, G P., J 
295 (1932); Chem. Abs., 26, 3301 (1932). | 
_ ®Gant, V. A., J. Pharmacol., 49, 408 (1933); Brit. Chem. Abs., 1934A, 196. 

60 Hahn, G., and Stiehl, K., Ber., 69B, 2627 (1936); Chem. Abs., 31, 1815 (1939). F ie By. aa rae nae is ey ees tate ere 

61 Henze, M., Ber., 70B, 1273 (1937); Chem. Abs., 31, 5800 (1937). - . ee OW EUONS, Be, OU, SOC. CHIN. ue Ae : V.. Z. Immunititsf. 
62 Scholl, R., Semp, H., and Stix, E., Ber., 60B, 1236 (1927); Chem. Abs., 21, 2684 (1927). 2 j abe rae m s114 Ciasahe (1928); Jirovec, O., and Bouse, V., Z. Im , 

Ce ae Die aad. PUA ie alata, «Ry, Tavera Seed Oct nasa - ™% Roskin G. and Henini K., Z. Immunititsf., 62, 147, 158; 63, 452 (1929); Chem. Abs., 24, . * MclIlwain, H., J. Chem. Soc.; 1704 (1937). 5867 (1930). 
6 Lesure, A., J. pharm. Chim., 7, 1,569; Chem. Abs., 5, 963 (1911). ea a7 Giordani, K., Annali chim. appl., 18, 239 (1928); Brit. Chem. Abs., 1928A, 907. 
66 Lowry, T. M., and Iloyd, W. V., J. Chem. Soc., 1376 (1929). For the effect of ultraviolet on monoacyl derivatives of quinic acid, see Josephson, K., Ber., 60B, 
67 Custis, H. H., J. Frank. Inst., 184, 878 (1917). 4 2270 (1927), 
68 Watson, H. E., and Vaidya, B. K., J. Indian Chem. Soc., 11, 441 (1934); Brit. Chem. Abs., # ® Macht, D. I., and Teagarden, E. J., Jr., J. Pharmacol., 22, 21 (1923). - 

1116 (1934). 8 Weigert, F., Festschrift W. Nernst, 1912, 464; J. Chem. Soc., 102 (ii), 1120 (1912). 
69 Plotnikow, J., and Weber, K., Chem. Ztg., 55, 237 (1931); Chem. Abs., 25, 2921 (1931). 

_ Am. Chem. Soc., 55, 1601 (1933) J. Pharmacol., 44, 
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4 increases. The yield is a maximum thirty times as large as with pure oxygen. The nature of the e first centimeter of the reaction mixture ” ' Oxidation peo ge tS" © -9800A and for cinchonine at 2540A. TE 
appeared to vary with the proportion of oxygen. _ quinine & metavanadate turns black with liberation of piperidine upon irradia- 

The reaction between quinine and chromic acid has been repeatedly invegt: q ee avi olet light.84 | nt ig 
The early observations of Goldberg 81 seemed to indicate that the velo Ate 1 W ith cn a quartz mercury lamp causes a change in the absorption geese 
dependent on the extent to which the radiations employed were absorbed nl Lis ht a which may serve to distinguish it from other ergot alkaloids. 
chromic acid. Luther and Forbes 82 found, however, by using monochra_ ergome a a sulfuric acid is unaffected by the addition of small amounts of 
radiations, that quinine is the substance which is light-sensitive, the chron 

acting only as a filter. The total reaction velocity is proportional to the cond 
tration of the hydrogen ion. The reaction appeared to occur in’ two sta 
(1) the formation of “sensitized” quinine with a velocity proportional only to 
light absorbed and (2) a reaction between this product and chromic acid will 
velocity proportional to the concentration of the latter and of sulfuric acid, 

Forbes and co-workers have conducted an elaborate series of investigations , 
the quantum yield at seven wave-lengths.3 The quantum yields change with a 
furic acid concentrations at 4050, 3660, 3130 and 2800A and cannot bea otal 

with the effect of the acid on the extinction of either the quinine or the dichromat 
Since the extinction coefficients are additive, it appears improbable that a stahl 
complex is formed, analogous to that of uranyl oxalate. Instead, the reactio 
occurs in photochemically efficient clusters in the sense in which the term had bee 
employed by Weigert. Irradiation of the dichromic acid did not increase 4 tendency to react wth non-activated quinine, except possibly at wave-lengths short, 
than 2800A. The temperature coefficient of the reaction is 1.12. By graphic, 
methods, the reaction order was found to be zero for quinine and 0.43. f¢ 
dichromic acid or 0.86 for chromic acid. For sulfuric acid, it is only 0.07, ing 
cating a subordinate role for this reactant. Ten quinine derivatives appear to ety 
similar quantum yields. The values are of the order of 0.065 to 0.027 for quinin | 
and most of the other alkaloids except cinchonine and cinchonidine, for which they 
are smaller. The low values are not due to the direct photolysis of the alkaloid 
Probably a quantum is first absorbed by the quinoline group of the molecule fo 
the logarithm of the quantum yield, at least in the case of quinine, is a lineat 
function of the logarithm of the concentration of excited molecules. The ‘activate 
molecules then reduce the chromic acid, one activated quinine molecule reacting 
with one of chromic (not dichromic) acid. In the case of all the alkaloids tested 
the secondary hydroxyl group of the activated molecule appeared to be chiefl 
responsible for the reduction of the chromic acid. The significant suggestion is 
made that the energy absorbed by the quinoline group may be transferred to th 
secondary hydroxyl, this transfer occurring only when various photochemically 
inactive groups are substituted for hydrogen on the opposite side of the quinolin 
group. The energy transfer may be a resonance phenomenon.8** Quinine does 
not react at 4360A, where absorption is negligible, but’decomposes at 4050A where 
absorption is considerable. With cinchonine, no photolysis occurs at 4050, but 
does occur at 3660A. With vuzin, the shift is toward the red; absorption 1s 
marked at 4360A. The quantum yield decreases as the number of quanta absorbed 

but on exposure to sunlight, the solution becomes violet, as a result 
any! ee ric method may be used for the detection of 1x10-° part of 
oxidation Under the same conditions of exposure, codeine and morphine give 

yohmin’ color. None of the common alkaloids gives a similar reaction. This 
Jee} . may also be obtained by using a solution of uranyl acetate which 

le . en exposed to the sunlight. This is due to the formation of form- 
a ee a addition of which to a solution of codeine in sulfuric acid with 
enyd, A 

K 

im or iron acetates in the absence of sunlight gives an intense blue coloration. 
anit 

me... _ and Gates, F. L., J; Am. Chem. Soc., 56, 373 (1934). : 
8! Baudisch, if ae Schou, S. A., Dansk Tids. Farm, 10, 105 (1936); Chem. Abs., 30, 3944 (1936). 

& Benneko™sma, A., Pharm. Weekblad, 65, 1114 (1928); Chem. Abs., 29, 235 (1929). 
ee i. J., Valdigué A., and Aloy, R., Bull. soc. chim., 39, 792 (1926); Chem. Abs., 20, 2952 (1926). 
"86 Aloy, ” jee ; 

: 

81 Goldberg, E., Z. wiss. Phot., 4, 95 (1906); J. Chem. Soc., 90° (ii), 514 (1906). 
82 Luther, R., and Forbes, G. S., J. Am. Chem. Soc., 31, 770 (1909). 
88 Forbes, G. S., Woodhouse, J. C., and Dean, R. S., J. Am. Chem. Soc., 45, 1891 (1923); Morton, 

D. S., J. Phys. Chem., 33, 1135 (1929); Forbes,:G. S.; Heidt, L. J., and Boissonas, C. G., J. Am 
Chem. Soc., 54, 960 (1932); Forbes, G. S., Heidt, L. J., and Brackett; F. P., Jr., Ibid., 55, 588 (1933) 
Forbes, G, S., and Heidt, L. J., Ibid., 55, 2407 (1933). Forbes, G. S., Cold Spring Harbor Symposia 
Quant. Biol., 3, 1 (1935); Chem. Abs., 30, 6648 (1936). Accurate absorption data for quinine a 
various acid concentrations were obtained in the course of this work. 

88a Compare the views of Norrish on the simpler molecules of - aldehydes. 
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Sy, says which accelerate the reactions. Brooks, Smith and Essex * found 
qviolet 3 Bsfce the chlorination of pentane had been started, it would proceed 

jlarly e in diffused daylight. Mott and Bedford® demonstrated that the 

y an 2 arc gave more rapid chlorination of isoamyl chloride, isopentane or 

ning a did the quartz mercury arc. Furthermore, little efficiency was lost 

zene . elass containers when the flaming are was used. 
me 118¢ " uent experiments on the chlorination of methane, Bedford? found 

In , ht to produce little or no reaction as long as the percentage of chlo- 
Be. cases was low. Upon suddenly exposing such mixtures to the white 
e 10 arc there was an instantaneous explosion of the gases. 

a . 
+ 1] 

Chapter 28 

Effects of Light on Halogenation Reactions 

Visible light of short wave-length and ultraviolet rays. have long been 
to assist in reactions involving halogenation. Chlorination of toluene ; 
make benzyl chloride, benzal chloride and benzotrichloride and, by hydrol 
from, benzyl alcohol, benzaldéhyde and benzoic acid, is a procedure of | 
ing. In fact, this application has received considerable commercial use. 

During the World War I there was a shortage of amyl alcohol which stimula 
extensive investigations on the chlorination of butane, pentane and hexane to mal 
chlor compounds which in turn could be converted into the corresponding alcohols, 
acetates.1 Methods based upon these developments have been superseded in Pract} 
by entirely different processes, so that these photochemical reactions are at Drese 
largely of historical or purely theoretical importance. #3 ] 

It is convenient to discuss halogenation reactions in a separate chapter sin 
they depend for the most part upon the absorption of the light energy by ¢ 
halogens rather than by the organic reactants. In this discussion, the organ 
compounds are considered in about the order in which their photochemical] rae 
tions have been considered in previous chapters. Due consideration must be give 
to the possibility that in some instances, particularly those in which unsaturate 
organic compounds play a part, there may be an absorption of light by the orgar 
substance in addition to that absorbed by the halogen. a | 

_ Schumacher ? has’ reviewed the photochemical reactions of the halogens wi 
aliphatic compounds. Hass, McBee and Weber ? conducted photochemical chlo; 
nations of propane, - and iso-butane and n- and iso-pentane at temperatures _ 
from —60° to 300° and studied the reaction in the dark at temperatures up 
600°C. They separated the products by distillation and identified them rigorous] 
When pyrolysis temperatures were avoided, no rearrangements of the carbon skel 
ton occurred during either the photochemical or the thermal chlorinations. Eyer 
possible monochloride derivable without such rearrangement was found to | 
always formed. This generalization extended to all polychlorides studied. Phot 
chlorination of liquid 1-chloro-3-methyl-propane at 7°C. yields 7 or 14 per 
of overchlorinated product when a given amount of chlorine is added slowly ¢ 
rapidly.* } 

Although Tolloczko® obtained by the irradiation of streaming mixtures ¢ 
chlorine and natural gas at 80 to 100°C. by an ultraviolet lamp, such products ¢ 
methyl chloride, dichlormethane, carbon tetrachloride and di-, tetra- and hexa 

chlorethane, Baskerville and Riederer® found it was the blue rather than th 

n light 
Ysis they 1002 Contraction ¢f 
ong Star 

ab aw =o o= = = 

@ 

Cc. Chlorine 
Figure 116. Chlorination of Natural Gas. 

_ Figure 116 shows the results reported on the chlorination of natural gas at room 

temperature in the presence of various quantities of chlorine. After each exposure the 

ses were cooled by shaking up with water which removed the hydrogen chloride and 

condensed such reaction products as were liquid at the temperature of the water. The 

volume of the residual gases was then noted and the contraction from the original gas 

‘yolume calculated. Starting with three liters of natural gas there was always an 

unreacting residue of about 200 cc. showing that about 2800 cc. would react with chlorine. 
To avoid the formation of carbon tetrachloride, Bedford tried filling the reaction 

chamber with cracked ice. He reasoned that in this manner he should obtain only the 
di- and tri-substitution products, since methyl chloride is a gas at the temperature of 
ice and the other products might be expected to condense out before forming the tetra- 
‘chloride. The first experiment, however, indicated the difficulty of securing proper gas 

tde Lattre, J., French P. 468,244, Feb. 9, 1914; J. Soc. Chem. Ind., 33, 953 (1914). Circulation. After many variations in the set-up, Bedford employed the apparatus shown 
2 Schumacher, H. J., Angew. Chem., 49, 613 (1936). 7 
8 Hass, H. B., McBee, E. T., and Weber, P., Ind. Eng. Chem., 27, 1190 (1935); 28, 333 (1936 _ "Brooks, B. T., Smith, D, F., and Essex, H., Ind. Eng. Chem., 10, 511 (1918). 
4Hass, H. B., McBee, E. T., and Hatch, L. F., Ind. Eng. Chem., 29, 1335 (1937). P i ® Mott, W. R., and Bedford, C. W., Ind. Eng. Chem., 8, 1029 (1916). 
5 Tolloczko, S., Abhandl. Krakauer Akad. Wissensch., 52, 307; Chem. Zentr., 84, II, 99 (19s _ *Bedford, C. W., Ind. Eng. Chem., 8, 1090 (1916). . : 

Chem. Abs., 8, 1282 (1914). } ___ * The horizontal dotted lines in Figure 116 represent percentages of the total contraction obtained 
8 Baskerville, C., and Riederer, H. S., Ind. Eng. Chem., 5, 5 (1913). y and aid-in the study of the curves. 
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in Figure 117. An 8-liter, two-necked Woulfe flask, with : sk, the bot , : 
placed over a single ice cake chipped to nearly fill the flask. As theres removed, yy 
top of the reaction chamber, the flask settled upon it, keeping the ice in oe in 
chamber where the cooling is most needed, until the bottom of the flask i top of , 

| 135 pounds of ice were necessary for the production of one gallon of product 

pout ne composition given above. 

wccordind to Padovani and Magaldi,!° the condition necessary for obtaining 
AC Ae sae cia ce ee Dee ate the point of highest temperature as aa t —oximum yield of monochloromethane in the photochemical chlorination . of | 

ee ee Le : pons fi fe a aime Sacre el of the white flamed ae py use of the mercury arc is to have the ratio of methane to chlorine 

be rapid and violent. It was found that 2.6 cubic eee of natural coon Was found x pe n15toland19to 1. Then up to 29 percent of chlorine goes to methyl 

reaction products. This is equivalent to about seventeen gallons ae an 166 ce. , et ie and 80 per cent of the total chlorine is utilized. The ratio of methyl 

feet. This teens chloride and chloroform dissolved in the watell cuk lor’ de to chlorine present in liquid products is 1.75. The efficiency of energy 
were separated by distillation. , my Whi por xtremely low. .This is the most serious obstacle to the commercial 

ation is © 

Biation of the process. a. 
r Comparatively few theoretical studies have been made of these chlorination 

Betions. In the case of methane, the chlorination 1s a chain process, quantum 

Bids of 104 being found.! The reaction is strongly inhibited by traces of oxygen. 
ZF rom an analogy between this reaction and the hydrogen-chlorine combination, 

nes and Bates 12 suggest that it occurs by virtue of chlorine atoms and free 

ih 1 radicals, the latter formed by the action of the chlorine atom on methane. 

es their rate experiments, conducted with a flowing system in a glass spiral 
‘t}uminated by a Pyrex mercury arc, they were unable to determine whether the 

methyl group or a hydrogen atom carried the chains. Simple considerations of 

the collision mechanism of a chlorine atom with the methane molecule made the 

former seem the more probable. | ; ut : 

- The total chlorination of pentane in the liquid phase and with rigid exclusion 

of oxygen which is an inhibitor was studied by Stewart and Weidenbaum.™ 

Using light of 3650A, they found a quantum efficiency of 192. The reaction rate 

1 to the chlorine concentration at constant light intensity. The 
: is proportiona 

3 | a mechanism involves the reactions: 
WHITE FLAME - 

- Gly hiv- >, Gh El. 
Cl + CsHis poem He! + CsHi 

CsHit as Cl. ee CsHu Cl = Cr 

INLET 

GAS (NLEeT 

i/ Geese 
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\ 
“1 BOTTOMLESS 
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~- 7S ED RE ERE SS SE GEA TA GR EAN 

Ss eten eum: 

i 

: 
wil i 

i 
’ 

i * 

ae thlig 

= TT | N i NY 1a. 
This mechanism fulfills the necessary conditions that the overall reaction, as well 

‘as every step, be exothermic or have but a small energy of activation. The correct 

‘experimental rate law is derivable if the chain-terminating step is taken to be a 

formation of chlorine molecules at the wall or inert molecules. 

 Benrath and Hertel14 found that perfectly purified and aes carbon tetra- 

chloride contains free chlorine after several days of exposure to'light. The amount 

‘of decomposition is not sufficiently great to hinder the use of carbon tetrachloride 

‘as a solvent in which to study the photochlorination of various aliphatic com- 

. pounds. Since halogen compounds are frequently used as solvents, it may be noted 

FIGURE een Bedford’s Apparatus for Ficure 118. Modification of Bedford 
Chlorination of Methane. | Apparatus. 

# 

A large wooden reaction chamber, practically duplicating Figure 118, 28” by 28” 
by 44”, inside dimensions, was built for carrying out the reaction on a large scale. 
one experiment using 250 cubic ft. of natural gas, the rate of consumption varied fron 
14 to 30 cubic feet per hour and several gallons of product resulted. The analysis of he 
liquid reaction product separating out under the water was as follows, the percentages 
being by volume: : P 

Table 21.—Chlorides from Natural Gas. that chloroform is comparatively unstable under the influence of ultraviolet radia- 
. ae J : : 

Methylene Gs ieee tion and further that trichlor oethylene is on occasions a somewhat fickle solvent 

Chloride Chloroform Tetrachloride - Chlorides disengaging hydrogen chloride.16 

: 35 35, 5 20 During the period from 1912 to about 1925 a considerable number of ee 

The analysis of the part soluble in the water and separated by distillation was: dealing with the chlorination of various saturated hydrocarbons were issue ot 

6 28 1.5 6 van, C., and Magaldi, F., Giorn. Chim. Ind. Applicata, 15, 1 (1933): Chem. Abs., 21, 3443 

£11933) 

About 14 per cent of the reaction product dissolves in the water produced from thé _ ™Coehn, A., and Cordes, H., Z. physik. Chem.,. 9B, 1 (1930). 

melting of the ice by the heat of the reaction. This soluble portion may be entirelj 
recovered by distilling off 5 to 10 per cent of the water, the methyl chloride coming 
with the distillate, and the residue being about a 5-per cent solution of hydrochloric acid, 
provided that no water has been added except that produced by the melting of the ice 

we Jones, L. T., and Bates, J. R., J. Am. Chem. Soc., 56, 2282 (1934). 

Stewart, T. D., and Weidenbaum, B., J. Am. Chem. Soc., 57, 1702 (1935). 
= “Benrath, A., and Hertel, E., Z. wiss. Phot., 23, 30 (1924). 

% Kailan, A., Monatsh., 38, 537 (1917); J. Chem. Soc., 112, i, 209 (1917). 

% Elsner, W., Chem. Z., 41, 901 (1917). 
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is feasible here to do no more than cite these, since most deal Heh yj ; a ction consisting chiefly of isoheptane was placed in a lead-lined vessel provided 
apparatus tor applying ultraviolet rays.17 fra “— details eee ating column and raised to the boiling point, at a pressure of 50 mm. of 

be un ae : m act yapors were mixed with chlorine and passed through a vessel containing 
Graul and Hanschke * boiled normal hexane in an enameled vessel on 3 *  jamp. In order to chlorinate 10 parts of hydrocarbon, about 7 parts of 

and. passed the vapots through a vertical fractionating column into a second <T-bat a essary. The chlorination product consisted chiefly of a mono-chlor- 
. . . . . . . 

ne 
. 1 which they were mixed with chlorine. The mixture, containing, an excess of Log ae boils at about 140°C. and contains 26.5 per cent of chlorine. By . . . . 7 

ich o 1 4 j i 
vapor, passed into a third vessel in the middle of which a mercury lamp was bux ne ilar manner, the repeatedly purified fraction of Galician petroleum which 
The vapors leaving this reaction vessel were passed through a cc : Unit condenser ; : in a 81°C., a product was obtained boiling between 135° and 145°C, and 
chlorhexane and the excess of hexane condensed and passed through q siphaa ’ from, 7? + cent of neifontiie: whereas pure Monbeh ork sane etnylene contains 

| ‘nt BE 39,8 per cent of chlorine. 
pretica : atents dealt with the chlorination of liquid hydrocarbons. Brooks, Essex 

q pe M ie emphasized the necessity of introducing the chlorine in minute bubbles at a 
r oe liquid remote from that at which the rays of light enter, and agitating so 

nt in ‘ntain a large excess of hydrocarbon in the zone where the reactions occur. 
LO Dielieved that this led to the production chiefly of monochlor- products (butyl, 

was d hexyl chlorides) from gasoline, useful in the manufacture of artificial “amyl 
per (See Fig. 119.) The unchanged oil is separated from the chlorides by fractional 
# If dichlorides are to be produced, the container is charged with mono- 

her than with hydrocarbons. Even solid materials as paraffins may be used 
elted or dissolved in carbon tetrachloride. 
d Padgett * chlorinated solar oil in this manner and subjected the dichloride 

‘ained to a high temperature in the presence of a catalyst. This treatment split off » 

chioric acid and produced unsaturated hydrocarbons with an iodine number of 
420 to 150 suitable for the formation of “drying” films like those of linseed oil.” 

* i 
BOA 

$2 SE A A ee we we ee ee 

s{lation. 

orides rat 
moore ™ 
Brooks an 

Figure 119. After a lapse of nearly ten years, patents in this field have again begun to 
ppear. Ina continuous flow method for the vapor phase photochlorination of the 

aturated aliphatic hydrocarbons with three to five carbon atoms, as butane or iso- 

ntane, Britton, Coleman and Hadler?? employ surfaces in contact with the 

‘ting mixture cooled to a temperature (below 250°) which prevents the forma- 

of chlorodlefines. For preparing monochloro- derivatives, Teichmann, Klein and 

themacher 28 treat a paraffin hydrocarbon material, such as a pentane fraction, 
in the liquid phase while exposed to ultraviolet light with a reagent consisting of 

0 ychloro- derivatives of the hydrocarbons. The reaction products are then sub- 

ted to a reaction with chlorine under such pressure as to maintain the reaction 

ducts in the liquid phase, so that monochloro- and polychloro- compounds and 

frogen chloride are formed. The hydrogen chloride is removed and the chloro- 

pounds separated into two fractions, one containing the mono- and the other 
the polychloro- derivatives. 
_ According to Sharp,?4 a material containing a high percentage of propane and a 
npound such as the lower chloropropanes convertible into a trichloropropane are 
ated with chlorine in the presence of a chlorination catalyst such as copper 

chloride or ferric chloride under the influence of actinic rays, and in a plurality of 
stages at increasing temperatures. | 

In their studies of the higher polychlorides obtainable by the chlorination of 
2-chloro-2-methylpropane in the liquid phase, Rogers and Nelson 25 used ordi- 
nary incandescent lamps for activation. They were chiefly concerned with the 
‘characterization of the various higher chlorides obtainable by fractional distil- 

Apparatus of Brooks, Essex and Smith f 

Chlorinating Liquid Hydrocarbons. 

ry 

1 c 1S | Searaeet, 

msc) 

tn rrr 
aa 

i 

\9, 

distillation vessel, while the hydrochloric acid formed during the process was allowed te 
escape from the circuit. The fractionating column attached to the first vessel was maitt 
tained at a temperature that allowed only hexane to pass, while chlorhexane remained 
in the still and increased in quantity. To prepare monochlor-isoheptane, a Galician petro: 

1 Blanc, C., U. S. P. 1,248,065, Nov. 27, 1917; Rodebush, W. EL, U. S. P. 1.402.318 1922 1 Okinaka, T., and Sakai, S., Japanese P. 35,994; Chem. Abs., 15, 1535 (1921): Toanes: P3994 | 
July 16, 1921; Chem. Abs., 16, 3560 (1922); DuPont Co., French P. 453,406, June 21, 1913; Pfeiffer, L 
and Szarvasy, E., U. S. P. 1,012,149,. Dec. 19, 1911; J. Soc. Chem. Ind., 32, or (1912); Snelling 
W. 0., U. &. P. 1,523,563, Jan, 20,° 1995+ 1,985,823" and 1,325,214; Chem. Abs., 14, 369 (19 
U.S. P. 1,271,790, July 9, 1918; 1,523,563, Jan. 20, 1925; Keyes, F. G., U. S. P. 1,237,652, Age 1917; Sparre, F., and Masland, W. E., U. 8. P. 1,379,367, May 24, 1921; Tompkins, H. K., Britis P. 780, Jan. 18, 1915; J. Soc. Chem. Ind., 34, 1225 (1915); Leiser, R., and Ziffer, F., U. S. FE 1,459,777, June 26, 1923; Séll, J., and Runkel, K., German P. 491,316, Dec. 12, 1922: Keyes, F. @ U. pee 1,198,356, Chem. Abs., 10, 2315 (1916); Lacey, B. S., U. S. P. 1,308,760; Chem. Abs. 13 

#Graul, O., and Hanschke, G., U.S. P. 1,032,822, July 16, 1912. 

Brooks, B. T., Essex, H., and Smith, D. F., U. S. P. 1,191,916, July 18, 1916. 

=~ Brooks, B. T., and Padgett, F. W., U. S. P.. 1,220,821, March 27, 1917. 

_ *t Details of another chlorination process involving both liquid and vapor phase chlorination suc- 
“cessively have been given by Boyd, H. T., U. S. P. 1,293,012, Feb. 4, 1919. 

) ... Britton, E. C., Coleman, C. H., and Hadler, B. C., U. S. P. 1,954,438, April 10, 1934, to Dow 
\nemical Co.; Chem. Abs., 28, 3739 (1934). 
a Teichmann, C. F., Klein, H., and Rathemacher, C. P., U. S. P. 2,015,044, Sept. 17, 1935; Chem. 
Abs., 29, 7338 M1935), 

Seenatp, W. E., U. S. P. 2,001,039, Aug. 6, 1935; Chem. Abs., 29, 6252 (1935). 

_* Rogers, A. O., and Nelson, R. E., J. Am. Chem. Soc., 58, 1027 (1936). 
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ns by means of a filter, in order to avoid the decomposition of bromo- 

hane which Paterno 4 had found to occur in the region below 3350A. 
e ectrographic methods and a knowledge of the original chlorine concentra- 
pep s possible to calculate the concentrations of chlorine, bromine and bro- 
on Borie present at any time. The reaction was found to be 

lation. There were obtained from 3500 cc., 305 cc. of (CH3)sCCICH Cha 

of (CH, )p>CCICHCiy 675 cv. of (CHs),CCI(CHsCl)s,; 460: ce!’ on 1,1,2,360am 600 ¢ 
2-methylpropane and 130 ce. of CIC(CH2Cl)3. Chlorination of 400 ¢¢. at om 

fraction of these gave 140 gm. of (CHs)2CCICCl3. Chlorination of the G . irs 

(CHCl). gave the 1,2,3,-trichloro- and 1,1,2,3-tetrachloro- derivatives (CH 
CCICH,CI gave the 1,1,2- and the 1,2,3-trichloro- derivatives. Th genera i) 
presence of a chlorine atom on a carbon atom promoted further substitutig, ; 
that atom. On 9) 

Chlorination of Chloroform. Gault and Truffault 2% found chlorin 

¢adiatio 
sploromet 

Cl. + CBrCly ——> BrCl + CCh 

oroethane being formed. (A second reaction in which free bromine 
: pexachl PINE ts 
a lecules of carbon tetrachloride are formed occurred to only a negligible 

: ; : ; a! 4d two mo é' : bis 
out action on chloroform in the dark or when exposed to radiations of Wave-lenot 4 ‘a The rate of the reaction varied directly with the chlorine concentration 
longer than about 6390A. Violet light had a slight effect and ultraviolet 1a tent.) ced to a power between 1. and 1.5, and with the bromotrichloromethane concen- 

: on to a power somewhat greater than 0.5. The rate was markedly retarded 
promine chloride. It was not affected by the total pressure, but. was doubled 

j increasing the temperature from 28 to 50°C. No dark ‘reaction occurred. 

4 ‘ncident light intensity enters the rate law by a power slightly greater than 

(3000 to 3400A) a great one. The reaction begins at —5°C. and becomes rani 
at 5-10°C. Dry chlorides of calcium, zinc or aluminum act to some degree a 
catalysts, but ferric chloride appeared to inhibit the reaction entirely by acting 2 
an internal filter. Even in the absence of any stimulus other than ultraviolet, ¢h 

5 | 

reaction is complete and carbon tetrachloride results. Benrath and Hertel] 2s : : al ae ‘< [nert gases had practically no effect on the reaction rate. T he quantum 
observed an induction period of about thirty minutes when the reaction was Carries 2 Reyjas found to be much higher than previous workers had indicated. It reached 
out in carbon tetrachloride. a yieé + feast thirty at the beginning of the reaction but decreased to less than ten when 

In the vapor state, the rate of the reaction at 50 to 70°C. is proportional to the a | | : ; : he concentration of the bromine chloride had become large. The quantum yield 
square Toot of the chlorine concentration and to the square root of the absorbed Eid be decreased by lowering the concentrations of either of the two reactants. 

energy.~® The temperature coefficient is 1.45 between 50 and 60°C. Oxygen prac. 4 A little attention has been devoted to iodination reactions of the saturated 
tically suppresses the formation of carbon tetrachloride and yields phosgene, Ti a le paraffins. Iodine derivatives of the paraffin series, excepting liquid methane, 

reaction has a chain mechanism, with the following four reactions: he obtained by mixing the hydrocarbon in the dark with hydriodic acid and 

subjecting the mixture to the action of light rays of short wave-length or to the 

went electric discharge. The reaction temperature may. be reduced, according 

to the Badische Co.®° by operating under diminished pressure. 
_ The photochemical formation of phosgene in the action of chlorine on chloro- 

form in the presence of oxygen is inhibited by such substances as methanol, ethanol 

and ammonia. The duration of the inhibition is proportional to the quantity of the 

ibitor.26 It is due to the removal of the chlorine atoms by the inhibitor, since, 
if the latter is first chlorinated, it ceases to affect the reaction. 

ea a ed 

Cir Cla ela 

CCl. = Cle ar CGls om Gl 

CCls + Gils tlle 2CCh. 

Chapman #9 finds the average quantum yield of hydrogen chloride 1.70 in the 
chlorine-sensitized photodxidation of chloroform in carbon tetrachloride solutio 
in the vapor phase it is about 100. — 

In the replacement of bromine by chlorine in bromotrichloromethane, Nod. 
dack °4 reported a quantum yield of unity at high concentrations. This was 
decreased to about 0.2 when dilute solutions were used. A later study by Griiss 8 
indicated a value of 0.88, independent of the concentration. These workers 
assumed that the reaction is a simple replacement, and determined the rate of the 
change by measuring the absorption changes which attended the liberation of the 
bromine. ‘The possibility that an error might arise because of the formation of a 
bromochloride led Vesper and Rollefson 32 to examine the reaction again. They 
found the reaction more complicated than had been assumed, a chain process being 
involved. They employed the group of lines at 3660A isolated from the mercury 

UNSATURATED HYDROCARBONS 

owl few early patents were devoted to the chlorination of unsaturated hydro- 
“carbons. Eldred and Mersereau 37 state that olefins produced by cracking oil 
may be treated with chlorine in the presence of rays of a mercury-vapor lamp in 
order to obtain chlorinated products. They noted that the operation requires 
‘caution since the reaction is violent. Ragaz, Paillard and Briner 3° passed 30 cc. 
of kerosene over iron turnings in an iron tube at temperatures of 550 to 800°C. 
and obtained about 13 liters of gas containing about 30 per cent of unsaturated 
compounds. By passing a slight excess of chlorine into the gas as it was formed 
in diffused daylight about 57 per cent of the gas was converted into a mixture 
of chlorinated hydrocarbons. This gave fractions distilling at 65-100°C., 70.69 
"Per cent chlorine; 100-125°C., 73.41 per cent; 125-150°C., 75.14 per cent. These 
were mobile fluids whose flash points were 5°C., 19°C. and 36°C., respectively. 

26 For the chlorination of methyl chloride and dichloromethane, see Dachlauer, K., and Schmitzler, E., 
French P. 816,990, Aug. 21, 1937, to I. G. Farbenind. A.-G.; Chem. Abs., 32, 2142 (1938); German 
P. 657,978, May 25, 1938; Chem. Abs., 32, 5856 (1938). } 

27 Gault, H., and Truffault, R., Compt. rend., 179, 467 (1924); Chem. Abs., 19, 35 (1925). 

28 Benrath, A., and Hertel, E., Z. wiss. Phot., 23, 30 (1924). sl 
2° Schumacher, H. J., and Wolff, K., Z. physik. Chem., 25, 161 (1934). See, however, Schwab, G. M., 

and Heyde, V., Z. physik. ‘Chem., B8, 147 (1930). 

30 Chapman, A. T., J..Am. Chem. Soc., 56, 818 (1934). 

81 Noddack, W., Z. Elektrochem., 27, 359 (1921). 

32 Griiss, H., Z. Elektrochem., 29, 144 (1923). 

33 Vesper, H. G., and Rollefson, G. K., J. Am. Chem. Soc., 56, 1455 (1934). 

 *€ Paterno, E., Jahresb. Chem., 24, 259 (1871). 
® Badische Anilin u-Soda Fabrik, German P. 266,119, Oct. 31, 1911. 

"Schumacher, H. J., and Sundhoff, D., Z. Elektrochem, 21, 499 (1935). 

* Eldred, B. E., and Mersereau, G., U. S. P. 1,234,886, July 21, 1917. 

tog 822: Y., Paillard, H., and Briner, E., Helv. Chim. Acta, 8, 225 (1925); J. Soc. Chem. Ind., 
*749B, 580. 
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aviolet lie a as phase by Dickinson and Carrico,4? who conducted it at temperatures 

ble solya. the 5 nd followed the rate by measuring in an ingenious apparatus the 

olvent aor’. ° In the absence of oxygen, the chlorination proceeded with the 
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They readily dissolved sulfur, iodine or white wax. The use of ulty 
or the addition of catalysts did not improve the yield of non-flamma BI 

amp In a patent of the I. G. Farbenindustrie 89 1,1,2-trichloroethane js obtain Ore jn pressure. 
direct addition of vinyl chloride and chlorine gases without the use of 4 a q ans© a on the walls of the vessel of colorless crystals having the odor of hexa- 

by the aid of light or heat. —_ ema tie In the presence of oxygen little if any chlorination occurred, but 
a ec. ° . e e 

jloroetha” trichloroacetyl chloride were obtained. The rate of the chlorination a nd | 
Hose ortional to the chlorine concentration and to the square root of the inten- 
oe ofr 

ee of the light absorbed. oma i! 
ty ° the chlorine-sensitized photo-oxidation in the gas phase about 300 molecules 

. chloroethylene were oxidized for each quantum (3358A) absorbed. There 

a? dependence of the yield on the concentrations or light intensity. # tron 
a a D ination of trans-dichloroethylene at 80-95°C. by the 4358A line of the 

. i arc is a chain reaction.*® For a chlorine pressure of 100 mm. and an 

a Bon of 101° quanta per minute, the quantum yield is 7xX10° and the temper- 
so 
sure coefficient 1.13. For pressures of the dichloride greater than 20 mm., the 

The rate of addition of chlorine to ethylene is accelerated by the ays of 
mercury arc.4° Trichlorohydrin is obtained by further chlorination, in the pres | 7 
of a sulfur compound such as sulfur dioxide, sulfur chloride, sulfuryl chlorj a 

propylene chloride or a similar compound obtained by saturating unset ‘ 

hydrocarbons with chlorine.44 The sulfur compound should not exceed | per 1 
of the amount of chlorine. Sulfur dioxide and chlorine may either be introdue, 

separately or mixed. The reaction is effected in direct sunlight or ultraviolet a 

or the light of the flaming arc. The product is separated from any unchall 

propylene chloride by distillation. se 

In the chlorination of propylene dichloride with metallic iron present, ea 
violet light and low temperatures favor the production of CHC1(CH2C1).. High ate is given by d( CHCl ) 
temperatures without irradiation favor the formation of CHCH3CI.CHCL,22 ~~ ; rere ~—=h (Ins) # (Cle) 

Stewart and Weidenbaum 4? investigated the reaction between chlorine ap 
ethylene, using light from a 500-watt tungsten lamp and filters. At 43604 th 
quantum yield appeared to be large. During the early part of the reaction thes 
appeared to be a logarithmic relation between the chlorine pressure and the tim 
as well as a linear relation between the reaction rate and the light intensity, ‘Ty 
experimental results could be expressed by mechanisms involving either atom; 
chlorine or Cl; the collision efficiency of ethylene with either should be high, sing 
the reaction rate is independent of the ethylene concentration over wide limit 
The rate was thought to be determined by the rate of liberation of atomic chlorir 
from an intermediate, C,H,Cls. Any hydrogen added to the reaction yess 
appeared not to react until the ethylene-chlorine reaction had gone to completios 
When the reaction was carried out in solution in ethylene dichloride, it was ver 
rapid and less than 10 per cent of the chlorine was involved in substitution rea 
tions. But with pentane as the solvent, from 37 to 73 per cent of the chlorit 
entered into substitution and this could be increased by increasing the ethylene-to 
chlorine ratio. , 

Dickinson and Leermakers #4 found it possible to chlorinate tetrachloroethyler 

in carbon tetrachloride solution by the action of blue light in the absence ¢ 
oxygen. The chlorination proceeds as a chain reaction with a large quantum yiel 
(300-2500) and at a rate proportional to the square root of the intensity of illum: 

nation. In the presence of oxygen, in place of a simple inhibition, there occut 

a chlorine-sensitized oxidation to trichloroacetyl chloride and phosgene.*> Thi 

reaction proceeds in solution with a comparatively small quantum yield (1 to 2.5 
and at a rate proportional to the light intensity, and to the chlorine concef 

tration.4® The work on the chlorination of tetrachloroethylene has been extende 

a ism involves the reactions: 
The mechams 

y 

Cl += CoHeCle ee C.H»Cls 

C.H2Cls se Cl. —a C.HeCh = fe Cl 

2C2H2Cls aise 2CeH>Cle ae Cl. 

7 he reaction is strongly inhibited by the presence of oxygen. ho 

The reaction with the cis- compound is very similar.*9 In this case, a sensitized 

oxidation with greater quantum yield does not occur. In the chlorination of tri- 

‘chloroethylene, the rate of formation of pentachlorethane is proportional to the 

‘chlorine concentration and the square root of the energy absorbed. Only at pres- 

sures below 5 mm. is it dependent on the concentration of trichloroethylene. The 

temperature coefficient is 1.20. The quantum yield (chlorine at 100 mm. and 

1.7x10!4 quanta per second) is 700. The reaction is inhibited by oxygen and a 

‘sensitized oxidation occurs. | : 

Notwithstanding the many instances of inhibition of chlorination processes by 

_ oxygen, Willard and Daniels ®° find the rate of photobromination of liquid tetra- 

chloroethylene with light of 4360A to be increased by small amounts of oxygen. 

‘But when one atmosphere of oxygen is used, the photobromination is almost com- 

“pletely inhibited, probably because of a bromine-sensitized oxidation. The bromi- 

nation products inhibit the reaction but the concentration of tetrachloroethylene is 

not important. The quantum yield varies enormously from 24 to only 0.009 
(moles of bromine disappearing per quantum) with values of 1 to 5 the most 
frequent. The free radical C,Cl,Br is believed to play a part in the reaction 
mechanism and it is suggested that the life period of this radical is much shorter — 

at higher temperatures and that it is stabilized by oxygen. 
These authors also found that the photobromination of chloroform does not 
occur at 2650A in the absence of oxygen, although a reaction takes place in the 

"Dickinson, R. G., and Carrico, J. L., J. Am. Chem. Soc., 56, 1473 (1934); see also Stewart, T. D., 
and Smith, D. M., Ibid., 51, 3082 (1929). 

Miller, K. L., and Schumacher, H. J., Z. physik. Chem., B35, 285 (1937). 

807 (1a K. L., and Schumacher, H. J., Z. physik, Chem., B35, 455 (1937); 2. Elektrochem, 43, 

_ Willard, J., and Daniels, F., J. Am. Chem, Soc., 87, 2240 (1935). 

39 British P. 298,084, Sept. 30, 1927, to I. G. Farbenind. A.-G.; Brit. Chem. Abs., B, 122 (1929 

40 Kinumaki, S., J. Chem. Soc. Japan, 54, 142 (1933); Chem. Abs., 27, 2369 (1933). 

41 British P. 168,676, Feb. 18, 1921, to Glysyn Corporation; Chem. Abs., 17, 771. (1923). 

42 Levine, A. A., and Cass, O. W., British P. 471,188, Feb. 28, 1936, to E. I. DuPont de Nemout 
and Co.; Brit. Chem. Abs., B, 1309 (1937). _ 

43 Stewart, T. D., and Weidenbaum, B., J. Am. Chem. Soc., 57, 2036 (1935). 

44 Dickinson, R. G., and Leermakers, J. A., J. Am. Chem. Soc., 54, 3852 (1932). 

45 Cf. Besson, A., Compt. rend., 121, 125 (1895). 

46 See also Dickinson, R. G., and Leermakers, J. A., J. Am. Chem. Soc., 54, 4648 (1932). 
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et — 55°C., the quantum yields vary as much as forty-fold. They fall off 
mY ecreasins frequency of light to the order of 0.01 at 6440A.°° The rate is 
jy proportional to the concentrations of olefins and of iodine, and to the light 

aaity- {,2-Diiodobutane, prepared at low temperatures, was photolyzed at 
70 and 25°C., the quantum yields increasing from 0.7 to 1.15. 
e Right and Wiig ° find that in red light, a solution of iodine and ethylene in 

2 tetrachloride readily yields ethylene iodide, although no dark reaction 
a in 36 hours. The rate depends on the ethylene pressure and falls off with 
easing concentrations of iodine. “The reaction probably involves excited iodine 

scutes. Lhe photodecomposition yields iodine atoms, and the sensitized decom- 
on proceeds similarly. not 
Bic photochemical chlorination of acetylene has been investigated by Peters 
| Neumann 62 under a variety of conditions by static and dynamic methods. 

ben mixtures of chlorine and acetylene at pressures up to 50 mm. were illumi- 

presence of small amounts of the latter. Kaufmann and Hansen-Schmigt 51 ¢_ 
a,3-diiodoethylene to react rapidly with bromine in carbon tetrachlorj - 
but not in darkness. . ; ; 

Schultze ©? briefly called attention to the possibility of a bromine-sengit; :. 

of the oxidation of unsaturated hydrocarbons. | ati 

The Action of Iodine on Unsaturated Hydrocarbons. Badger and Up 

ston 53 suggested the possibility of separating two types of iodine molecyle if 
one of which absorbs the 5461A line, by causing the activated type to react shal 

chemically with hexene vapor. | Phot 

The photosensitizing action of iodine upon the decomposition of ethylene iol 
° ° ° . 2 65 

in carbon tetrachloride solution has been studied by Schumacher and wy, 
The rate is proportional to the concentration of the ethylene iodide and tg i. 
square root of the absorbed light energy. At 100°C. the temperature coefficient 
1.57 per 10°. The mechanism involves a chain of simple type carried by aan 
atoms. Murthi®® finds their data consistent with every collision between iodi 
atoms in solution resulting in the formation of iodine molecules. According | 

Schumacher and Stieger®° the quantum yield decreases markedly in the pg. 

region at 5461 or 5770A as compared with that at 4360A. Their results indj I 

that at 5460A and 780A, excited iodine molecules for the most part give up the nption by 5 per cent. The percentage of contraction on illumination increased 

energy without dissociating. Murthi5? calculates from their data and the assum 4, the pressure. Pure nitrogen had little effect on the reaction, but nitrogen 

tion that every collision between iodine atoms produces a molecule, that the enere ataining about 5 per cent of oxygen stopped it. In the presence of a large 

of activation is 12 kcals. as compared with an observed value of 11.8. No gtep: a 

factor is needed to bring the calculated and observed rates into agreement. Dic 4 
son and Nies,®8 objected that Schumacher’s conclusion that excited molecules iF 

the band region largely lose their energy without dissociating was the result 
a failure to take into account possible variations in the absorption of the green FE. 

blue lines. They repeated rate measurements at various wave-lengths giving spec 
consideration to the distribution of energy. As a result, they concluded that the rat 
are only slightly lower in the region of discontinuous absorption than in that 
continuous absorption. The rate of the reaction depends only upon the rate 

production of iodine atoms, irrespective of whether they are formed by primat 

dissociation or as a result of collisions of excited molecules, presumably wi 
solvent molecules. | i 

When an equimolar quantity of iodine was added to 0.01 molar solutions | 

1-butene in methylene chloride or chloroform and the solutions illuminated, 90 p 

cent of the iodine disappeared in three hours in the former solvent at —60_ 

—90°C. and 98 per cent in the latter at —60 to —70°C.°9 On irradiating the sol 

tions in quartz by a spark between high-tungsten steel electrodes, the iodine w 

evolved quantitatively within an hour in three stages. At 20°C. for 100 hour 

84 per cent of the iodine was evolved, also in stages. | | 

In the quantitative photoiodination (4360, 5460, 6440A) of the first six simp 

de in lig 

led by @ mercury arc, the pressure rose after a definite time, and then dropped 

igenly, indicating the formation of C,H2Cl, and CyH2Ch,. Whee SDE 
ctions of acetylene, larger proportions of the former compound were obtained. 
, increase of 30 per cent in the time of illumination increased the chlorine con- 

cess of hydrogen, a smaller yield was obtained but there was practically no for- 
ation of hydrogen chloride. .The explosive process C,H,+ Clg > 2C+2HC1 
ynnot occur at pressures below 70.mm. | 

‘The photobromination of acetylene, in which C,H2Brz is for ed, has been 

died at 150°C. by Booher and Rollefson,®? using the wave-lengths 4358, 5461 . 

nd 5791A. It is a chain reaction with chain length of from about 500 at 150°C. 

, 3000 at 20°C. independent of the wave-length. The rate depends on the first 

ower of the light intensity and on powers of the bromine the ef 

m 
ations between zero and one. No difference is found in the effect of light of 

e-lengths above and below the convergence limit of the bromine bands. The 
ence of temperature is very small. 

_ These experiments were repeated by Franke and Schumacher,®* who mini- 
mized the effects of impurities by using greaseless valves and measured the rate 

spiral quartz pressure gauge. Their results differed, but exact rate equations 
d not be given. The following reactions were suggested as playing a part | 

in the mechanism: | | 

4 Bre + hy —— Br-+ Br. 

Br + CH. —— C.HeBr 

C-H.£Br —— C.H. +Br 

C-H.Br + Bre ——> C:H.Br2 + Br 

Br ——> W ——> CH + 1/2Brz 
r——> Wall —— 1/2Br. 

Br + Br + M —— Breo+ M’ 

BL ea thienn, H. P., and Hansen-Schmidt, E., Arch. Pharm., 263, 32 (1925); J. Chem. Soc., 12 

A(ITI), 554. 
 - 

52 Schultze, G. R., J. Am. Chem. Soc., 53, 3561 (1931). ' J 

88 Badger, R. M., and Urmston, J. W., Proc. Nat. Acad. Sci., 16, 808 (1930); Chem. Abs., 4 

17%37- €1931). 
54 Schumacher, H. J., and Wiig, E. O., Z. physik. Chem., 11B, 45 (1930). . 

55 Murthi, D. S. N., J. Indian Chem. Soc., 12, 173 (1935); Brit. Chem, Abs., A, 832 (1935); GM ] 

ee Ndhgiicace, 
| © DeRight, R. E., and Wiig, E. O., J. Am. Chem. Soc., 58, 693 (1936). 

88 Schumacher, H. J., and Stieger, G., Z. physik. Chem., 12B, 348 (1931). © Peters, K., and Neumann, L., Angew. Chem., 45, 261 (1932). 

 Murthi, D. S., J- Indian Chem. Soc., 12 173 (1935); Chem. tbs. 28, 5351 (90). gl epother, J. E., and Rollefson, G. K., J, Am. Chem. Soc., 56, 2288 (1934) | 
68 Dickinson, R. G., and Nies, N. P., J. Am. Chem. Soc., 57, 2382 (1935). ~ 2. b% Franke, W. K., an rote. A , ; a 

9 Forbes, G. S., and Nelson, A. F., J. Am. Chem, Soc., 58 182 (1936). : BS inch Chen BY ye ODO 

Forbes, G. S., and Nelson, A. F., J. Am. Chem. Soc., 59, 693 (1937). 
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Higher quantum yields (40,000) have since been found at 90°C. and with 
pressure of each of the reactants.®© 7 

The bromination of acetylene bromide, by wave-lengths 5460, 4360 and 406 

is thirty times as fast in the gas phase as in solution in carbon tetrachloride a 
equivalent conditions.°® In both cases, the unimolecular rate constant fora ids and Their Salts. In the manufacture of lethal gases in Germany 

removal of bromine is proportional to the square root of the absorbed energy . f 4 ® war, Carr ™ states, the preparation of diphosgene proved very trouble- 

temperature coefficient is 1.4. — 4 Methyl formate was chlorinated in vessels furnished with chlorine pipes and 

Ghosh and Bhattacharya extend the work to include the iodination of phe v fully lined first with lead and then with two layers of tiles. ‘The cement was 

acetylene, dicyclopentadiene and B-amylene.®? | a Dio consist of powdered fireclay, asbestos and sodium silicate. These pre- 

Bons were necessary because any metal introduced onto the mixture from the 

Bion vessel acts as an anticatalyst. The temperature had to be carefully con- 

‘led during the reaction to obtain the best results. As a source of light, which 

< necessary, an Osram lamp of 4000 c.p. was used. The reaction took from 

q to eight days for completion. | | 

‘In the process of chlorination of methyl chloroformate described by. Kling, 

jorentin, Lassieur and Schmutz,7 methyl chloroformate is first prepared by the 

fon of carbonyl chloride on methyl alcohol at as low a temperature as possible, 

small amount of dimethyl carbonate being formed as a by-product. No matter 

tether the chlorination takes place in sunlight, arc light, or the light of an 

scandescent lamp, the monochloroester is obtained almost free from the dichloro- 

a pound which, having almost the same boiling point, is very difficult to remove. 

sirther chlorination gives the dichloroester which is easily fractionated from the 

<chloroester which is also formed.: Chlorination to the limit gives the latter. 

ethyl formate may also be used as the’ starting material, giving practically the 

ame products. 

~ Grignard, Rivat and Urbain 7° state that chlorination of methyl chloroformate 

in diffused light gives only the ai orc ester, and that bright sunlight is 

. highly lachrymatory ketone.7? Hill and Kropa also find that colorless 

* mopinacolone, when exposed for six hours to ultraviolet light, becomes 

nd then orange. Most of the material is unchanged but some dibromo- 

clone can be obtained. 

100 + 

& 

OTHER ALIPHATIC COMPOUNDS 

Volmar 68 claimed that methyl sulfate readily undergoes chlorination at ¢, 
nary temperatures under the influence of ultraviolet rays and more slowly yng 
the influence of the light from an arc lamp or a metal filament lamp, the product. 

all cases being methyl chloromethyl :sulfate. The fixation of a second chlori; 
atom was not observed. It was thought to require radiations of such a war 
length that the dichloromethyl sulfate would be decomposed as it formed, 4 

- The bromination of ethyl alcohol occurs under the influence of light,69 
reaction is retarded by potassium bromide. A satisfactory mechanism has Hoe” 

been proposed. Berthoud believes C.H;O may function as an intermediary, ; 
the case of propyl, isopropyl and butyl alcohols the quantum yields are large (566 
6800 and 8500A).79 They increase with temperature and decrease with increasi; 
wave-lengths. The rate of the reaction increases with the amount of light enere 
absorbed. At these longer wave-lengths the primary reaction is believed to } 

- the activation of bromine molecules... The temperature coefficients were found 

be above two in most cases. With Bhagwat, Malaviya and Dhar ™ found ¢ 
rate of the reaction with propyl alcohol to be proportional to the square root 
the light intensity at 6800A and nearly so at 8500A, but directly proportional to 
at 5660A. On the other hand, with isopropyl and butyl alcohols, the rates we 
proportional to the square root at 6800A and directly proportional to it at 56 
and 8500A. In all cases the reaction is retarded by potassium bromide, and ¢t 
rates are then proportional to the square roots of the intensities. a 

The rate of addition of iodine to allyl alcohol in aqueous solution is not inf 
enced by light, but with carbon tetrachloride as solvent there is a photochemie 

reaction similar to the photobromination.72 , 

“necessary for the formation of the di+ or trichloromethyl ester. In ultraviolet rays, 

the trichloromethyl ester is easily obtained. The effect of temperature is such that 

up to 110-112°C. the chlorination proceeds smoothly; from 113-114°C., it slackens 

y noticeably. At 117°C. decomposition begins to take place, with the forma- 

1 of carbonyl chloride. Catalysts, such as ferric chloride, antimony chloride, 

, are initially beneficial in the formation of dichloromethyl ester, but when a 

tain concentration has been reached, decomposition commences, and may con- 

1e indefinitely, since some of the perchloride becomes dissolved in the liquid 

and continues its action. | , 

Formic acid itself is chlorinated with quantum yields of about 2000 when the 

-3650A mercury lines are employed. These lines do not affect the acid but only 

‘the chiorine in the primary process. West and Rollefson ™” find evidence for the — 

production of an unstable intermediary product, chloroformic acid. If this 1s 
destroyed by heat or if there is an excess of chlorine, hydrochloric acid and carbon 

dioxide are the only products. There is no appreciable difference in reactivity 

between the single and double molecules of formic acid. For the former the 

feactions involved may be: 

Monochloropinacolone has been prepared by treating pinacolone in carbs 

tetrachloride with chlorine in a quartz flask exposed to strong ultraviolet light 

6 Miller, K. L., and Schumacher, H. J., Z. physik. Chem., B39, 352 (1938); B40, 318 (1938). — 
66 Ghosh, J. C., Bhattacharya, S. K., and Bhattacharya, S. C., Z. physik. Chem., B32, 145 (193 

For the bromination of dichloroacetylene, Ghosh, J. C., Bhattacharya, S. K., and Murthi, M. L. 2 
J. Indian Chem. Soc., 14, 425 (1937); Brit. Chem. Abs., AI, 627. (1937). 

hale Aoeey J. C., and Bhattacharya, S. K., Science and Culture, 3, 120 (1937); Chem. Abs., < 

68 Volmar, Bull. soc. chim., 27, 181 (1920); J. Chem. Soc., 118, (I), 661 (1920); Chem. Absam 
3406 (1920). 

®Bugarski, S., Z. physik. Chem., 71, 705 (1910); Berthoud, A., and Béraneck, J., J. chim. pay 
25, 28 (1928). 

7 Malaviya, K. N., and Dhar, N. R., Z. anorg. allgem. Chem., 199, 418 (1931); Chem. Abs. 
5846 (1931). ‘ 

7. Bhagwat, W. V., Malaviya, K. N., and Dhar, N. R., Z. anorg. allgem. Chem., 199, 406 (193 
Chem. Abs., 25, 5846 (1931). tT 

72 Berthoud, A., and Mosset, M., J. chim. phys., 33, 272 (1936). ‘a 

7% Hill, G. A., and Kropa, E. L., J. Am. Chem. Soc., 55, 2509 (1933). 

_—™Carr, F. H., J. Soc. Chem. Ind., 38, 468R (1919). Kling, A., Florentin, D., Lassieur, A., and Schmutz, R., Compt. rend., 169, 1046 (1919); Chem. 
Abs., 14, 738 (1920). 
79 Grignard, V., Rivat, G., and Urbain, E., Compt. rend., 169, 1074, 1143 (1919); J. Chem. Soc., — 

18, 1138 (1920). 

a ™ West, H. L., and Rollefson, G. K., J. Am. Chem. Soc., 58, 2140 (1936). 
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Cie ia! are C+ CI 
Gl HCOOH +>  COOL-- HG 
COOH. ——>. GOz-4 
COOH + Ol ——> CICOOH + Cl 
Gils Hare TICL Cl 
CACOIOE pao Cs f.EiCt 
Cl Cl: M => Ch+M 

a ry ‘inversely with the square root of the incident intensity of the blue 
at a 3420, 4880, 4480, 4080 or 3650A, the order is zero molecular. 
t, the case of the bromination of tartaric acid in aqueous solution, the Indian 
+9 83 found an induction period of two days. The unimolecular rate con- 
D BD secreased as the initial concentration of bromine was increased, and increased 
mn Bt of tartaric acid, the more so when part of the acid was replaced by the 

ve % It diminished when hydrobromic acid was added 0 ah exposure, 

4 Led with time and increased rapidly with increase in frequency of light 
ed It varied approximately as the square root of the light intensity. The | 

:. yield was high, bromine atoms being involved in the mechanism. These 
ia x with oxygen (present in solution or liberated by the photochemical reaction 
Domine molecules with water) at a rate directly proportional to the oxygen 

centration and to the square .of the bromine atom concentration. Photoinhibi- 
-< were also destroyed by reacting with bromine atoms. The temperature 
af cient of the velocity is high, 4.6 per 10°C. 

B ican ied « : ‘ ; ) - Pprik 84 chlorinated impure methyl stearate in diffused light without a catalyst 

; » the reactic th zinc dust, this product split off 12 per cent of its chlorine. 7 
mle herent a ie PRT ge Fee ene sr nie a or :: The reactions of bromine ree of ae with oxalic acid have been Resi ie 

slower rate and in accordance with the logarithmic law. Two atoms of i i“ in Chapter ee the coca“ wey eae eo area O ydroge 

were replaced in u-butyric acid, both at logarithmic rates, the steps of the réagHe 
being markedly distinct. The chlorination of ethyl ether proceeded linearly durin, 
the displacement of one atom and then, after slowing up, the second atom wa 
replaced at a logarithmic rate. The induction period was long in the case of acetj 
anhydride and the reaction was in two phases, but the rates were neither linear 
nor logarithmic. Some of the results indicated a tendency toward periodicity,7 

In the photobromination of lactic acid, Ghosh and Basu °° found it impossipb} 
to get regular values for a monomolecular rate constant. It appeared that th 
quantum yield was low, about 0.25, but the measurements were not. considered yer 
accurate since about two-thirds of the transformation appeared to be due to th 
thermal reaction. Much more regular results were obtained in the case of calciun 
lactate, but even in this case the dark reaction accounted for about 75 per cent 0 

the observed velocity. Increasing the concentration of the salt increased th 
velocity constant, but increasing the bromine concentration made the constants 

irregular, the reaction tending to degenerate into one of zero order. When thi 
concentration of the salt is small (0.03N), the quantum yield is about 0.5, but this 
becomes unity when the concentration is increased to 0.06N.81 

Purkayastha 8? finds that in the bromination of organic acids, there is af 

induction period which vanishes in the presence of potassium bromide. The 
quantum yields, higher than those of other observers, possibly because of elimina- 
tion of oxygen, are for light of 4700A, 15 (lactic acid), 13 (phenyl-lactic acid), 
13 (mandelic acid) and 3 (citric acid). The induction period is ascribed to the 

formation of complexes between bromine and the reacting acid. The velocity con- 
; i 

78 Custis, H. H., J. Frank. Inst., 184, 874 (1917); see also Benrath, A., and Hertel, E., La WIS. 

Phot., 23, 30 (1924). : 4 

79 See, however, Plotnikow, J., Z. wiss. Phot., 2379 (1924). _— 

pees J. C., and Basu; K., Quart. J. Indian Chem. Soc., 2, 39 (1925); Chem. Abs., 2%, A 
1926). oe ; 

81 For temperature coefficients in various solvents, see Yajnik, N. A., and Uppal, H. L., J. Indian 
Chem. Soc., 6, 729 (1929); Chem. Abs., 24, 1035 (1930). © 

8° Purkayastha, R. M., J. Indian Chem. Soc., 6, 361, 375, 385 (1929); 7, 991 (1930); Chem. Abs: 
23, 5420 (1929); 24, 784’ (1930); 25, 2922 (1931). 

A similar mechanism can be given for the reaction with the double molecule 4 

In the chlorination of acetic acid in a quartz flask under the influence a 7 

from an iron arc, Custis 78 found that the yield of monochloracetic acid is inn 4 
by the use of red phosphorus as a catalyst. No reaction was observed ie 

light from an ordinary projection lantern replaced the iron arc. No results na 

obtained by passing the chlorine gas through a quartz tube irradiated with ale 
violet light before passing it into a non-irradiated flask containing “a 

: 
glacial ac at 

acid. 7 

204A, Bhattacharya and Dhar ® find the temperature coefficients to be 2.3, 2.4: 
snd 2.5. Lhe quantum yields are 8.6, 7.2 and 4.9, there being little difference in 
be reaction as conducted by absorption in the band or continuous spectral regions. 
tm a later reinvestigation of this reaction, they, with Mukerji,8® concluded that in 
the absence of potassium iodide the thermal and the photochemical reactions are 

snj- and semi-molecular, respectively. The reaction rate is not a constant func- 
of the light intensity. Stirring increases the rate and reduces the temperature 

coefficient, which is the smaller the greater the acceleration due to light. 

The addition of bromine to maleic and fumaric acids is not influenced by light, 
according to Berthoud and Mosset.87 | 
When bromine was added to B-phenylpropiolic acid in cold chloroform and 
the reaction allowed to go to completion at room temperature in light, the cis-trans 
tatio in the products was about two to one. In darkness at zero, it was three to 

‘two. With the methyl ester, the ratios were one to three and one to two, respec- 

tively.88 7 | 
In preparing o-bromo-@-methoxybutyric acids, West and Carter brominate in 
‘sunlight an addition product of crotonic acid and mercuric acetate.®9 

a Cyclic Compounds. Mono- and di-brom-phenylcyclopropane-1,2-dicarbox- 
ylic acids were prepared by Haerdi and Thorpe % by using the rays of a power- 
ful arc lamp. Nicolet and Sattler 91 found that bromine reacts easily with ethyl- 

87 
‘¢ 

® Ghosh, J. C., and Mukherjee, J., Quart. J. Indian Chem. Soc., 2, 165 (1925); Chem. Abs., 20, 
ag Ghosh, J. C., and Basu, K., J. Indian Chem. Soc., 5, 343, 361 (1928); Chem. Abs., 22, 

_ &Prik, E. M., Plasticheskie Massui, 6, 26 (1934); Chem. Abs., 29, 4734 (1935); see also Scheib- 
ler, H., and Schmidt, H. J., Ber., 69B, 12 (1936). 

% Bhattacharya, A. K., and Dhar, N. R., J. chim. phys., 26, 556 (1929). 
__ Bhattacharya, A. K., Dhar, N. R., and Mukerji, B. K., J. Indian Chem. Soc., 12, 151 (1935); 
Brit. Chem. Abs., 1935A, 832. 
_ * Berthoud, A., and Mosset, M., J. chim. phys., 33, 272 (1936). 

% Ayyar, P. R., J. Indian Inst. Sci., 18A, 123 (1935); Chem. Abs., 30, 2185 (1936). 

BE West, H. D., and Carter, H. E., J. Biol. Chem., 119, 103 (1937). 

had Haerdi, W., and Thorpe, J. F., J. Chem. Soc., 127, 1237 (1925). 

"Nicolet, B. H., and Sattler, L., J. Am. Chem. Soc., 49, 2069 (1927). 
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cyclopropane-1,1-dicarboxylate even in diffused light. The nature of the 
depended on the conditions of bromination. Apparently both ethyl 2-hro 
propane-1,1-dicarboxylate and B-bromoethylbromomalonate were formed a 

cases, but the proportion of the latter was much higher when the bromination 7 

carried out at higher temperatures and under mercury-arce illumination, | Th 
former is apparently the primary product from which the latter is prody, ba _ 
subsequent reaction of the hydrobromic acid liberated. Bromination of , 4 
propane-1,1-dicarboxylic acid in carbon tetrachloride in ultraviolet light affort 
bromo-@-bromoethylmalonic acid. In chloroform, the product is a vistoum vd 

which loses carbon dioxide upon distillation with the formation of 2-bromocyela 

propane-carboxylic acid. Bromination of ethyl 1-cyanocyclopropane-1-carboxylay 

affords ethyl 2-bromo-1-cyancyclopropane-1l-carboxylate and ethyl a,y-dibromo.» 
cyanobutyrate. Bromine is without action in ultraviolet light on cyanocycloprop, 4 

and 1-cyanocyclopropane-l-carboxylic acid. a 

Banism.” It was found that the main initial reaction is one of addition but 

i” some substitution also occurs. At the beginning, the rate of change of 

F ure iS proportional to the square root of the light intensity and to the pressure 

ow e chlorine and that of the benzene. No pressure change is observed unless 
By! chloride forms and condenses on the wall. After this there is a liquid 

D ction which consists in large part in the addition of chlorine to benzene dis- 
a d in the liquefied phenyl chloride. 

q In the gas phase photochlorination of chlorobenzene, which also proceeds by 

ort chains, the initial rate of reaction of the chlorine is proportional to a power 

Bene light intensity between 0.5 and 1.0. The rate is also about proportional 

, the product of the chlorine and chlorobenzene concentrations and is increased 

4 surfaces. The ratio of substitution to addition increases from much less than 

~ to more than one as the ratio of chlorine used to the initial pressure of chloro- 

es hae uazene increases. The rate of addition of chlorine to p-dichlorobenzene is 
The photobromination of cyclohexane by rays of wave-length 5460A at 30°C Jightly less than that to chlorobenzene. Some intermediate substances have been 

has been investigated by Wood and Rideal.9* Both the thermal and the photo. veolated; the final product is dodecachlorocyclohexane. 

chemical reactions conform to the unimolecular law and the latter has no temper. here is little difference in the rates of photochemical chlorination of the three 
ature coefficient. The velocity of the reaction is proportional to the light intensit, | 
: : 7 benzenes.28 The rate is proportional to the light intensity at low intensi- 
independent of the cyclohexane concentration and reduced by the presence of oxygen 4 Pat at higher ones depends ah some power between 0.5 and 1.0. It is inde- 

Se eee id ee latter pica tapenan nent of re oe of ine cyclohexaa Be dent of the chlorine pressure except as this affects the light absorption, but is 
ost 98 found the characteristics of the reaction to be the same in both the region, Bt ona] } £ dichlorob 

: ; 2 ; ns eanortional to the pressure of dichlorobenzene. 
of continuous and discontinuous absorption by the halogen. The reacti ol prope 1 ae . . 

varied approximately with the Cai She 4 the ie concentralianaa 4 ee onion gine’ eb orients. sri ee ie 

temperature coefficient was two and the quantum yields increased with ris} ; Bee mpcrature has been foun diy Tway det site Sip to decnedee im, (DE cage 
t P so q y with: TiSiig sf the 1,2,3-, 1,2,4- and 1,3,5- compounds, requiring 7 days, 10 days and 9 weeks, 
emperatures. ee . 

‘a carbon tetrachloride, the chlorination of this compound under the inflye e i ae g ee ss near hes Lisi ee pate 
; ; : «as ; : ; am mus % ’ -p- . 

of either white or monochromatic light, is unimolecular with respect to chlorine BF eeystals iy LG pare SiG “ECh and W2en4 AACS 6s tialison caer 

The velocity coefficient is directly proportional to the intensity of the incident ene, obtained by the loss of hydrogen sits Fenty: #* -tatiees unctatis hewn? 

radiation, independent of the concentration of chlorine and increases slightly wit} 1 3 B-trichlorobenzene yields one isomer of 1/1’,2,3,3’,4,5,5’,6-nonachlorocyclo- 

the concentration of the cyclohexane.94 The coefficient diminishes a little as the F ¥ Bs Aer ame ge ie . 
k | ue | ‘hexane. Addition is assumed to occur most readily at double linkings unsubstituted 

Date Ah PSE eee aaa te Pee eh ae Ae. a in both Kekule forms. Van der Linden also reports 4° on the addition of chlorine | 

r ’ . an a = : . : 

3660A. The temperature coefficients for these wave-lengths are 1.5, 1.29 and 1.26 to penta- and hexachlorobenzene. The form nielded hexachlorobenzene and a 
’ P 8 er ture of 1,2,3,3',4,4’,5,6,6’-enneachloro-l-cyclohexene and. its stereoisomer. The 

os ectively. achlorobenzene gave dodecachlorocyclohexane and a small quantity of deca- 

chlorocyclohexene. | | 

The B-isomer of hexachlorobenzene after 17 days in sunlight, formed principally 

_B-p-dichlorobenzene hexachloride and probably the 1,2,4-trichlorine derivative.1°? 

4 -Hexabromodihydrobenzene and liquid chlorine, exposed to sunlight for 40 days 

ina sealed tube, gave dodecachlorohexane, CgH Cy, melting 108-110°C.10 
‘@ The liquid phase photobromination of benzene in carbon tetrachloride by low 
concentrations of bromine (1 to 2 mg. per cc.) has been studied by Meidinger.1°? 
The bromine can either be directly substituted in the ring with the formation of 
~monobromobenzene, or the double bonds may be broken with the formation of 

Prody 
Mocy : le 

i 

AROMATIC COMPOUNDS of 

The influence of light in facilitating the chlorination of toluene in the side- 

chain has long been known and employed in practice. Before discussing this 
reaction and its application, attention will be devoted to the halogenation reactions 
of benzene. ig 

Luther and Goldberg ®® found the frequently irregular course of the photo- 
chlorination of benzene to be due to the retarding effect of small quantities of 
oxygen, an effect frequently noted in chlorination reactions in general. The rate 
of the reaction with liquid benzene is proportional to the square of the pressure ol 
the chlorine employed. The final product seems to be largely benzene hexa 
chloride.9® | : a 

On the other hand, in the vapor phase the reaction proceeds by a short-chain 

>. Lane, C. E., Jr., and Noyes, W. A., Jr., J. Am. Chem. Soc., 54, 161 (1932); Smith, H. P., 
a ory” and Hart, E. J., [bid., 55, 4444 (1933); Hart, E. J., and Noyes, W. A., Jr., Ibid., 
86, 34). 
_ Fisk, C. F., and Noyes, W. A., Jr., J. Am. Chem. Soc., 58, 1707 (1936). 

22 Wood, B. J., and Rideal, E. K., J. Chem. Soc., 2466 (1927). ase ‘ _ van der Linden, T., Rec. trav. chim., 55, 315 (1936); Chem. Abs., 30, 6345 (1936). 

% Jost, W., Z. physik. Chem., Bodenstein Festschrift, 291 (1931). a van der Linden, T., Rec. trav. chim., 55, 569 (1936); Chem. Abs., 30, 7103 (1936). 

4 Basu, K. P., J. Indian Chem. Soc., 6, 691 (1929); Chem. Abs., 24, 1033 (1930). , _ van der Linden, T., Rec. trav. chim., 57, 217 (1938); Chem. Abs., 32, 4542 (1938). 

% Luther, R., and Goldberg, E., Z. physik. Chem., 56, 43 (1906); J. Chem. Soc., 90, (II), 641 (1906). _ van der Linden, T., Ibid., 57, 401 (1938); Chem. Abs., 32, 5775 (1938). 

96 Slator, A., Z. physik. Chem., 45, 540 (1903). ‘q _ 8 Meidinger, W., Z. physik, Chem., 5B, 29 (1929); Z. Elektrochem., 35, 738 (199). 

a 
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benzene hexabromide. The reaction is independent of the bromine cop jet rays on this reaction the source of the rays was removed and the 
travio and of the wave-length of light used. Meidinger.was unable to explain his a ig ciment carried out in a similar manner. The results of one test are given in 

vation that the temperature coefficient decreased from 1.6 to 1.0 as the conce i. O22 Tere ieee 
tion of benzene employed decreased. : ntrg | Table 22.—Products from Chlorination of Toluene. 

Rabinowitsch *°* also found the temperature coefficient 1.63 it varied put ne Gea ye Tube pathont Guage abort 
with the light intensity or the wave-length between 3000 and 5500A. here a Fraction PUREST BRIER a en eed 
however, a fall with wave-lengths approaching the convergence limit of bron Up to 150°C. | 72 42 
and an increase with increasing concentrations of the latter. The quantym vial Biase \ ee ce 

at room temperature was 0.4 to 0.9. This author believed that even when ¢h 198-215°C. Ca ahs 65 
solution was considerably diluted with solvent, the bromine molecules remaine 
attached to the benzene molecules and on light absorption reacted with a ; 

The compound CgHgBrg may be formed chiefly by the reaction of activateg be 
mine molecules, but the phenyl bromide results from a reaction with a 
atoms: 

A process for the manufacture of side-chain chlorinated toluene advocated by 
bg and Geiger,’ called for ultraviolet radiation. It was claimed that when 
Bac in vapor phase is mixed with chlorine gas in the definite theoretical pro- 
ions to produce chlorinated side-chain products and the mixture exposed to 
Daviolet tays, the bodies desired are produced in greatly increased yields and 

shout the production of interfering by-products. By carefully regulating the © 
seed at which the reacting substances pass continuously through the reaction 
amber, a high degree of purity results. They state that it is advisable to work 
‘thout a catalyst since it is not essential to the reaction and would tend to con- 
minate the products. According to this process, benzyl chloride, benzal chloride 

nd benzotrichloride may be produced in accordance with the proportion of chlorine 
mployed. Gibbs 12° states that when a low-pressure mercury-vapor lamp is used, 

mixture of benzyl chloride and benzal chloride is produced and that a high- 

ressure mercury-vapor lamp gives benzotrichloride. Conklin11! has patented 

ectional glass reaction towers for the chlorination of benzene or toluene under the 

fluence of actinic rays. However, the use of ultraviolet rays is not essential.11 
In experiments on the photobromination of toluene, made in atmospheres of 
16 per cent and 4 per cent nitrogen, LeBlanc and Andrich 1#® found the yield of 

zyl bromide independent of the intensity of light and \constant throughout 
entire portion of the spectrum investigated. The speed of the reaction 

reased with decrease of wave-length and was practically zero for wave-lengths 
rter than 3000A. Swensson 14 reports that the rate of absorption of bromine 
toluene and xylene in the presence of alcohol and when exposed to the rays of 
uartz mercury arc at 20°C. is retarded, owing to the ability of alcohol to 
nove the hydrogen bromide, which catalyses the reaction, at the same time 

being itself decomposed. Kharasch, White and Mayo 1 believe that in light the 
yield of the side-chain bromination reaction is lowered when oxygen is partly 
excluded. They consider it a chain reaction carried by bromine atoms, the source 
of which may be hydrogen bromide when oxygen or oxygen carriers are present. 
_ Natelson 116 obtained an 85-per cent yield of CgH;CHCICHs based on the 

bromin 

CoH. -+ Br ——> C.Hs + HBr : 
CeHs + Bre ——> C.-HsBr + Br. y 

The first of these requires thermal activation and accounts for the high tempera 
ture coefficient of the photochemical reaction and the lessening of the coefficien 
on dilution. i 

In a sealed tube exposed to light, phenyl fluoride and liquid chlorine reac: 
vigorously, yielding in a day a few crystals, possibly 1-fluoro-1,2,3,4,4',5,6-hepta 

chlorocyclohexane 1°° and an oil which on steam distillation yielded a volatile gj 
CgH;FCl,, and a non-volatile residue, probably a mixture of isomers of this com. 
position. Under similar conditions, phenyl bromide liberated bromine. and hydgo 
gen chloride and formed a chlorobromobenzene hexachloride. Phenyl iodid 
reacted much more slowly; among the products isolated after several weeks wer, 
C,ICl;, p-ClCgH,I and probably 2,4,5-trichloroiodobenzene. 5 

- Toluene. According to Book and Eggert,!°6 toluene, chlorinated by a stream 9 
chlorine at 105° to 110°C., yields almost exclusively benzyl chloride, irrespective 6 
whether the reaction is carried out in light or in darkness, provided a chlorine 
“carrier,” e.g., ferric chloride, is not present. In the presence of such a “carrier, 
however, considerable amounts of o- and p-chlorotoluene are produced. , At —80°¢ 
a photochemical reaction occurs in the absence of a carrier as a result of absorption 
of the orange and light green mercury lines, with a quantum yield of about 25.. The 
initial reaction probably comprises the formation of hydrogen chloride togethet 
with chlorotoluene or benzyl chloride. : | 

The influence of light on the chlorination of toluene has been the subject o} 
several early patents.197 3 

In the laboratory of the senior author,!°8 a number of experiments have been made 
to compare the production of benzyl chloride, benzal chloride and benzotrichloride 
under various conditions. The best results were obtained by passing an excess of 
toluene vapor mixed with chlorine through a transparent quartz tube at variously 
elevated temperatures and exposed to ultraviolet radiations. The product was with 
drawn from the reaction tube and the contents collected and fractionated ; the unuset 
toluene was returned through the reaction tube. In order to determine the effect 

€ il) 
¥ 

0 1Gitts: H. D., and Geiger, G. A., U. S. P. 1,246,739, Nov. 13, 1917; Canadian P. 186,466, Sept. 

ze 0 Selden Co. and Gibbs, H. D., British P. 123,341, Oct. 22, 1927; Chem. Abs., 13, 1478 (1919); 
. J. Soc. Chem. Ind., 38, 268A (1919). 

aie me P.,° U.S. P.1,828;859, Oct. : 27, 1931, to Solvay Process ‘Co.; Chem. Abs.,* 26, 

chlo eet tads O., and Boake, A., [British P. 259,329, July 22, 1925; Chem. Abs., 21, 3370 (1927)] 
chlorinated organic compounds with sulfuryl chloride in the presence of catalysts such as chlorides of 
‘Phosphorus, manganese, arsenic, selenium, antimony, bismuth, molybdenum, and the chlorides of iron, 
peulfur and aluminum. Actinic light may be used. 2 

LeBlanc, M., and Andrich, K., Z. Elektrochem, 20, 543 (1914). 
_ ™*Swensson, T., Z. wiss. Phot., 20, 206 (1921); J. Chem. Soc., 120, II, 291 (1921). 

/*™*Kharasch, M. S., White, P. C., and Mayo, F. R., J. Org. Chem., 3, 33 (1938). 
™*Natelson, S., Ind. Eng. Chem., 25, 1391 (1933). 

104 Rabinowitsch, E., Z. physik. Chem., 19B 190 (193). 

105 yan der Linden, T., Rec. trav. chim., 55, 282 (1936); Chem. Abs., 30, 5192 (1936). 

106 Book, G., and Eggert, J., Z. Elektrochem., 29, 521 (1923); Ber., 59B, 1192 (1926); Chem. Abs. 
18, 668 (1924); See also Bergel, F., Ber., 59B, 153 (1926); Chem. Abs., 20, 1602 (1926). 3 

107 See, e.g., Ransford, R. B., British P. 16,317, July 8, 1914; J.: Soc. Chem. Ind., 1203 (1915) 

108 Ellis, Carleton, U. S. P. 1,202,040, Oct. 24, 1916; for a special form of chlorination chambet 
Ellis, Carleton, U. S. 'P. 1,146,142, July 13, 1915. . 
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Sl eg mn AAO A ara a drt sun-lamp, Eva Under borotable conditions, the decomposition of the sulfochloride 
Mabbott and Turner 7 found chlorination of pure ethylbenzene in diffuseg a. pyde -auence of light and oxygen amounts to over 40 per cent in six hours 

scones ite a mixture of ae B ogee ee er eaeal illuminass et es is pranidalls inhibited in the absence of light or oxygen and a 

Ost ae es ay é ; ae kw vpte mee : be: ma, Sahay 9: De may play a part in the reaction. The presence or absence of moisture 

ive ‘4 oe an af acatie dit yi ND oe ipa on Seeing be two ce .. appreciable influence. The photochemical decomposition of the sulfo- 

yielded a small noe of 4-bromoeth fhenecne and fat grams of a ‘ Sunlig ic ‘; considerable in ethereal solution but only slight in chloroform. In 

benzene. The former product was ie ae in greater vield an +s. ~~ T Omega a and carbon tetrachloride, the reaction does not take place. Other sulfo- 

light, a Ee ae oe dA iborpethythenzene in eeieti sunt ss des of the benzene series behave in a similar manner but to a lesser degree. 

eee oat Ao racacnnaniariiteieene Snt produc “cchmitz and Co.!23 have prepared esters of phenol homologs halogenated in the 

| : ; | chain by treating the esters alone or in suitable solvents, such as carbon 
Intense visible light causes a rapid reaction between cyclopropane and bromi 

vapor. About two per cent of the bromine reacted appears as hydrogen brome 
The main product is BrCH,CH,CH,Br.19 moe " 

For the laboratory-scale preparation of m-xylylchloride by the chlorination 
m-xylene with the production of as little 4-chloro-1,3-dimethylbenzene as Dossiby 
King and Merriam 1° developed a chlorinator made from a 500-cc. distilling 1. 
and a Pyrex tube connected to a reflux condenser. It was illuminated by a 4q 
watt nitrogen-filled lamp while 260 gms. of m-xylene was boiled in the fla 
Chlorine (126 gm.) was passed in at the rate of 40 gms. per hour throyop 
0.5 mm. tube directly into the current of vapor. 17 gms. of m-xylene was foy, 

remaining in the hydrogen chloride absorbers and 305 gms. of product was in ¢ 
flask. As a result of very careful fractionation, 68.79 gms. of m-xylene w 

recovered and 20.20 gms. of 4-chloro-1,3-dimethylbenzene and 190.83 gms 
m~xylyl chloride were obtained. In the presence of oxygen, chlorination y 
extremely slow. | a 

The influence of ultraviolet radiation, in the presence and absence of catalyg 
on the reactivity of halogen bound to a carbon ring, has been investigated 
Rosenmund, Luxat and Tiedemann.121. The comparative inertness of a haloe 
in an aromatic compound is overcome in the presence of copper at 180 to 220! 
At somewhat lower temperatures, the radiation from a quartz mercury-vapor la 
has a decidedly accelerating effect on the reaction 

_achloride, with halogen in the presence of light, especially from a source rich 

‘aitraviolet rays. | 

Jenkins 124 employs a 500-watt tungsten lamp in the conversion of ketones. of 

Zens R’.CH,COR and R.CH,COR’ into g-bromo- derivatives such as 

ICHBrCOR and RCHBrCOR’. Feist 125 finds that p-acetyltoluene in the light 

4 mercury lamp at 100 to 110°C. adds six atoms of chlorine, forming p-trichloro- 

-etyl trichloromethyl benzene. According to Connerade,'*° the chlorination of 

 nethylbenzophenone first at 120°C. and then at 140°C., yields, besides products 

tlorinated in the ring, (ClkCHCgH4).CO, a liquid freezing toa crystalline paste 

+ about 0°C. It is very sensitive to light, which transforms it into a plastic mass. 

According to I. G. Farbenindustrie,’*" 2,5-dimethyl-4-chlorobenzophenone may 

chlorinated by trichlorobenzene at 170-180°C. while being exposed to the action 

4 mercury-vapor lamp to give an w-hexachloro- derivative. 

" Yan der Linden 1°8 has obtained, after chlorination of benzoic acid in sunlight, 

mee and a B-hexachloride, a pentachlorocyclohexene carboxylic acid and a mixture 

yhich, when distilled in steam, yielded the first two of these, the g-isomer, 1,2,4,5- 

etra-, penta- and hexachlorobenzene and pentachlorocyclohexene carboxylic acid.1?9 

found also that benzoyl chloride and chlorine in sunlight slowly gave a mix- 

ture of equal parts of §-1,2,3,4,5,6-hexachlorocyclohexane carboxylchloride and 

8-1,2,3,4,5,6,4’-heptachlorocyclohexane carboxylchloride, a y-isomer of the §-com- 

a | pound, an w-isomer of the B-compound and an oil which, after'treatment with dilute 

ali and steam distillation yielded a little 1,2,4,5,-tetrachlorbenzene, three isomeric 

achlorocyclohexenes, a mixture of CgH,,;COOH and HOC,H,CIg,COOH or of 

C,H;Cl;COOH and C,H;ClgCOOH, the acid of the §-carboxylchloride and 

‘benzoic acid hexachloride. Pe | 3 

Perkin and Stone 1° find that when 2,4-dimethyl benzoyl chloride is brominated 

at 160°C. by the aid of a mercury lamp, the bromo-acid bromide distilling at 

-169-171°C. at 15 mm., consists mainly of 2-bromomethyl 4-methyl benzoylbromide, 

CH,C,H3(CH.Br)COBr, but the fraction 160-180°C. at 15 mm., contains this 

‘substance and 4-bromomethyl 2-methylbenzoyl bromide, CH,BrC,H3;CH3COBr, 

‘in the proportion of about 85 to 15 per cent. When 2,4-dimethylbenzoyl chloride 

is treated with a calculated amount of chlorine for the introduction of three atoms, 

at a temperature rising from 180 to 210°C. and in ultraviolet light, and the 

‘product is distilled, a fraction is obtained boiling 184-186°C. (16 mm.), the 

CIC.H.COOH + KOH —> HOC.H.COOH + KCI ¥ 

in the absence of copper and is still more active in its presence. At 104°C, ¢ 

radiation is still an accelerating agent, but the copper is inactive. a 
According to Olivier,!22 when p-chlorobenzene sulfochloride in ethereal soluti 

is exposed to direct sunlight or to the rays of a Uviol lamp, chlorine is liberat 

and oxidation takes place with the formation of the free sulfonic acid. Vk 

the experiment is carried out by passing dry oxygen through the ethereal soluti 

of the sulfochloride while. exposed to the rays of the lamp, the quantity 

chlorine collected shows a deficit when compared with the equivalent of sulfor 

acid formed; aldehyde and hydrochloric acid are found in the aqueous liquid 

treatment with water. It is probable, therefore, that some of the chlorine rea 

with the ether to form chloroethyl ether, which is subsequently hydrolyzed 
a 

117 Evans, E. B., Mabbott, E. E., and Turner, E. E., J. Chem. Soc., 1159 (1927). ®t 

118 Varma, P. S., Sahay, V., and Subramonium, B. R., J. Indian Chem. Soc., 14, 157 (1937); © 
Abs., 31, 7411 (1937). 

119 Ogg, R. A., Jr., and Priest, W. J., J. Am. Chem. Soc., 60, 217 (1938). 

220 King, H. S., Merriam, M. K., Proc. tian Inst. i, 18, 276 (1933-4); Chem. A 26 Connerade, E., Bull. soc. chim. Belg., 43, 447 (1934); Chem. Abs., 29, 768 (1935). 

29, 6214 (1935). wpgiry eee see ee i : ‘i ; 127 British P. 394,990, June 29, 1933, to I. G. Farbenind. A.-G.; Chem Abs., 28, 176 (1934). 

121 Rosenmund, K. W., Luxat, K., and Tiedemann, W., Ber., 56B, 1950 (1923); Chem. Abs., Mr _ van der Linden, T., Rec. trav. chim., 53, 703, 779 (1934); Chem. Abs., 28, 5425 (1934). 

3837. (1923). 
2 See also for the chlorination of aromatic carboxylic acids in sunlight, Feist, F., German P. 563,129, 

123 Olivier, S. C. J., Rec. trav. chim., 36, 117 (1916); J. Soc. Chem. Ind., 35, 1149 (1916). a May 21, 1930, to I. G. Farbenind. A.-G. 

_ Perkin, W. H., Jr., and Stone, J. F. S., J. Chem. Soc., 127, 2275 (1925). 

_ 2 British P. 3053, Feb. 5, 1914, to Schmitz and Co. 

_ @ Jenkins, S. S., J. Am. Chem. Soc., 56, 682 (1934). | : 
1% Feist, F., Ber., 67B, 938 (1934). 
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solvent. The velocity of the initial stage was proportional to the 
eA > ormet ° ° e ° e ° 

the f £ bromine and increased considerably with increase in concentra- chlorine content of which corresponds to that of the expected w-trj 
antration O dimethyl benzoyl chloride. It was found, however, that this fractj 

reality an almost constant boiling mixture of di- and tetra-chlorinate 

chloro. ) 
on Was | Ter. : 

‘ ) d di il +1) of the - ee . sj) ‘ ° 

benzoyl chloride. When the chlorination was continued in ultraviolet li ia i. The rate of the peanion in chloroform, measured under conditions in which oe 

the increased weight corresponded to the introduction of four atoms of a Unt a reaction 1S negligible, follows the same laws as the photobromination o 

Chlorin, ac d and stilbene.1°8 and the product fractionated, 2,4-di(dichloromethyl) benzoyl chloride, 
192-193°C. (10 mm.) was obtained in good yield. An acid chloride fro 

boiling 188-192°C. (14 mm.) was obtained when chlorine was passed into oan 
methyl benzoyl chloride in the presence of ultraviolet light at 200°C. unm 4! 

3 a mic aci : 2 ° 

7 tetrachloroarsine, RAsX4, was found by Hamilton and King 189 to decompose 

1, RX and AsXs under the influence of ultraviolet light at temperatures of 75 

120° C- At temperatures around 100°C. the orange-colored 4-methyl phenyl- 

boiling — 

increase in weight corresponded to the absorption of five atoms of chloriaall E trachloroarsine suddenly decomposed into p-chlorotoluene and arsenic trichloride 

product contained about equal quantities of the isomeric chlorides, Cc] Ca wey having been exposed to the radiations for about two hours. With continued 

(CHCl,) COCI and CHCl,(CClg) COCI. It was also possible to obtain he a sjorination at the same temperature and in the presence of ultraviolet light, there 

ride of 2,4-di(trichloromethyl) benzoic acid by chlorinating at 220°C. in ultrayal 7. 4 rapid gain in weight, indicating that the p-chlorotoluene was being chlori- 

Reed. Use may be made of the ability of ultraviolet light to break an arsenic-to- 

arbon linkage in determination of the structure of more complex arsenicals. It 

Ss found in the case of p-toluene arsenic acid that chlorine substituted in the 

‘cleus and not in the sidechain. In order to prove the position of the chlorine 

A the ring the arsenic acid was converted into the corresponding tetrachloroarsine, 

the arsenic-to-carbon linkage broken by the action of chlorine under the influence 

of ultraviolet light, and the dichlorotoluene. thus formed was chlorinated and hydro- 

lyzed to yield 2,4-dichlorobenzoic acid. 

light until six chlorine atoms were absorbed. The yield was 70 to 80 per cam 
The bromination of salicyclic acid to the dibromo- derivative occurs slow] 7 

carbon tetrachloride either in daylight or darkness, and more rapidly ip meal 
alcohol; but exposure to daylight or to the light of a mercury-vapor lamp scareail 
accelerates the reaction.131 | | 4 

Austin and Bousquet 18° cause phthalide to react with a rapid flow of chlonam 
in ultraviolet light at 130-140°C. with vigorous agitation, until approximately 97 
atom of chlorine per molecule is absorbed. The chlorination product, on hydrolysig 
with boiling water, followed by cooling, filtering and recrystallizing from benzene 
yields phthaldehydic acid. Similarly, a 5-nitro- acid may be formed from 5-nitro 
phthalide. | 4 

Matthews, Bliss and Elder 1°% have found that styrolene may be prepared fron 
_ B-bromohydrocinnamic acid by the action of steam, by a silent electric dischare 

or by ultraviolet rays. | . q 

In the bromination of stilbene in carbon tetrachloride, the velocity coefficient 

is independent of the concentration of the bromine, but increases as the initia 
concentration of the stilbene increases. The temperature coefficient is 2.6. The 
quantum yield is 305 molecules of stilbene dibromide per absorbed quantum,1%§ 

In direct sunlight or artificial light (but not in darkness in the absence oJ 
peroxidic substances), a solution of isostilbene in benzene is transformed by the 
action of hydrogen bromide into stilbene in about five minutes. The reaction i 

prevented by antioxidants. It cannot be effected by the use of hydrogen chloride.4%4 
According to Ghosh and Basu,1®° the photobromination of ethyl m-nitrobenzyl- 

idene malonate to the dibromide in carbon tetrachloride solution is reversible. The 
equilibrium constant varies with the intensity of the light. A rise in temperature 
causes a slight increase in the concentration of the dibromide. The velocity of the 
direct action is not affected by the concentration of ester, bromine or dibromide. 
With Bhattacharya, these authors187 found an analogous behavior in carbon 
disulfide, but the values for the equilibrium constant were but one-seventh of those 

HALOGENATION OF OTHER TYPES OF COMPOUNDS 

J Ultraviolet light has been suggested as an aid in the preparation of chloro- 

naphthalene.1*° According to Davies and Oxford,!4! 4,1-nitromethyl naphthalene 

and bromine when exposed in a quartz flask to ultraviolet light give a yellow 

monobromo- derivative, melting at 137.5 to 138.5°C. and a very small quantity 

of a tetrabromo- derivative, melting at 189 to 190°C. The bromination of 

naphthalene is a unimolecular reaction having a temperature coefficient of 1.57 

“per ten degrees between 5 and 30°C., according to Kozak and Pazdor.4? The 

yelocity for a given rate of absorption of energy is greatest in blue light. The 

yelocity of photobromination of various methyl and ethyl derivatives of naphtha- 

lene has also a maximum in blue light, but with the bromine substitution reactions 

of these substances, and also of toluene, there is a secondary maximum in the 

yellow range. | 

-1,5-dibenzoyl-2,6-dimethyl, 1,5-di(o-chlorobenzoyl) and 1,5-di(2,5-dichlorben- 
- zoyl)-2,6-dichloronaphthalene are chlorinated at from 160 to 200°C. with a finely 

divided stream of chlorine in the light of a mercury lamp to give the w-hexa- 
chloro- derivative. The products are condensed by treatment with concentrated 
sulfuric acid.148 : wits | 3 : 

Chlorination of 2-methyl-g-naphthoyl chloride at 150 to 170°C. under the 
influence of arc lamp irradiation, and hydrolysis of the resulting product with 

181 Kaufmann, H. P., and Hansen-Schmidy, E., Archiv Pharm., 263, 32 (1925). water and calcium carbonate forms B-naphthylaldehyde-1-carboxylic acid.“ 
182 Austin, P. R., and Bousquet, E. W., U. S. P. 2,047,946, to E. I. du Pont de Nemours & Co; 

Chem. Abs., 30, 6011 (1936); Brit. Chem.. Abs., B, 879 (1937). 
188 Matthews, F. E., Bliss, H. J. W., and Elder, H. M., British P. 16,828, July 22, 1913. _ 
184 Ghosh, J. C., and Purkayastha, R. M., J. Indian Chem. Soc., 2, 261 (1925); 4, 553 (1927); 

Chem. Abs., 20, 1953 (1926); 22, 4379 (1928). See also Kato, S., Bull. Inst. Phys.-Chem. Researel 
(Tokyo), 11, 765 (1932); Chem. Abs., 26, 5260 (1932). Quite different results have been reported 
by Berthoud 188 and coworkers. 

185 Kharasch, M. S., Mansfield, J. V., and Mayo, F. R., J. Am. Chem. Soc., 59, 1155 (1937). ; 

sae cae J. C., and Basu, K. P., J. Indian Chem. Soc., 4, 375 (1927); Brit. Chem. Abs., 1928 
9 e y | 

137 Bhattacharya, S. C., Ghosh, J. C., and Basu, K. P., J. Indian Chem. Soc., 5, 183 (1928)3 
Brit. Chem. Abs., 1928A, II, 757. | 

188 Berthoud, A., and Mosset, M., J. chim. phys., 33, 272 (1936). 

189 Hamilton, C. S., and King, W. N., J. Am. Chem. Soc., 55, 1689 (1933). 

“MOEIlis, C., and McElroy, K. P., U. S. P. 914,251, March 2, 1909; Chem. Abs., 3, 1447 (1909). 
441 Davies, J. S. H., and Oxford, A. E., J. Chem. Soc., 220 (1931). — 
™ Kozak, J., and Pazdor, F., Bull. Akad. Polonaise, A, 477, 489 (1933); Chem. Abs., 28, 4114 (1934). 

“48 British P. 427,327, April 23, 1935, to I. G. Farbenind. A.-G.; Chem. Abs., 29, 5866 (1935). 

19234 33°", F., Schafer, W., and Rosenbach, J., Arch. Pharm., 267, 571 (1929); Brit. Chem. Abs., 
a % ° 
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Tatum and Thomson 145 prepare g-halogenated anthraquinones by halo 
: ~~ : , : cena 
in the sun, or other actinic light, anthraquinone or its halogenated deriva: 
capable of further g-halogenation, in the presence or absence of halogen vat 
solvents or diluents. Thus anthraquinone is chlorinated in oleum in the oul 

of iodine under the action of sunlight, 1,4,5,8- -tetrachloroanthraquinone ei 
obtained. This, treated with phthalimide, Hal hydrolyzed to the tetraar | 

derivative, visite dyes which turn blue. « 
Phenanthrene can be brominated only by a light reaction.146 1 
Terpenes. Cineole, in carbon tetrachloride solution, has been chlorinateg - 

sunlight by Gandini,14" who obtained a mono- and a di-chloro- derivative. Althoy 
light is indispensable for the formation of the mono-chloro- derivative, the react) 
is slower and the yields are lower in ultraviolet light. In later work, 148 there . 
obtained from 100 gms. of cineole, 15 gms. of a mixture of 2-chlorocineole 
3-chlorocineole, 80 gms. of dichloroisomers, 25 gms. of a trichloro- derivati 
and 25 gms. of undistilled residue. A still higher percentage of chlorine led 
more extensive chlorination and to products which could not be separated. Sam 
ration of the dichloroisomers yielded 2,3-dichlorocineole, an oil which slowly "7 
pale yellow on exposure to light. 

Passage of chlorine into cumene containing 15 per cent acetic acid in sunli 
affords p-chlorocumene and 1,3-dichloro-2-phenylpropane, the relative yields depen | 
ing on the light intensity.149 

Pseudocumene can be brominated by mixing with bromine and expositag 
sunlight for about three hours.5° The products formed depend upon the pn; 
of the subsequent heating. If the exposed mixture is heated on a water-bath or 
the monobromide is obtained, but if it is heated to 170°C., a mixture of mor 

_ di- and tribromides results; the relative proportions depend upon the amount 
bromine used. A mixture of 5-bromopseudocumene and bromine exposed to 
light for three hours and heated for three hours gave di- and tri-nuclear sub; 
tuted bromine derivatives in fairly good yields. In Bruylants’s method fot tt 
preparation of trimethylene chlorobromide, allyl chloride is saturated with hyd 
bromic acid in sunlight. Strukov 15 finds the yield 95-97 per cent. | 

In direct sunlight in chloroform, camphane reacts immediately with chlori 
with evolution of hydrogen chloride. The product yields bornyl chloride, whic 
treated in direct sunlight with chlorine in ice-cold carbon tetrachloride, yields | 
mixture of various halogenated derivatives difficult to separate. Gandia 152 
able to obtain 2,3-dichlorocamphane, melting at 126-126.5°C., a trichloro- detil 
tive, melting at 130-2°C., and other unidentified compounds. 

Diphenosuccindan-9, 12. dione in carbon tetrachloride may be brominated 
the light of an arc lamp to the 10-bromo- compound.153 | 

Light has no influence on the chlorination of lignin. 154 On: the other ha 
chlorination of wool is slower in diffused light than in direct light.155 4 

145 Tatum, W. W., and Thomson, R. F., British 'P. 364,141, Sept. 2, 1930; Chem. Abs., 27, 1640 — 
146 Kharasch, M. S., White, P. C., ends Mayo, F. R., J. Org. Chem., 2; 574 (1938). 

147 Gandani, A., Cues. chim. ital., 63, 151 (1933); Chau, Abs., 21,.3707_/(1933). _ 
148 Gandani, A. Gazz. chim. ital., 64, 118 (1934); Chem. Abs., 28, 4723 (1934). _ 
149 Varma, P. S., and Srinivasan, M. K., J. Indian Chem. Soc., 13, 189 (1936); Chem. Abs., 3 

5949 (1936); see also Ovist, W., and Salo, ‘A, Acta Acad. Aboensis, Math. Phys., 8, 4 (1934); Chea 
Abs., 29, 6884 (1935). 
ste armas P. S., and Sen-Gupta, D. N., J. Indian Chem. Soc., 11, 351 (1934); Chem. Abs. “ 

151 Strukov, I., Khim. Farm. Prom., 2, 66 (1933); Brit. Chem. Abs., A, 55 (1934). 
152 Gandini, A. Gazz. chim. ital., 66, 357 (1936); Chem. Abs., 31, 2595 (1937). 
158 Brand, K., Gabél, W., Ott, H., Miiller, K., and Fleischhauer, R., Ber., 69B, 2504 (1936). 
154 Sarkar, P. Bix Fodion Chew. See. 11, 777 (1934); Chem. Abs. 29, 2514 (1935). es 
iy Si, Rebaris Imp. Ind. Research Pie. Osaka, Japan, 15, 11 (1935); Chem, Abs., 29, 44 
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: Chapter 29 

ctions of Fatty Acids. The Preservation of Foods 

a disctissing the effects of light on the production of rancidity in foods, atten- 

f js first directed to the photochemistry of the fatty acids since these, when 

4 nt as esters in fats and oils, are primarily responsible for the changes 

ch occur. : ae 
Tt has been reported that acids with carbon chains longer than Cz, both satu- 

. and unsaturated, become ketonic on exposure to light, atmospheric oxygen 

boring. the reaction.+ The passage of air in the presence of tropical sunlight 

x gh solutions of potassium stearate, palmitate or oleate, according to Palit 

4 Dhar,2 is accompanied by oxidation, which increases with the intensity of the 

Bee Zinc oxide is an effective photosensitizer. | | 

‘The rate of oxygen consumption by undecenic acid, decenic acid, oleic acid 

d olive oil in light is greatly increased by the addition of very dilute solutions 

‘chlorophyll or eosin as sensitizers, the former being ten times as effective as the 

ver, Hlemin does not act as a sensitizer, at least for the oxidation of decenic 

4 undecenic acids. In the case of oleic acid, hydroxyoleic acid is formed. In 

al, there seemed to be no destruction of double bonds in these experiments. 

Taufel and Seuss+ found that the oxygen absorption, peroxide formation and 

ihydrinaldehyde formation in a highly purified sample of oleic acid was affected 

y light in the same manner as by the addition in darkness of such catalysts as 

rrous, ferric or cupric chlorides. Custis ® found the hydrogenation of oleic acid 

unaffected by ultraviolet radiations from an iron arc. A copper-egg white 

lex also catalyzes the oxidation of unsaturated fatty acids; this effect may be 

ased five to ten times by irradiation of the complex.® 

‘Linoleic acid takes up oxygen and forms peroxides by a photochemical chain 

on.? The rate of peroxide formation is independent of the oxygen concen- 

n and temperature and proportional to the concentration of acid and to the 

e root of the light intensity. As steps in the mechanism the following 

tions were suggested (A is linoleic acid and M solvent): 

A+ hv —— A* 

A* a Oz Sore: AO2* 

AO* + A:'——> A* + AQz 

AO* + M ——> M*+ AOz 

M*¥+A-——> M+ A*. 

ee on H., Werner, H., and Gehrke, A., Margarine Ind., 26, 3, 87 (1933); Brit. Chem. Abs. 

 2Palit, C. C., and Dhar, N. R., J. Phys. Chem., 32, 1263 (1928). 
3 Meyer, K., J. Biol. Chem., 103, 597 (1933). Certain porphyrins also inhibit the autoxidation of a 

re of linoleic and linolenic acids in sodium cholate solutions at pH 7.12. The inhibitors may be 

peestt yed by ultraviolet irradiation. Hinsberg, K., and Ammon, R., Z. physiol. Chem., 246, 139 (1937). 

- (Taufel, K., and Seuss, A., Fettchem. Umschau, 41, 107, 131 (1934); Chem. Abs., 29, 370 (1935). 

 5Custis, H. H., J. Frank. Inst., 184, 880 (1917). 
° Kather, E., Arch. exptl. Path. Pharmakol., 184, 645 (1937); Chem. Abs., 32, 8448 (1938). 

,_ Horio, M., Mem. Coll. Eng. Kyoto Imp. Univ., 8, No. 18, 26 (1934); Chem. Abs., 28, 5338 (1934); 

10, M., and Monden, S., J. Soc. Chem. Ind. Japan, 37, 488B (1934); Chem. Abs., 29, 52 (1935); 

10, See Yamashita, S., J. Soc. Chem. Ind. Japan, 37, 392, 416 (1934); Chem. Abs., . 28, 
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REACTIONS OF FATTY -ACIDS 555 554 THE CHEMICAL ACTION OF ULTRAVIOLET Rays 
«13 has called attention to a slight decrease in the surface tension of 

ics oleate solutions after three hours of exposure to light. Mahajan 14 : Paina chemical change which is most marked when ultraviolet light is 

, The effect is at a maximum in soap solutions of 6.25X10-* gm. per cc.15 

Light rays shorter than 4000A are effective, ordinary sunlight having 
suitable wave-lengths for oxidative action. Ss On fe 

These observers also found that in the absence of oxygen the light on ) 
cury arc caused a bleaching of mixtures of aqueous solutions of ‘linoleic all a 
alcoholic solutions of eosin, Victoria Violet or erythrosin (but not Victoria Bh. OILS 
which is non-fluorescent) more rapid than in darkness. The dye is reducaquim y | the acid oxidized. The bleaching of the dye was less rapid when ox a apsorption and Fluorescence. The absorption of oils depends upon that 
bubbled through the solutions. ygen W Ab Bids they contain. In the case of cod-liver and other fish oils the well- 

The rate of bromination of oleic, linoleic and linolenic acids is in inverse Ul Bs absorption bands are due to sites of unsaturation. The highly absorbing 
to the number of double bonds they contain,§ oleic acid acting the most a i E chiained from them by saponification are apparently not, however, straight- 
lenic acid the least rapidly. Under the influence of ultraviolet light the bras 
tion of both the so-called “pure” acids and the mixed fatty acids proceeds f ay 
than in darkness. This was held to indicate the presence of unsaturated ae 
not revealed by the usual analytical methods. a 

As in the case of other unsaturated compounds, stereoisomeric transformatic 
and polymerization reactions occur during irradiation. The former havel il 
relatively little studied; the latter are discussed particularly in the follo 4 
chapter. — | | | ‘i 

Irradiation of “iodostarin” (di-iodide of tariric acid) in chloroform by sunliot 
intial ta light or Osram light, causes its dissociation into tariric acid 
iodine. : 

CHs— (CHz)10* CI=CI+(CHz)«COOH = CHs— (CH2) 10° C=C: (CH) «COOH 

a compounds with conjugated double bonds since their absorption may be 
iced by prolonging the time of the saponification,‘® or by conducting it at 
Ded temperatures.17 During this process cyclization probably occurs with the 

B tion of hydroaromatic polycyclic products. | 
1 Considerable attention has been devoted to the absorption of fish-liver oils in 
‘nection with work on the distribution of vitamins A and D therein. (See 

napter 41.) Sit Yay 45 i 7 
Of the vegetable oils studied, linseed oil shows the greatest absorption, accord- 

‘+ to Harvey,!® who used an actinometric method which did not permit determi- 
ation of the wave-length distribution of the absorption. Lewkowitsch 19 measured 
he absorption of thin films of whale, herring, olive, teaseed and linseed oils. Both 

je animal and vegetable oils gave curves of the same type, absorption gradually 
ncreasing toward the shorter wave-lengths. The feeble absorption bands super- 

sosed upon the more or less general absorption could not, however, be used for the 

: pose of determining individual oils in mixtures. Although Lewkowitsch found — 

ome samples of olive oil indications of a band at 2750A, Lundé, Kringstad and 
Weedon 2° showed that the value of the extinction coefficient at this wave-length 

acterizes various samples of this oil. In virgin olive oil it was 10 to 22, in 
refined pressed oil 35-55 and in refined extracted oil 54-90. Two unrefined extracted 

oils, however, gave values of 80 and 120.71 

The blue fluorescence follows the same trend. Cortese ?* has shown that the 
examination of the fluorescence of various samples of olive oils cannot distinguish 

ral (yellow) from refined oil (blue in general), since the addition of chloro- 
ll or carotene to refined oils imparts, to them the fluorescence characteristic of 
ressed oils. It may be possible to remove this by animal charcoal. Fixed oils 

from damaged fruit behave like refined oils. Fixed oils from olives stored only 
two or three days also fluoresce blue-violet.?% 

At room temperatures, the change is reversible and follows the law of mass actin 
but at higher temperatures there are deviations from this behavior. The equilibriy 
is independent of the strength of the light, but the rates of reaction are direct 
proportional to it. Since it was found that this decomposition is caused by + 
rays absorbed by. the iodine, the photolysis must be regarded as sensitized } 
iodine. 3 a 

_ Ultraviolet light promotes the formation of a diricinoleic acid by the conde 
sation of the hydroxyl group of one molecule of ricinoleic acid with the carbox 
group of another.1° a 

Lederer investigated the effect of small concentrations of metals on the cok 
of a two-to-one mixture of stearic and oleic acids in darkness, after eight hours 
direct sunlight and after two hours of exposure at 40 cm. from an ultraviol 
source. During neither of these exposures did manganese, aluminum, zinc or lez 
produce a color change. The presence of 0.04 per cent. nickel led to a sligh 
yellowing in sunlight but there was no color change after ultraviolet irradiatior 
Samples with 0.04 per cent copper exhibited distinct yellowing, and those cot 
taining iron showed considerable darkening, the effect being more pronounced i 
sunlight than in ultraviolet light. Samples lacking metallic adulteration wet 
scarcely affected. It was concluded that the discoloration of fats after manufac 
ture is primarily dependent upon the presence of traces of iron and copper. 

Triglycerides are said to be hydrolyzed in the presence of water by the actio 

of ultraviolet rays.1? 
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Fluorescence colors excited by ultraviolet light have also been fr 2 otis e€ | bear er the slower the action.2® For quick bleaching a maxt- 
gested as aids in the identification of other fats and oils. Haitinger, joo Su. the ee ah dnd leualiohe te aiended.4 With a flowing sromly dowel 

Reich 24 recorded the fluorescence colors of a number of oils and fats foul “ 4 contac’ es occurs in half the time. The bleaching does not completely — 
the detection of adulterants in butter, cacao butter, lard, olive sil ete, Bull steP® BY rescence observed on exposure of the oil to Wood’s light. Thirty 

said a to give a golden yellow color, but margarine and synthetic fats “a 10) the sure produced but little change in most of the constants, contrary to 
grayish white. It is claimed that 20 per cent of foreign fat may easily be detail BO eyations of others on the effects of ultraviolet. Thus, the acidity was 

te abs in this manner. Solid or molten lards 26 generally give a slight bluish 4 
cence, but no definite conclusions may be drawn from its color as t 4 
of the sample. Applied microscopically, the method may be used for distinow:c 
ing between shell and nib tissue in cocoa.27 The brilliant white luminescenas 
cacao butter in the light of a quartz lamp is, according to Mauersberger 28 ia 
traces of aluminum and calcium soaps formed while in contact with full, a 
during bleaching. It is not characteristic of extracted butter because 
butter similarly treated with fullers’ earth would give it. 

Much attention has been devoted to the property possessed by seeds and q 
of affecting a photographic plate as does light. Stutz, Nelson and Schm od 
believed it due to the evolution of hydrogen peroxide. The effect is 4 “a 
increased by exposure of the oils to light. Since only the unsaturated aca 
lated from the oil, and not the saturated ones, are effective, the phenom 
appears to be associated with the drying of the oil. de Loureiro 2° attributed 4 
effect to the evolution of ozone. The vapor from the oil must be brought in oc 
tact with the photographic plate.3! Ried 32 believed that the effect in various oi 
parallels their ability to form vitamin D on irradiation. This has been much di 
cussed, but at present is regarded as merely an incidental phenomenon. Irradiatioy 
does not affect the electrical conductivity of cod-liver oil.33 : 4 

Photochemical Changes of Various Edible Oils. Wall 24 subjected caca 
oil to the action of ultraviolet rays to destroy its objectionable taste and odor. _ 

The bleaching of palm oil by light may be sensitized by the addition of vat 
dyestuffs added to aqueous emulsions of the oil. Baur and Fabbricotti 25 estimate 
that the quantum yields when various dyes are employed is low, of the order of 

10-8. Exposure of olive oil to ultraviolet radiation for an hour has been foun 
_to cause an increase of more than 5 per cent in the acidity.26 After exposure fo: 

about a week a comparatively rapid air-drying has been observed.37 During 
exposure to ultraviolet, radium or x-rays, the dielectric constant, acid number anc 
iodine number are the constants of olive oil which undergo the greatest change.® 

Sun rays bleach layers of olive oil from 1 mm. to 1000 mm. in thickness 

ood, the iodine number increased from 81.9 to 82.8, the refractive index 

Be fom 1.46588 to 1.46625 and the saponification number decreased from 
aged 191.9. The density increased from 0.9170 to 0.9175. 

0 4 nd 4° observed a more rapid bleaching of vegetable oils in the light of 

Be. mps than in sunlight. Ultraviolet from a quartz mercury arc, however, 

fs 4 instead of bleaching both cottonseed and soybean oils. Crude cottonseed 

- ‘nch in depth, exposed in a. tin tray at 27°C. to the mercury-vapor light, » 
a from 35 yellow, 7.9 red (Lovibond scale) in eight hours to 35 yellow, 
+ A bleached cottonseed oil changed in ten hours from 20 yellow, 2.1 red 

00 yellow, 3.0 orange. 

‘tm the laboratory of the senior author numerous experiments on the bleaching and 

7 herization of various oils by a Cooper-Hewitt quartz mercury arc have.been made. 

Sejes of crude cottonseed oil, linseed oil, crude whale oil (No. 3) and a strongly 

r cenit medium-body lubricating oil were exposed in shallow pans in three- 
” senth inch layers at about eleven inches from the lamp. After three hours the linseed 
4 had a very heavy film, the cottonseed and whale oils slight films but the lubricating 

4 was unaltered. After six hours the cottonseed oil had greatly increased in viscosity, 

". finseed and whale oil had commenced to gelatinize and the lubricating oil had become 

1 tly darker. After 134 hours, the cottonseed oil had gelatinized and was slightly 

ied. The linseed oil had become a stiff jelly and its odor was diminished, but the 

was apparently unchanged. The whale oil was considerably deodorized and slightly 

leached. ‘The lubricating oil had become somewhat darker, but the fluorescence had 

ompletely disappeared. ; 

- With exposures closer to the lamp, the whale oil gave a dark, amber-colored jelly 
with a very faint odor as compared with that of the original oil. Crude cottonseed 
’{ also gave a stiff amber-colored jelly, which was considerably lighter than the original 
yl. The iodine value had fallen to 56. A highly refined cottonseed oil, however, gave 
, jelly which in color and consistency could scarcely be distinguished from that of the 
de oil. The temperature during irradiation was about 110°C. The crude sample 
d slightly during the exposure to ultraviolet but the refined oil did not fume below 
C. and then but slightly. Crude oil polymerizes and gelatinizes more rapidly than 
ed oil. Special experiments in sealed tubes showed that the thickening and 
merization occurs even in the absence of oxygen. In its presence, however, the 
fication of unsaturated fatty oils appears to be due jointly to oxidation and 
erization. In one experiment made at a distance: of but four inches from the 

ree, a layer of cottonseed oil commenced to thicken immediately and at the end of 
een minutes had completely solidified to a very thick jelly. A thicker layer (one 

and a half inches) at four inches from the lamp had become a solid, dark-colored 
jelly after 74 hours. 

Castor oil after 104 hours at three inches gave a product identical in appearance and 
odor with that obtained from cottonseed oil. Red oil (crude oleic acid) fumed slightly 
at 85°C. and copiously at 110°C. A thin surface film appears to protect the under 

er from further action. until it is removed. When completely solidified it is hard with- 
Out any tackiness, black and odorless. A highly refined corn oil gave in 14 hours at 
tour inches a jelly of a very light yellow color, the change occurring very gradually. 
immediately before the viscous mass commences to solidify, a large number of small 
bubbles usually appear below the surface and could be still observed even after the 
ol had become completely solid. In one case a mixture of equal parts of rosin and corn 
oil hecame extremely viscous and somewhat darkened after five hours. The carbonizing 
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cc icons Pn bors ae = rays Bec repeatedly noted. It may be yg Jocities of formation of peroxides during irradiation of tung and castor 

In one case ordinary Seat eed oye Mee pic a ane at ae : ne fs than those in linseed and tsubaki oils. The peroxides of all these oils 

to the action of ultraviolet for three hours at 150°C. It remained liquid 3 and exam ate at low temperatures in ultraviolet rays.°° | 

mack shes hand, = mt which had been exposed until it was Dracticalh: M gua he presence of inert gases, olive, peanut, sesame and colza oils were 

viel ‘ed A ee the same amount of sulfur, on further ena a 4 d by ultraviolet light, but in the presence of oxygen there was an increase 

Oaae oc cuna ce eee etn, ereots stated What vuleantaga triolein, wht a and a decrease in iodine number. The fluorescence changed from 

converted into a solid mass of molecular weight over 7000, insoluble yoke light - deep blue as the oils became decolorized.51 

organic solvents and swelling in benzene. Applications to the making eal ot 
artifi rubber latex for impregnating textiles and i i : l making varnishes have t 

Ellis also observed that an oil which had been hydrogenated to a sien ey eeeste 
an exposure of three hours to ultraviolet light remained unchanged in colon on 

viscosity. , odor 

Early attempts to use ultraviolet light in aiding the reaction of cata] : 
hydrogenation of oils do not seem to have been successful.44 a 

It has been suggested that the presence of unhydrogenated oils in h 
products may be qualitatively detected by taking advantage of the f 
former are darkened and polymerized by ultraviolet light while th 
unaffected. An exposure of several hours is required.45 

Oxidation of Oils. Much attention has recently been devoted 
of the oxidation of oils, particularly in regard to the light it throw 
production of rancidity in foods on storage. Ultraviolet light has a powerful ef 
upon te sacred of cottonseed oil to oxidation.46 This chapel “ea 
according to Greenbank and Holm,47 a a Vien pit ,“" upon reactions occurring prior to the peri 

During the absorption of small quantities of oxygen oxides and peroxides ; 
believed to be formed; these are sometimes termed “moloxides” of the un on j 
acids. They alter the oxidation-reduction potential in a manner which ll a 
followed by the aid of methylene blue or other indicators. The reduction all 
indicator when dissolved in an unsaturated oil is rapid in strong sunli in : 
using a 100-watt Mazda lamp as a constant source, the rate of the chanel in 
color of the indicator, followed photoelectrically, affords an indication f 4 
susceptibility of the oil to undergo the changes which lead to rancidity Hot 
measured the rate of the reaction by determining the concentrations os vera 

formed during ultraviolet irradiation of oils while oxygen was bubbled thea 
them. With linseed oil and linoleic acid the rates were independent of the tin 
of irradiation, proportional to the concentration of acid or oil independeaiia 
temperature and oxygen concentration and proportional to the vacate root of tf 
light intensity. With olive oil, the rate decreased with time to a constant valu 
‘The rate-intensity curve for this oil showed a maximum. Certain substali 
(vanillin, jara-jara, p-nitraniline) accelerate the formation of peroxides in ltt 
violet light but not in darkness in linseed oil.49 Irradiation also accelerates tt 
effects of manganese and lead abietates. A Delore, P., Bull. soc. chim. biol., 11, 74 (1929); Compt. rend. soc. biol., 99, 807 (1928); Chem. 

(23, 724 (1929). See also Zinov’ev, A. A., and Drucker, S. V., Masloboino Zhirovoe Delo, 13, 
2, 6 (1937); Chem. Abs., 31, 7682 (1937). : 42 St | Aa | amberger, P., Rec. trav. chim., 46, 837 (1927); 47, 973 (1928); Knight, B., and Stamberger, ! Chacrabarti, S. N. and Dhar, N. R., Indian J. Med. Research, 17, 430 (1929); Chem. Abs., 24 

ie 1930), p) . °9 ’ ° 9 . . 3 ’ ’ ° oe) 9 J. Chem. Soc., 2794 (1928), 

48 Stamberger, P., and Auer, L., British P. 321,693, 1928: Brit 
44 Walter, H., Scifensieder-Ztg., 442 (1913): ci : Nise hae Cher. Abs. B, 652 (1930). 4 _ %Schmallfuss, H., Werner, H., and Gehrke, A., Fettchem. Umschau, 40, 102 (1933); Chem. Abs. 

f 3 aq 9+ ); cited by Ellis, C., “Hydrogenation of Organic St 7, 3838 (1 » H., » H., e, AL, » 40, 3 , 

stances,” 3rd ed., Van Nostrand, 1930; A mercury-sensitized process has been described by Kar My £1933). 

gunis, G., Praktika Akad. Athenon, 11, 404 (1936); Chem. Abs., 32, 1580 (1938), Kat 

4 Ellis, C., and Wells, A. A., Chem. Engineer, 221 (1918). 
46 Holm, G. E., Greenbank, G. R., and Deysher, E. F., Ind. Eng. Chem., 19, 156 (1927). 
47 Greenbank, G. R., and Holm, G. E., Ind. Eng. Chem. Anal. Ed., 2, 9 (1930). 
ew M., Mem. Coll. Eng. Kyoto Imp. .Univ., 8, No. 1, 8 (1934); Chem. Abs., 28, 5339, 716 

49 Nakamura, M., J. Soc. Chem. Ind. Japan, 40, 205B, (1937); Chem. Abs., 31, 6910 (1937). 

ive, linseed and especially cod-liver oil gain in weight on exposure to air in 

... f light, possibly because of the absorption of oxygen. , Preliminary 

aiqtion of the oils by ultraviolet light for thirty hours enhances the rate during 
ys up to a limit beyond which it is decreased. In comparison with the 

a cod-liver oil behaves as though it had already been irradiated. The forma- 

Bot _ compound with peroxide oxygen (detected by the liberation of iodine 

4 potassium iodide acidified with acetic acid) shows a relation to the time of 

5 ‘ation similar to that of the increase in weight.52 Peroxides are formed in 

:. mustard, cocoanut, Mahua, castor, sesame and linseed oils, butter and some 

nohydrates when air is passed through them during exposure to sunlight. In 
| absence of air, peroxide formation is decreased. All the oil peroxides have 

, ability to oxidize slowly a solution of glucose at 40°C.58 Fats are believed to 

m ketones by Schmallfuss, Werner and Gehrke 54 and saturated and unsaturated 

ids, glycerol, some esters, soap, beeswax, and cholesterol act similarly. The 

cher fatty acids are converted to lower acids, and glycerol yields volatile acids. 

Ten methyl laurate or glycerol were used, positive aldehyde tests could be 

ed.°° | 
Soybean oil is rapidly ketonized by light of wave-lengths under 4100A, several 

nes as rapidly as methyl laurate which is appreciably affected only by rays 

horter than 3300A.°° 

The prolonged action of ultraviolet light on lard destroys the material causing 

iminescence, raises the octoic acid value, and forms the substance responsible for 

he Kreis reaction of rancid fats.57 The increase in octoic acid value may be due 

to pelargonic and azelaic acids formed by oxidation and fission of oleic acid. The 

‘substance responsible for luminescence may be a derivative of oleic acid, or of 

hydroxyoleic acid. | 

" Weak artificial light accelerates the oxidation of beef fat and exposure to direct 

sunlight for a few minutes suffices to produce rancidity.58 The reaction is auto- 

lytic, even brief exposure to light accelerating the subsequent oxidation. In 

at, bleaching of the lipochrome occurs at a comparatively early stage of the 

idation process. At least during the early stages, oxidation in the presence of 

ydrogena, 
act that t 

° latte 

to stud: 
S upon ¢ 

] 80 Nakamura, M., J. Soc. Chem. Ind. Japan, 40, 229, 230 (1937); Chem. Abs., 31, 7682 (1937); 

Schmallfuss, H., Werner, H., and Gehrke, A., Margarine-Ind., 27, 79 (1934); Brit. Chem. Abs. B, 
ees Lampitt, L. H., and Sylvester, N. D., Biochem. J., 30, 2237 (1936); Chem. Abs., 31, 3311 

pyciner, H., Gehrke, A., and Minkowski, R., Margarine-Ind., 27, 93 (1934); Chem. Abs., 29, 7103 

£ Gtossfeld, J., Z. Unters. Lebensm., 55, 376 (1928); Brit. Chem. Abs., 1928B, 824. 
Lea, C. H., Proc. Roy. Soc., B108 175 (1931). 
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light has but little effect on the acidity of the fat. There is a distinc 
between the intensity of the Kreis reaction (a pink color test “with Dp 
and hydrochloric acid in a benzene solution) and the active oxyg 
fat (determined by the liberation. of iodine from potassium iodi 
and chloroform). At low temperatures, however, the content 

d von Fellenberg tests. Davies, however, believed ®° that the preserva- 

¢ Cellophane wrappers depends more upon the depth of color than 

actual color. Deep green, blue, red or dark brown were equally effective 
n the Bac the autoxidation of the fat of biscuit meal in exposures of forty 

prey sunlight. Light green and heliotrope wrappers allowed some oxidation 

t paralle 
hlorogy E 

ae oon 
de in acetic . 
of active Oxi 

xide an 

effect ° 

increases more rapidly in a fat than does its ability to respond to the Kreis v4 MM critly tinted papers were entirely ineffective. Thin vegetable parch- 
The reverse is true in bright sunlight. The different susceptibilities of veal occur 4 t allow active rays to pass, greaseproof paper allowed some to penetrate 
specimens of beef fat to oxidation depends on the chemical nature of the fat 7 + did no 

,eansparent paper had no retarding action. . 

; Be an 7 attacked the conclusions of Greenbank and Holm and of Coe. He 

" Be iudies on potato chips that yellow or red light has little ability to cause 
a Sy the deleterious action being due chiefly to blue and ultraviolet light. 

: did Bot rely, as others had done, upon oxygen uptake or the peroxide test, 
determined the time of exposure required for rancidity to become evident to 

_. and taste. The ratio of this to the time required for the same effects to be 

rather than upon other tissue constituents. . 
Coe °? suggests that under the photosensitizing action of chlorophyll] ata 

hydrogen is liberated. This combines with molecular oxygen to form a 1... 
bound hydrogen peroxide, which unites with the unsaturated bond of the clycer 
and produces the rancid compound. The presence of catalase, therefore, js rail 
to its keeping qualities, Other photosensitizers are assumed to be Present 
animal fats. | 4 

Coe and Leclerc ® observed that on keeping maize or cottonseed oils in da 
ness or in green light, high peroxide values may be attained without the ‘ud 
indications of rancidity being observed. Similar samples exposed to full daylic 
became rancid in the same period. Those kept in the dark do so on subseq ‘a 
exposure to light. Lampitt and Sylvester ®! found the Issoglio test usefyl 
measuring the initial changes which take place. It is said to give a quantita 
measure of these changes before the stage of positive Kreis tests has been reach¢ 
The taste of rancid butter fat produced by irradiation of ether and petroleum ef 
solutions in the presence and absence of air may be the resultant of two differ. 
changes, one due to structural changes in the glycerol portion and the other 
the constituent to which the fat owes its original taste. These changes may oc¢ 
independently.®* The distinction between rancid and tallow-like odors and tas 
has been denied by Horowitz-Vlasova, Kachanova and Tkachev,® since both see 
associated with the formation of various oxidation products such as hydroxysteg 
acid and epihydrinaldehyde. Lipolysis does not occur. Exposure of milk to sy 

light catalyzes the oxidation of the fat.64 Light also increases the peroxide ny 
_ ber of butterfat.®5 P 

Effects of Colors of Protective Wrappers. Discrepancies are apparent 
the reports on the effects of various colors on the deterioriation of oils. Gree a | 
bank and Holm,® Lea 67 and Coe ®8 found green light to be least and orange lig produced in the same lot of chips simultaneously exposed in uncolored transparent 
the most active. Blue light was thought to be somewhat more active than ft lose gave the rancidity-retarding value of the film. Both daylight and a~ 
light. Coe believed that oils protected by opaque or green wrappers showed eneral Electric S-2 sunlamp were used as sources. It was believed that the 
organoleptic rancidity after seven months, although they gave strong Kre neid odor and taste are due to aldehydes of high molecular weight formed by the 

a ation of unsaturated linkages. Tests of several hundred colored transparent 
lose wrappers indicated that their utility in retarding rancidity depended upon 
r transmission of blue and ultraviolet light. (See Figure 120.) Very small 
unts of ultraviolet light had an extremely disproportionate effect. The results 

the earlier observers were ascribed to their failure to take into account the 

Passage of small amounts of ultraviolet light through some of their wrappers. 
The visible color tells nothing regarding the effectiveness of a wrapper. Morgan 

% Ritter, W., and Nussbaumer, T., Schweiz. Milchztg., 64, 59 (1938); Chem. Abs., 32, 7148 (1938 “veloped a yellow transparent sheeting of cellulose, known as Sylphrap RR Old 
66 Greenbank, G. R., and Holm, G. E., Ind. Eng. Chem., 25, 167 (1933). Gold a (from Sylvania Corporation) of high visible transparency and complete 
67 Lea, C. H., J. Soc. Chem. Ind., 52, 146T (1933). a utraviolet opaqueness in the usual 0.001-inch thickness. The only visible light cut 
% Coe, M. R., Siebel Tech. Rev., 9, No. 2, 51 (1934); Science, 75, 585 (1932); Ind. Eng. Chem, e : 

245 (1935); Coe, M. R., and Leclerc, J. A., Cereal Chem., 9, 519 (1932); Chem. Abs., 26, 6030 (1934 
Cereal Chem., 11, 241 (1934); Chem. Abs., 28, 4925 (1934); O1il and Soap, 11, 189 (1934); Brit. Che 
Abs., B, 1018 (1934); Oil and Soap, 12, 231 (1935); Chem. Abs., 29, 8371 (1935); Oil and Soap, 
197 (1936); Chem. Abs., 30, 6587; Oil and Soap, 14, 171 (1937); Chem. Abs., 31, 6494 (1937). _ 7 
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gee hes i general discussion of the chemistry of rancidity, see Russell, E. E., Can. Chem. Met., 
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off is blue and practically all articles and: foodstuffs wrapped in jt ana a of sodium 4! -aminobenzoyl-3-aminopyrene-disulfonate at 50°C. so that 

approximately normal color shades of red, brown, yellow or green. Ppee 
e ure 

Tt part of the foil is covered by the liquid for one minute. 

recommended for protecting flavors. of fruit juices, wines, brandies flan q gross and Callo 8° use a dilute aqueous solution of pine-bark or quebracho 

extracts and perfumes as well as such drugs as phenol, calomel, quinine 4 
° P Sul 

and chloramine-T. It also retards the yellowing of paper and the Sunlight 9. 
of rubber.72: | a 

Wickmann 78 employs a deposit of particles of metal of atomic dimensig 
surface of gelatin or cellulose sheets in a granular non-flaking and non 
layer, giving the appearance of a continuous, lustrous coating. . 

As absorbing agents, Hunter proposes,’* for incorporation in cellulosic y, 
ping paper, diaminobenzophenone and its homologs, derivatives of phenylhydra, 
and aliphatic keto-acids, aminonaphthalenesulfonic or trisulfonic acids, b-hydec 
azobenzene, diphenylaminobenzene, resorcinolazobenzene or cresolbenzene. ry 
absorb over the range 3200 to 4000A, and particularly 3500 to 3700A, Gal 
employs on regenerated cellulose wrappers a coating composition of PYToxyliy 
amyl acetate or other solvent 5-25, a colorless absorber of ultraviolet light, sycp 
esculin, 0.5-5.0, monoethyl ether of ethylene glycol for blending 3-10, a low-how 
solvent, ethyl acetate or acetone, 11-30, castor oil or other plasticizer, 2-5 5, 
and a diluent such as benzene, toluene or naphtha. 

In Germany, there is used for the protection of butter a parchment paper kyo 

as “Ultrament.” This excludes practically all rays between 3540 and 299 
Schlemmer 7® found one sample to show slight transmission at 2640A. It prev 

tallowiness when used at 5°C."" but it cannot prevent that tallowiness which ar 
from the catalytic action of iron which may have been present in the wash w- 
a process in which light is not concerned. It does not affect bacterial erowtt 
butter, so that rancidity may still develop from this cause. f 

Commercial parchment is opaque in the entire ultraviolet and infrared regic 
according to Solechnik.78 The transparency increases, however, after prolon 
exposures to the weather, because of natural bleaching processes. 

Parchment paper may be treated with various pyrene compounds such 
sodium 3,5,8,10-pyrene tetrasulfonate, sodium 3-benzoyl-aminopyrene-p-disulfong 
and the urea of sodium 4’-aminobenzoyl-3-aminopyrene disulfonate.”® In ot 
filters, one part of 3,5-dimethoxypyrene is dissolved in 99 parts of nitrocellul 
lacquer and the solvent évaporated to leave a colorless film insoluble in water, 
film of cellulose hydrate may also be passed through a bath containing 1 per « 

‘n treating transparent papers or films of cellulose derivatives to make 
fT anermeable to ultraviolet rays. | 
wa milk bottles protect skim milk, whole milk or buttermilk against the 
o sunlight in causing burnt flavors, but they do not protect whole milk or 

4 x homogenized whole milk and cream against tallowy flavors.8+ The burnt 
i 

_ predominates in low-fat and the tallowy flavor in high-fat products. Both Ta 

Ns on 

“Crack 
i 

“only occur together in whole milk exposed to the sun. Homogenization of 

pend cream accelerates the development of tallow flavor in sunlight, but retards 

a e to copper catalysis. The burnt flavor may have its source in the protein- 

cn. It seems to be related to the fading of lactoflavin, which is the primary 

of the pleaching of milk in sunlight. This bleaching does not occur in paper 

| Bd 82 helieved the stability of milk could be improved by keeping it in metal 
Be ich had been previously irradiated by ultraviolet rays. He also proposed 

nack butter and cheese in irradiated metal foil and believed the growth of yeast 

4d be influenced by the use of irradiated metal vessels. — 

“Soap bars with traces of iron or copper oxide darken in four days in diffused 

ht and in a few hours in sunlight or ultraviolet light. 8§ Sudden irregular 

arkening and rancidity of soap bars is traced to small quantities of rust or 

oxide from corroded parts of the equipment. 

has been claimed that a bactericidal substance may be obtained by irradiating 

on-saponifiable portion of fatty material until it has an activity such that from 

meg. per cc. of maize oil is fatal to yeast. Such a product may be mixed 

nert oils or with lanolin to form medicinal preparations or may be added to 

smetics or shaving soaps.%* | : 

80 Gerngross, O., and Callo, A., British P. 459,335, Jan. 6, 1937; Chem. Abs., 31, 4021 (1937). 

an, F. J., and Myers, C. H., Milk Dealer, 26, No. 1, 76 (1936); Chem. Abs., 31, 2304 (1937). 

8 Ried, O., Austrian P. 121,243, Sept. 15, 1930; Chem. Abs., 25, 2367 (1931). 

8 Wittka, F., Seifensieder-Zig., 54, 740 (1927); Chem. Abs., 22, 177 (1928). 

& British P. 423,354, Jan. 22, 1935, to Standard Brands; Chem. Abs., 29, 4526 (1935). 

S 

_ 7 Morgan, W. L., U.S. P. 2,043,860, June 9, 1936; Chem. Abs., 30, 5442 (1936); British P. 453, 
Sept. 8, 1936; Chem. Abs., 31, 1113 (1937). Dyes are used incorporated in regenerated cellulose shi 
Joseph, C., U. S. P. 2,038,114, April 21, 1936; Chem. Abs., 30, 3913 (1936); British P. 410; 
May 10, 1934; Chem. Abs., 28, 6312 (1934) uses as the absorbing agent a nonglucosidic coum: 
derivative such as umbelliferone-acetic acid. Esculin, quinine, salol and anthracenes are also § 
gested. All patents to Sylvania Industrial Corp. 

7 Wickmann, P. A., U. S. P. 2,039,372, May 5, 1936, to Sylvania Industrial Corp.; Chem. 4 
30, 4232 (1936). 4 

™ Hunter, A. S., French P. 791,492, Dec. 11, 1935, to Soc. des usines chimiques Rhéne-Poul 
Chem. Abs., 30, 4232 (1936); Hunter, A. S., U. S. P. 2,062,179, Nov. 24, 1936, to E. I. du Pom 
Nemours & Co.; Chem. Abs., 31, 789 (1937); Hunter, A. S., U. S. P. 2,129,131-2, Sept. 6, 1938 
E. I. du Pont de Nemours & Co.; Chem. Abs., 32, 8618 (1938). a 

7 Grant, D. H., U. S. P. 2,058,786, to Stanco, Inc.; Chem. Abs., 31, 187 (1937). 
7 Schlemmer, F., D. Molkerei-Ztg., 56, 185 (1935); Chem. Abs., 29, 2611 (1935); for a de 

discussion of factors affecting the deterioration of butter, see Jensen, J., and Ritter, W., ait, 
758 (1938); Chem. Abs., 32, 7147 (1938). | * 

77 Maier, Fr., Deut. Molkerei-Ztg., 55, 1477 (1934); Chem. Abs., 29, 2611 (1935). 

78 Solechnik, N. Y., Bumazhnaya Prom., 13, No. 8, 24 (1934); Chem. Abs., 29, 1244 (1935). 
also Sommer, H., and Becker, J., Zellstoff u. Papier, 13, 335 (1933); Chem. Abs., 27, 4669 (1933 ' 

7 British P. 457,708, Nov. 30, 1936, to I. G. Farbenind. A.-G.; French P. 804,582, Oct. 27, ! 
Chem. Abs., 31, 3602 (1937); see also Eggert, J., and Wendt, B., German P. 640,908, Jan. 155 
oe tee a urea derivative of sodium p-aminobenzoyl-p-phenylenediamine sulfate; Chem. Abs., 3h: 
1937). ; 
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Mey-rt for linoleic acid and its ester were different. They resembled those of oleic 
polber acids with a slight increase in the intensity of absorption and a displacement 
oto acteristic weak absorption bands in the direction of longer wave-lengths. 
e cha curves for acetic, elaidic, linoleic, eleostearic and stearoleic acids have 
en given by van der Hulst.° It will be recalled that in discussing the absorption 

ntl} be unsaturated open-chain compounds, Smakula had shown the absorption. to 
a a ith the number of conjugated double bonds. 

-¥ ear® saric acid in carbon tetrachloride adds bromine rapidly in the light of a Uviol 
ple Bi three double bonds are saturated." 
p unitt en grams of a-eleostearic acid in 180 gms. of petroleum ether in a freezing 
ui a exposed by Bauer and Rohrback * in a quartz flask to ultraviolet light while 
ure Seine dropwise to the extent of six atoms per molecule. A white solid which 

ag be after several hours, during which there was much evolution of hydrogen 
: had the formula CisHsO2Bre. On debromination with zinc in alcohol, 

L. p-eleostearic acid. An oily by-product of the hexabromide had a bromine con- 
D rween that of penta- and hexa-bromide. When debrominated, it gave an oil 
i “promine content between di- and tri-bromoeleostearic acid.’ Of the three (conju- 
a2 double. bonds usually only two add bromine unless the solution is exposed to 

Chapter 30 

Processes Involving the Polymerization of Oi] S 
Paints and Varnishes 

In discussing the bleaching of oils, it was impossible to avoid mention ofil rated 

polymerization of unsaturated oils. The commercial processes which dea 
largely upon polymerizing and oxidizing effects are complex and are not ag . 
thoroughly understood. In addition, in unsaturated oils there are stereoisome 
transformations at double bonds. A separate treatment of these, and poggi 
other photochemical changes is scarcely possible as yet in a discussion of an x 1 ate Deca brittle 

Pe ee ol Ne ea ec eae ai Gf gram the Soot enor ae the uring drying. 4 seed Oil 8 : 

Tung sil is the most suitable oil for studying the drying process because of ginal oil. . ; 

comparative freedom from mixed glycerides and because of its ability to y; Working with thin films of tung oil on glass slides, Eibner and Rossmann 

purifiable products. It was pointed out by Marcusson? that the white magg ad that exposure to sunlight or for ten minutes to a mercury arc causes a rapid 

melting point 32°C. formed in chinawood oil by ultraviolet light in the absence mation of the crystalline B-eleostearin. Although at room temperatures, this is 

oxygen cannot be a simple product of polymerization since the fatty acids liberg able in the unchanged oil, precipitation occurred if the film was kept at 0°C. 

from it differ from those liberated from the original oil in melting at 71°C. 4} e crystals could be observed microscopically under polarized light. This trans- 

consist chiefly of G-eleostearic acid, an isomer of the g-form present in the origi mation is regarded as the first step in drying. In the absence of light, this 

oil. Tung oil has 90 per cent of g-eleostearic (eleomargaric) acid. According ization did not occur. Oxygen is essential to the change of pure B-eleo- 

the formation of B-eleostearic acid is similar to the type of change discussed 5 acid to the amorphous condition, “filming”; this autoxidation is favored 
viously in connection with cinnamic acid. The formation of 8-eleostearin cay ht and by increase of temperature. The observation that during the con-— 
the film of dried tung oil to lack durability. In addition to this process, the n of this material into a film trom 7 to 10 per cent of oxygen is absorbed 
occurs also the formation of a small amount of an infusible polymerization prod lidated the older theory that drying or film formation was a pure polymeriza- 
of B-eleostearin. This also is analogous to the type of change occurring in ¢ nm process. Examination of the fatty acids recovered from the product -also 
cinnamic acid series. The change may be completed by 48 hours of irradiatic d that considerable oxidation had occurred, Polymerization probably also 
according to Béeseken and Ravenswaay.? | so that film formation is a mixed process, autoxypolymerization. _ Thus, 

| . ng oil containing 8-eleostearin be exposed in a thin film, oxygen is primarily 
ed by the dissolved B-glyceride in the surface layers; the autoxypolymeriza- 
roducts are at first colloidally dispersed and then, by rapid transition to the 
ndition, constitute a first disperse phase leading to film formation. Com- 
ve experiments on the behavior of thin and thick films showed that the 
tion of oxygen continues up to the drying point, and constitutes a principal 

action. Not all of the original g-eleostearin is transformed to the B-form before 
€ autoxypolymerization occurs, for a tung oil kept in darkness for three to four 
veeks dried to a clear film. The greater part is directly autoxidized to a film. 

~ Manecke and Volbert noted‘ that eleostearic acid and its methyl ester have a de 
absorption band at 2650 to 2750A. Dingwall and Thomson® went further in showi 
that two forms can be definitely identified by absorption curves. By studying © 
absorption spectrum of the e-form in alcoholic solution after various periods of meret 
arc irradiation, it was found that during the first two minutes it tended to pass oy 
into the B-form. Continued irradiation, however, caused profound changes. Wher 
15-per cent solution of the @-acid in 90-per cent alcohol was irradiated for two hot 
it was converted into an acid that had the same absorption spectrum (2500 to 2850A) 
the acid obtained from the solid glyceride. The absorption curves obtained by Manec 

1A critical review fe the earlier ig oe nee ee cai ae ees 3 ithe “oxyn acic 

was given by Eibner, A., and Munzert, H., em. Umschan, 34, 89, : 3_ bri. am “Svan der Hulst, L. J. N., Rec. trav. chim., 54, 639 (1935) 
ae t d Industry, 56, | [ay — y ; ssa : pre eee Chem, Abs., 21, 2071 (1927). See also Morrel, R. S., Chemistry and In ‘ Kaufmann, H. P., and Luten-Berg, K., Ber., 62B, 392 (1929). In methyl alcohol, two of the 

. bonds are saturated in darkness within an hour but the third only begins to react after fifteen 
Ber., 59B, 1390 (1926). 

is fishy and Rohrback, E., Chem. Umschau Fette, Waxe, Harze, 35, 53 (1928); Chem. Abs., 

° See also Kaufmann, H. P., Ber., 59, 1395 (1926); Béeseken, J., Rec. trav. chim., 46, 619 (1927). | 
~ Kaufmann, H. P., and Baltes, J., Ber., 69B, 2670 (1936); Chem. Abs., 31, 2032 (1937). 
Be poner, A., and Rossmann, E., Chem. Umschau, 35, 241 (1928); Chem. Abs., 23, 291 (1929); _" “hem. Abs. B, 934 (1928). See also Merz, O., Farbe und Lack, 31, 332, 343 (1926); Chem. 

S71, 184 (1927), 

2Marcusson, J., Z. angew. Chem., 35, 543 (1922); Z. deut. Oel-Fett Ind., 43, 162 (1923). 
8 Béeseken, J., and Ravenswaay, H. J., Rec. trav. chim., 44, 241 (1925). Eibner, A., Meg 

and Munzert, H., Chem. Umschau, 31, 69 (1924); Nonaka, M., J. Chem. Ind. Japan, 24, 1272 el 
Morrell, R. S., J. Chem. Soc., 101, 2082 (1912). Blom, A. V., attributes the change to raa9 (192 
wave-length, Chem. Umschau, Fette Oele Wachse Harze, 36, 229 (1929); Chem. Abs., 23, 633 ‘ 

4Manecke, W., and Volbert, F., Farben-Ztg., 32, 2829, 2887 (1927); Brit. Chem. Abs., By 
(1927). 

5 Dingwall, A., and Thomson, J. C., J. Am. Chem. Soc., 56, 899 (1934). 
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ee from frostiness. When dried in light, but in the dry atmosphere 

acid desiccator, three weeks are required and only the thin films 

y or moist vacuum requires about a year, but 

Beariace :s smooth. There is a loss of 1 to 3 per cent in weight. On opening 

e it es there is an ethereal odor. -Pressed “oils do not solidify even when 

ced for several months to sunlight or to an electric flament lamp. Oil obtained 

* oxtraction with petroleum ether solidifies in from a féw'days to a ‘year in 

ic ness, in a few days to a month in sunlight and in a few hours in the light of a 

ary arc lamp. X-ray diffraction diagrams indicate that the solidified oil has — 

Bec hana NPT CN A of. films of chinawood oil on 

i ere eh the formation of fine cracks while the 
manancot Bet e eevee to the bottom.!2 This contraction 

a lisa gtr page ere ae tne ae cine 
the cracks to ; { easing the volume and fr “Ma 

with the DeGeelde be lve form a double-lipped joint; this foldin tly Pust 

stand in opposition to eae by the g-eleostearin. Certain obser eaten “Oing; 

sa ale is simple theory. @-Eleostearin alone, wh S) howe, 

tion and crack formation and, as previously stated ie: fe 
3 - 

glass revealed q . 
film was still mos 
coincides with the 

apietely #t 
4 yilfuric ot frostiness. Drying in a dr 

dries by a primar idati y oxidation followed b ‘nll real Orm 

to the wrinkli d by polymerization. Li Tm | a 
: ae 

i Hey ae fie clear, non-wrinkled films are eee seems €s3qi stalline structure. In studies by means of the Siedentopt cardioid ultra- 

. dn the light of the quartz lamp, this oil never dries 7 the y “scoPe: McCloskey and France 18 demonstrated a considerable increase in the 

ar ; _ 
d non-acidified linseed 

her of colloidal particles and in the viscosity of tung an 

“1, of irradiation. 
3 

"Linseed Oil. The drying of linse 

ations but cannot be said to be as we 

nt 20 gave data on the effects of lig 

at lower 
rab oe 

. 

if miler momar les is wrinkling without cracking. 7-Eleouta sunlj 

black wood oil samt thar at room temperature. It has also been ob “AT 

have appeared, passin a a network of fine cracks can form after t a i 

iat sulin sh 4 s rough the latter at all angles. Rossmann 13 © Wrink 

ed oxygen (produced by a flame, ultraviolet Liste ee States ; 

ed oil has been the subject of many investi- 

11 understood as is that of tung oil1® Kaut- 

ht on the rate of the bromination of linseed 

alcohol saturated with sodium bromide. 

materials ; 
a na ’ 

ae se? castes during the drying of tung oil, wrinkles w Tadioact i in carbon tetrachloride and in methyl 

id not form in the presence of ionized 7 isa formed, 4 ults, in Table 23 cited by Knauss and Smull,2! are given as the equivalent 

Eg TDS illuminating a :.. b rbed by equal amounts of oil 

It h as recently been suggested that a third form of eleostearic acid 
This is the punicic aci 

| 

: id obtainable also f 
may ey 

ee E sae o trom the seeds of y¢€ 
7 

a ative tay é into ia cpetaerle a
cid.14 5,0 f0@, DOMES ag am Ul 

Table 23.—Bromination of Linseed Oil (Iodine No. 182) 

SO- “+14 ” ; 

bal Paces? lined abet D light-struck tung oils were studied by Gar oe Chet CH,OH and NaBr 

pent ond aot a ie e oils were quickly transformed into a hk a ae was ae, es tal 

ey hen be used for the production of varnish tear lig 2 minutes 152.0 178.1 Cae es 

ade from oils which had not been “ligh arnisies aS Satish mW, “ 151.2 183.0 156.2 161.3 

exposed to sunlight for about six month ight-struck.” Oils which had # 30 a 152.8 190.5 157.4 163.8 

by heating to about 60°C., alth onths could be brought back to a normal d a eet ee 160.7 ee 

sath thn ht Slication pins were ym ings dS 
h 

| stitution had taken place to give these 
lower than those of normal oils. Warmi 
equal vol 

rming samples of the a 

night A alee msi SevecFaniiRAnsp eae, selfHons ee a 
ave heavy deposi ; . Ing Oj 

less onsieor these as B-eleoste a am posits of white crystals. Eibner would dal 

ossmann 1° exposed the d | 
' 

solvent ee f-forms of eleosteari : am 

cit ad as pamient and to the light of the ae Mi Attn ae wie 

iuireaseit...’ The je Peseac ine ogre number decreased and the noleciiaell 

MOSS : in 10dine number determi 
elg 

not indi 
etermined by th 

it Reais eae sisi one double bond, but by the oe of apecial a etno 

hn te y two in some cases. Various t "q 

pee poreh; He joss ofa double bond of each. It is Hee th ee n 

The amount of : ol mi nee conjugated groups may join forming a cal J 4 

lamp could b lymerization which occurs in 144 hours under th ; a 
Léyy It ve gir aniy in a few minutes by heating at 300°C r the Hanau quar 

as also described the micr aes j 

surf . ah Me MUIGCEOBSOREC wrinklin : 3 

.. bis ne De films dried in air and light. The edad fone a a a 
ying of the oil in darkness (six to eight weeks) are nan ae 3 

*No mention is made by Kaufmann as to whether any sub 

igh values. 

: Knauss and Smull determined the rates of substitution and addition w
hen bromine 

was kept with the fatty acids from poppyseed oil, soybean oil, linseed oil and perilla 

oil for one hour in darkness. They then observed increases in these values during 

subsequent exposure in quartz tubes to ultraviolet light during an hour. Similar 

‘observations were made upon oleic, linoleic and linolenic: acids. The mixed fatty 

acids of the different oils all absorbed more bromine when irradiated than in dark- 

ness. This was held to indicate the presence of stereoisomers formed by light and 

‘not determinable by the usual methods of analysis. The possibility of a direct 

action of light upon the bromine does not seem to have been considered, probably 

hecause this effect would have been expected by visible rather than ultraviolet light. 

_ Goldschmidt and Freudenberg 22 found that ultraviolet light failed to cause the 

polymerization of linolenic acid and its esters in vacuo, the process occurring only 

through oxygen bonds. Genthe 23 made early studies of the use of ultraviolet rays 

‘in the drying of linseed oil. It was exposed on. filter paper to an atmosphere of 

“oxygen in a quartz flask. During the first two hours of irradiation the absorption 

3 e 3 7 C, em U: 9 e | 
9 9 e mschau, 35 2 9 , 9 ) 

14 armer, E. H., and van den Heuvel, F. A.; J. Chem. Soc., 1809 (1936) 
15 Gardner, H. A., and P ; A eb arks, H. C., Circular No. 256, Paint Manufacturers Association Dec 

18 McCloskey, K. E., and France, W. G., Ind. Eng. Chem., 27, 160 (1935). 

For a review of early work, see Farbe und Lack, 629 (1926). 

2° Kaufmann, H. P., Z. Untersuch. Lebensm., 51, 3 (1926); Ber., 59, 1390 (1926). 

*°Knauss, C. A., and Smull, J. G., J. Am. Chem. Soc., 49, 2808 (1927). 

22 Goldschmidt, S., and Freudenberg, K., Ber., 67B, 1589 (1984). 

%Genthe, A., Z. angew. Chem., 2090 (1906). ‘ 

16 Rossmann, E Fetichem 40, 9 9 em. Abs., 27, 5057 933 eee «Less . Umschau, 40, 96 | ; » 40, (1933); Chem. 
Lévy, P., Recherches et inventions, 14, 340 (1933); Chem Abe 28 oie cen > LZ “2 J sd 
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of oxygen was slight. In the third hour, it became very rapid, gradually dimin;. 
ing in rate during subsequent hours. No formation of ozone was noted,  ~ 

| In the laboratory of the senior author, samples of linseed oil were found 4,. 
considerably bleached by ultraviolet light ?4 and in the case of the raw oil, 5. 
tically no skin was formed over the top. With boiled oil, a film was fo.) 
in six hours if there was free access of air. In one case in which the oj] \ 
exposed in a thin layer over water, the oil became turbid and apparently q val 
stable emulsion was formed. In another case a sample of raw oii was EXDOge 

Absorption Ci oe/# clear A 

2536 82655 2804 2968 30235 3/3/ 

Wave Length of Light m AU 

Figure 121. Absorption Shown by Several Samples of Commercial Linseed Oils 
(Stutz, Industrial and Engineering Chemistry). 

for seven hours in a closed chamber in an atmosphere of steam. The oil, which 
had been quite dark at the beginning, was bleached to a light straw. color.?? 

Stutz2® found the irradiation of raw linseed oil by ultraviolet in the presence 
of nitrogen to cause a marked decrease in the iodine number. This was confirmed 

by Knauss and Smull, who found that a sample of raw oil with iodine number of 
180 showed only 148 after exposure for eighteen hours in dry carbon dioxide. 
But when this sample of oil was brominated in ultraviolet light for thirty minutes, — 
the total bromine absorbed was equivalent to an iodine number of 190. In the 

24 See also Wirth, K., Farben Ztg., 33, 1852 (1928); Chem. Abs., 22, 4261 (1928). 
2% Ellis, C., and Wells, A. A., Chem. Eng., 116 (1918). 
26 Stutz, G. F. A., Ind. Eng. Chem., 18, 1238 (1926). 

: i 

, FIGURE 2. | Change in Absorption Spectrum Shown by Raw Linseed Oil after Exposure 

An apparatus for oxidizing oils is described by Schofield.?7 
linseed oil, is sprayed through a chamber illuminated by a high-tension electrical | 
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posure of the raw oil in the presence of carbon dioxide, the ultraviolet 
st Teed 4 mutation of the stable isomers to labile forms. In the second expo- 

ays © D hich bromine was used, the action’of the radiation stimulated the addition | 
use a en to the isomers formed in the first irradiation. It is known that labile 

” a react very slowly with halogen and easily with oxygen. This too was 
to be the case, for the oil from the first exposure (iodine number only 148) 

a more rapidly than the raw, unexposed oil. It is apparent, therefore, that the 

| 

out 

4000 

520d 

Absorption C. oelficient ff 

$300 $400 2536 ©655 2809 
Wave-Length of Light 17 

968 3025 3/3 

AU 

to Ultraviolet Light in the Presence of Air (Stutz, Industrial and Engineering 
Chenustry). 

‘ultraviolet rays must have simply stimulated the halogenation. It is unlikely that 
they could in thirty minutes have changed the labile form to the stable form. 

The oil, such as 

discharge. Purified and dried air is also supplied to the chamber, under pressure 
and at a temperature of about 250°C. 

Gardner and Parks 28 found direct sunlight to accelerate the drying of a film 
of raw, unsiccatized linseed oil exposed to the air. There were no differences in 

the drying times in direct sunlight or in sunlight filtered through plain, ground, 

7 Schofield, H., British P. 227,212, Oct. 16, 1923; J. Soc. Chem. Ind., 180 (1925). 
m= Gardner, H. A., and Parks, H. C., Circular 172, U. S. Paint Manuf. Assoc., March, 1923. 
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red, amber, blue or green glass. When, however, diffused daylight was en) 

the following times of drying were noted: Pure unfiltered light, 4 days. a 

glass, 11 days; blue glass, 13 days; darkness, plain glass, ground glass, red a 

or green glass, 14 days. The effect of heavily siccatizing the oil was to cq = 

a diffused daylight. (See Fig. 122.) Practically all the oils studied, includ- 

sa ed, tung, soybean, poppyseed and perilla oils, have high absorption of 

ise ths shorter than those at the limit of the sun’s spectrum. Because the 

a :; 0 nearly complete near the surface, changes occur there only and 
pire ties of the underlying film are less affected. The radiations of sunlight, 

an penetrate more deeply. This difference deserves consideration in 

ing the results of accelerated weathering tests discussed in a subse- 
Z ction. The longer the oil is exposed the more it absorbs and, therefore, 

films under all conditions, including exposure in darkness, to dry in gi, ha 

Previous exposure of a film of raw unsiccatized linseed oil to the ultravioles 4 

of an iron arc for thirty minutes produced a great acceleration in drying, . 

was shown to be independent of the heat resulting from the irradiation, yy, 

the ultraviolet rays were screened through red glass, the accelerating effec | 

I 
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Wave -Length of Light - m AU cure 124, Absorption Shown by Several Samples of Linseed Oil Taken at Intervals 
ring an Air-Blow (Commercial Scale) (Stutz, Industrial and Engineering Chemistry). 

Ficure 123. Absorption Shown by Acids Contained in Linseed Oil and Monoglycet : , 
of Linolenic Acid -(Stutz, Industrial and Engineering Chemistry). ee! 

le greater the effect of light, which is cumulative. Bodying the oil seems merely | 
increase its content of absorbing materials. It cannot be due to an increase 

acid content since the pure acids themselves have a lower absorption (see Fig. 
3) than oil samples containing only 4 or 5 per cent of such acids. The simi- 
ity between the effects of ultraviolet on oil and the absorption changes during 
— blow of linseed oil (Fig. 124) make it probable that the decomposition or 

athering of an oil film is simply a continuation of the drying of the film, the 
he reaction or reactions being involved in both.®° | 

also Becker, J., and Briickersteinkuhl, K., 2. Kinderheilk., 43, 566 (1927). For some obser- 
: Bre Dae ae of light on sunflower oil, see Kozin, N. I., and Fridlyanskaya, F. M., Masloboino 

2° Stutz, G. F. A., Ind. Eng. Chem., 18, 1235 (1926); 19, 897 (1927). x » 12, 529 (1936); Chem. Abs., 31, 5191 (1937). i leet 

Stutz 29 studied the influence of ultraviolet rays on a number of paint oils 

50°C., comparing their physical properties at various intervals. He also meas 

the absorption of the rays by these oils. In general, it increases with the mo 

ular weight and body. The effect of exposure on wet oils is similar to the el 

of heat and air-blowing. A boiled linseed oil absorbs the light almost comple 

at the surface. A raw oil, however, allows the light to penetrate a considera 

distance. (Fig. 121 gives the absorption of several commercial samples.) U# 

dried by exposure to ultraviolet light usually have a lesser absorption than th 
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Eibner and Munzert #1 noted that a linseed oil film in direct sunlight a q 

in weight (after a first sharp increase due to oxidation) and may res offed anid 

the standard test should be made in diffused daylight. Two oils treated witha 

violet light were found to have gelatinized throughout their bodies after stan cl 

darkness for several months, their acetyl numbers rising from the original ee 

2.8 to 60.7 and 71.39, respectively, and their hexabromide numbers dropping * 
the original 51.5 to 13.8 and 9.6, respectively. Their gasoline-insoluble hyd i. 
acids had increased from zero to 42.8. The normally dried films of linseatil 

poppyseed oils were thought to consist of glycerides of oxy-acids, although 4 
could not be substantiated by chemical methods. The oxidized films are conti : 

sation products of the intermediately formed peroxides and are not trye oa 
glycerides. i 

Marling 2? observed that linseed oil films without drier, or with a cobalt dri 

after ultraviolet treatment. Although sunning requires hours, ultraviolet 

S akes only minutes. } | a a | 

« 35 suggests treatment of linseed oil or castor oil with peroxides (¢.g., those 

4 qn, Ce or Na) and by heating at 250 to 300°C. under vacuum to obtain 

which can be vulcanized and used as rubber substitutes. They may be 
oe 5 also in the form of emulsions or as ingredients of varnishes, linoleum 

oye. ys. etc. In some cases, the products are further improved by exposure 

a ict rays or x-rays and by the use of such secondary reagents as 
Biaehyde, phenol, thiocarbanilide, benzidine, etc. | 

eb 

- ments on the oxidation and polymerization of soybean oil were carried out by 

BxPe' After ten days of exposure in air at room temperature, by Fahrion’s 
er 4 ice hydroxy-acids of three grams of oil on ten grams of cotton yarn were found 
NOU, 

on irradiation at 75 cm. from a mercury arc for a sixteen-hour period showeg , in thirty a By wae be ee phen in a termi oo 150° cm the molecular 
i 1 i 1 m a ee oe a. e in ten days Irom to 30, indicating. that polymerization accompanies 

increase in acid value and a decrease in iodine number ta Concentration * The oil became solid and contained 31.8 per cent hydroxy-acids and 63 per cent 
0.015 per cent cobalt, the acid value reached 86 in this period. In an indoor a 

test, 84 days were required for the oil to reach an acid value of 88. “7 

It has recently been observed by Rose and Bolley that 3° unpigmented filmell 
linseed oil, with or without drier, dry and harden when exposed under congt, 
temperature and humidity to ultraviolet light, and then on continued exposyy 

soften again. The percentage of the film insoluble in acetone reached a maximy 
at about the point of maximum hardness and decreased as the film softened agai 

The less saturated linseed oils gave dried films which softened less and were Je 
soluble in acetone. Driers, lead or manganese, delayed and reduced the amoy 
of after-softening. . When pigmented, with white lead, the films became progre 
sively harder and less soluble with no after-softening. The iodine number, whj 

was about the same for the soluble and insoluble portions of the film, decreag, 
during exposure in all cases and was not related to the softening or solubility | 
the films. ; 

Clark and Tschentke §4 made careful studies of the density changes during 
drying of variously treated linseed oil films. For 32 hours of treatment by ¢ 
intense sunlamp (equivalent to about six days of ordinary sunlight) the chang 
in density varies from 2 to 4 per cent, depending on the drier. The highes 

change recorded was the unexpected one of 25.06 per cent for a raw oil film age 
226 days, though the density of this film had increased only 5.03 per cent | 
68 days. This suggests that tests of linseed oil films must be run for a sufficienth 
long period. It also explains how paint films and patent leather may fail rathe 
suddenly after a seemingly satisfactory period during several months. In fl 
presence of driers this increase after periods of 248 days amounts to only 14 ¢ 
15 per cent. — | os . -@ 

Increases in density under ultraviolet light are smaller than in sunning, eve 
though films may assume the same appearance and dryness. Where superposeé 
films are involved, the mechanism of ultraviolet aging differs from that of sut 
ning. After a film has been subjected to sunning or ultraviolet aging and is the 

placed in darkness, the increase in density continues at an increased rate. This] 

4 manganese (5.76 per cent) rosin compound was found to be the most active 

‘et for hastening oxidation. On exposure to ultraviolet at 70°C., oxidation was com- 
te with 5 per cent siccative oils in about ten hours. 

Ynaba, Kitagawa and Sato, and also Shinozaki and Sato,3& exposed alcohol- 
tracted and ‘benzine-extracted pressed soybean oils, both crude and refined, to 
raviolet light for sixty hours. After twenty hours, the alcohol-extracted and 

aned pressed oils were almost water-white, but it took thirty-five hours to decolor- 

e crude pressed oil and benzine-extracted oil. Red colors were more easily 

eached than yellow. The density, relative viscosity and refractive index increased 

ith the time of exposure, sharply after fifty hours. For the first thirty hours the 
cid values remained constant, but after sixty hours they attained four to fifteen 

their original values, reaching 4.5 to 5.5 no matter what they had been at the 
In the alcohol-extracted and refined pressed oils, the iodine numbers began 

fo change after fifteen hours and in the benzine-extracted and crude pressed oils 
fter thirty hours. After these periods, they decreased gradually. Fifty hours of 

osure produced a substance soluble in petroleum ether; this amounted to 10 to 
per cent after sixty hours. After 55 hours, the water-insoluble acids decreased 
2 to 5 per cent and the unsaponifiable matter increased 0.4 per cent. The 
en content of the oils increased 4 to 5 per cent after ten hours. Both 

ginal and treated oils gave a weight increase of 6 to 7 per cent after 33 days. 
e ultraviolet absorption spectra also changed during the treatment, the oils 

becoming more opaque to the ultraviolet and less so to the visible rays.99 

a The carbon-arc greatly accelerates the drying of various oils.  Perilla oil set 
> 

Auer, L., U. S. P._ 1,980,366, Nov. 13, 1935;'Chem. Abs., 29, 254 (1935); see also French P. 652,796, Oct. 4, 1926; Chem. Abs., 23, 3804 (1929). British P. 321,690, 1929. 
® Taverne, N., Z. angew. Chem., 28, (1), 249 (1915). , 

" . Genthe, A., German P. 223,419, Aug. 24, 1907; J. Soc. Chem. Ind., 1168 (1910); Chem. Abs., 4, 
176 (1910). In this, the oil or fat at 70-90°C. is treated with rays from an immersed mercury arc 

air is blown through the hollow arm of a stirrer. It is claimed that 1000 kilos of linseed oil can 
ached with an expenditure of 60 k.w. hours for current, 30 h.p. hours and 1500 cubic meters of 
essed air for stirring. 

naba, T., Kitaga Sato, M., and Shinozaki, Y., and Sato, M., J. Soc. Chem. Ind. 

31 Kibner, A., and Munzert, H., Chem. Umschau Fette, Oele, Waxe und-Harze, 34, 89, 101 (1927 

Chem. Abs., 21, 2071 (1927). | 

32 Marling, P. E., Ind. Eng. Chem., 21, 594 (1929); see also Fukushima, T., Horio, M., and Miki, | a : 

JT. Soc. Chem. Ind. Japan, 35, 142 (1932); Chem. Abs., 26, 3939 (1932). : 37, 372" 374 ren . Tie Po Ee oe 

f > . *) 9 ‘ 

38 Rose, C. H., and Bolley, D. S., Ind. Eng. Chem., 28, 115 (1936). % er f Ss : ; ; ; ; , 
si Clark, G. L., and Tschentke, H.‘L., Ind. Eng. Chem.; 21, 621 (1929). A Mazda lamp soul es st Studies of the influence of air, oxygen, hydrogen peroxide, diffused daylight, direct 

: . ; it a ult ; * : % : 2 ee 

aed by Nicolson, D. G., and Holley, C. E., Jr., [/bid., 30, 563 (1938)], who believe ‘ight destroys lasova, L. M., aie _ as Bag fea Titian Mg ns ae make), Loe passat te 

inhibitor. » t. t, » A. D., 2. . 3 ¢ 
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The effect of ultraviolet light on the darkening of lithopones | 

7? giscussed in Chapter 21. Some application has been made of ultraviolet- 

bed™ duorescence methods in the determination °° of the nature and quality of . 
yced put many variable factors exist and careful control and considerable 
-. are necessary. The method is said to be ‘valueless for estimating the 

5 a Bate of lithopones or zinc white, but natural and precipitated chalks may 
a ished by their appearances in ultraviolet light.6! The presence of 25 per 
Be inc oxide in titanium white changes the violet fluorescence of the latter 

4 Se enish yellow. The admixture of organic coloring matters in mineral pig- 
i can frequently be detected by this method. 

to touch in two hours.#® . Oils such as candlenut, poppyseed, Menhaden an4 | : and 
bean set to touch in four to seven hours. The so-called semi-drying oe 

cottonseed and rubberseed, were found to dry in about 24 hours. G _ 
described apparatus suitable for drying newly painted walls. “Pty 

In drying tests at the Institute of Paint and Varnish Research in Washinot 

there is employed a metal drum revolving in thirty minutes and surroundin = 
pressure quartz mercury arc. In this apparatus perilla and linseed ojjs con 

0.02 per cent of cobalt became solid in 24 hours and tung oil in four hoyrg * 4 
products yield to hot acetone 20, 32 and 16 per cent, respectively, of unpolymers 

products. The polymerized, sponge-like residues, after drying, were tea. 
determine the amount of a petroleum distillate they could absorb, That & 
perilla absorbed 70 per cent, from linseed oil 80 per cent and from tung oil 
per cent of the mineral spirits before the surfaces of the particles appeared y 
These preliminary results indicated the possibility of producing these goliq a 
ucts from oil economically. Tung oil treated with 0.05 per cent sulfur prodi 
a wax-like mass resembling a hydrogenated fat, which might be used in linold 
manufacture. | 

The yellowing of oxidized drying oils cannot be due to the presence or fons 
tion of ketohydroxy- compounds in the film, according to Elm and Stande 
since ketohydroxystearic acid is colorless, although diketostearic acid is yey, 
From their appearances in filtered ultraviolet, the yellowing differs in tung 4 
iinseed oil films.44 | . 

Castor oil exposed to the sun in a thin layer solidifies fairly rapidly.4 Polym | 
ization of pilchard oil by ultraviolet rays shortens the induction period for 
oxidation, and increases the rate of the process and the total amount of oxye 
absorbed.*® a 

The densities, refractive indices and saponification numbers of sunflower-g¢ 

oil samples are gradually increased by ultraviolet irradiation. The acidity increg 
comparatively little, the iodine number drops toward the end of a series of thi 
irradiations (2 to 6 hours) at ten-day intervals. The acetyl number at first rig 
and then drops. The oil is bleached considerably.** ss 

When fully extracted oil of the kernels of Telfairia occidentalis, which conta} 

g-eleostearic acid, is exposed to diffused light for some weeks, very small yie' 
of the B-isomer are formed. The yield is greatly increased by exposure to ultr 

violet rays for some hours.*® 3 
In the oil of the pits of the Brazilian oiticica tree, the chief constituent 

licanic acid (4-oxo-9,10,11,12,13,14-octadecatriene-1-carboxylic acid), which re sent 
bles eleostearic acid in being extraordinarily sensitive to light and air. The thr 
double bonds make possible the existence of eight isomers, of which two a 4 

known. The fresh oil contains g-licanic acid, as glyceride which when illuminat ) 
in the presence of a trace of iodine, gives B-licanic acid.*9 a 

5 ments. 
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Figure 125. Nelson Exposure T ank.” arene 

Kurotaki and. Kobayashi 52.,introduce 5 to. 20 per cent of trivalent nitrogen 
organic compounds without acyl,- alkyl or alkylene groups or their aldehyde con- 
densation products in order to increase the light-fastness of pigments. Among 
the compounds used are g-naphthylamine, phenylenediamine, phenylazobenzene, 
phenylhydrazine and diazoaminobenzene. ; | 

48 Elm, A. C., and Standen, G. W., Ind. Eng. Chem., 24, 1044 (1932). i i The one salutary effect of light on paints is its bleaching action on yellowed 
fs 7 Eibner, bs Paint Varnish Production Mfr., 14, 7, 10, 14, 12, 30, March, 1936; Chem. Al Surfaces. Whereas light of wave-length 3200A or less is required to produce pro- 

45 Sunder, C., Bull. soc. ind. Mulhouse, 102, 353 (1936); Chem. Abs., 30, 7348 (1936). a nounced deterioration of paints and darkening of lithopones, the beneficial bleach- 
46 Denstedt, O. F., and Brocklesby, H. N., J. Biol. Board Can.,.1, No. 6, 487 (1936); Chem. A9 

30, 2784 (1936). ea 

47 Kozin, N. I., and Fridlyanskaya, F. M., Masloboino Zhirovoe Delo, 12, 529 (1936); Chem. 4 

31, 5191 (1937). 
48 Farmer, E. H., and Paice, E. S., J. Chem. Soc., 1630 (1935). 
49 Brown, W. B., and Farmer, E. H., J. Chem. Soc., 1632 (1935). 

401. S. Bureau of Standards Notes, J. Frank. Inst., 206, 694 (1928). 

41 Gardner, H. A., Am. Paint Varnish Mfrs. Assoc. Circ., 335, July (1928), 592; 330, 482 (1 
Chem. Abs., 22, 3539 (1928). 

42 Ind. Eng. Chem., 22, 378 (1930). 

928 
a“ 

~ Kufferath, A., Farbe und Lack, 473 (1935); Grant, J., Oil and Colour Trades J., 85, 1601 (1934); 
viem. Abs., 28, 5997 (1934); Paint Manuf., 7, 340 (1937); Elm’s, J., Rev. gén. mat. plastiques, 14, 
194 (1938); Bandel, G., Angew. Chem., 51, 570 (1938). 
_ * Schoen, M. J., and Rinse, J., Chem. Weekblad, 26, 321 (1929); Brit. Chem. Abs. B, 609 (1929). 
i ee Kurotaki, S., and Kobayashi, C., Japanese P. 110,746, May 13, 1935; Chem. Abs., 30, 2411 (1936). 
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ing action extends to much greater wave-lengths, in fact, up into the y ; oe : z isible E . q th, highly active radiations to produce effects similar to those of the 
trum, according to some qualitative observations ot Pfund.°? On the Other pa 4 ye-lens ve-lengths present in sunlight. Nevertheless, when their limitations 
in the case of nitrocellulose lacquers, the addition of any such Plasticizese™ ager fe. mind, the use of ultraviolet tests may furnish in a short time com- 
dibutylphthalate, tricresyl phosphate, Sipalin AOM and Sipalin MO a Beporne ' 

M in | 
the yellowing of the films on exposure to ultraviolet light, the effect bein orca 
with tricresyl phosphate, next with butylphthalate, next with Sipalin MOMS 

least with Sipalin AOM.54 | . anc 
J 

ee data which may be useful although they may not be in complete agreement 
, he results of prolonged fading tests. 

th t 56 ysed a wooden exposure tank surrounded by an insulated air-space 

i 4 varia 
- (See Figure 125.) A more recent testing tank employs a carbon arc. 
era ; : 

Figure 126. ) : 
5 cycle of exposure for 24 hours to the rays of the arc at a temperature of 50 to 60 C., 

dawed by cooling and exposure to the water spray for another 24 hours at 5 to 10°C. 
allows sen as representing actual service conditions. | Exposures were made at a 

was © OE 28 inches from the source of the rays, investigation proving that the useful 
fistane destructive effect had a wave-length in the neighborhood of 3000A. On an 
rays © comparable results were obtained in as many days in the apparatus as in 
ee ee fer service conditions. The following results were obtained on a series of 
mont i figures referring to the number of days necessary for complete loss of gloss, 

ey ir initial chalking, respectively: 100 per cent lead-free zinc oxide, 14, 16; 100 per 

a t leaded (35 per cent) zinc oxide, 9, 12;.100 per cent light-resistant lithopone, 4, 6; 

100 per cent basic lead carbonate, 3, 5; 100 per cent Titanox, 2, 4; a mixture of 40 per 

Rent zinc oxide, 40 per cent lithopone, 20 per cent whiting, 9, 11. The effect of periodic 

saturation and maintenance of a saturated atmosphere during exposure is to accelerate 

Hoth complete loss of gloss, and initial chalking by 50 per cent. Freezing of a saturated 
fim materially promotes the formation of removable chalk, ’ most probably .due to the 

formation of ice within the film. Neither flaking nor checking was reproduced in any 

of these tests. Cracking, rapidly followed by scaling and peeling, is produced _ by 
periodic exposures to temperatures considerably below freezing point, and is reproducible 
by exposures of equal alternate intervals to radiation, low temperature, and water-spray 
for a period of 100 days, equivalent to 14 to 15 months’ exposure to the weather. Lack _ 
of adherence is a fault more strictly connected with the method of application of the 
paint, but can be brought about by exposure at 50 to 60°C. to the mercury. arc. Of 

commercial paints intended for use as protective coatings for iron, both a 100 per cent 
red-lead paint and a mixture of 85 per cent ferric oxide with 15 per cent. zinc oxide 
‘showed outstanding merit in maintaining gloss and inhibiting the formation, of rust as 
compared with iron oxide paints containing various fillers, and a zinc oxide sublimed 
ead paint also containing a filler. Although a certain light-resistant lithopone main- 
tained its whiteness over a period of three years on exterior exposure, the effect of the 
ultraviolet radiations was to discolor both this product and white lead in a short time. 

Films exposed to ultraviolet rays increase in tensile strength and decrease in 
—extensibility.°’ This effect is less pronounced with films containing zinc oxide, 

_ which is opaque to ultraviolet rays, than with films containing basic carbonate 
white lead, which is more transparent. The hardening and subsequent disin- 
tegration of the surface of a linseed-oil binder through reactions induced by ultra- 

_ violet radiation must be recognized as a fundamental cause for the failure of paints 
Dy chalking. This effect may be reproduced on pigments such as basic. carbonate 
white lead by ultraviolet exposure alone without introducing any temperature or 
moisture variations. - ; 

Verification of the deteriorating effects of ultraviolet light came quickly from 
_ a number of sources. Thus, Wagner °® claimed that the quartz mercury-vapor 

Courtesy National Carbon Co., I nc. 

Ficure 126. Paint and Varnish Test Using Eveready CsA Unit. 

Accelerated Weathering Tests.°® Accelerated weathering tests for paint films 
have been devised by many, and usually involve the use of some ultraviolet light 
source to bring about in a short time the effects of sunlight over a prolonged 

period. It is readily apparent that there should be no reason to expect the short 

58 Pfund, A. H., Proc. Am. Soc. Testing Materials, 23, II, 377 (1923). 

54 Wolff, H., and Rosen, B., Farben Ztg., 34, 2564 (1929); Chem. Abs., 23, 4835 (1929). 

55 A brief account of the historical development of accelerated paint tests has been given by Wurth,” 
K., Farben Ztg., 33, 1470 (1928). For a general discussion of radiation and paint, see New, G. Fa 
Paint Manuf., 6, 145-6; Oil Colour Trades J., 89, 787 (1936), and Masseille, H.,|\ -Pemturesy 
pigments, vernis, 8, 1478 (1931). ) 

6 Nelson, H. A., Proc. Am. Soc. Testing Materials 22, II, 485 (1922). 

Nelson, H. A., and Rundle, G. W., Proc. Am. Soc. Testing Materials, 23, II, 356 (1923); New 
Jersey Zinc Co., Research Bull., March, 1930. 

_. Wagner, H., Farben Ztg., 30, 2991 (1925); Chem. Abs.; 19, 3602 (1925); Farben Ztg., 31, 1023, 
1073 (1926); Z. Angew. Chem., 38, 1191 (1935). - 
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lamp gives the same final bleaching of 14 mineral pigments and 75 ¢ | | ; ns Oal tar a. . Rial | adsorbed water generally increases distensibility. There- 
as es = miki is one-thirtieth of the time, but noted that the tyne nits on Be eicioeations bab’ Actual g be cates Slacé dieing "a fi sel expose 

quality of the vehicle influenced the results. The refractive index of the bil dic i. severe ‘dity but will not be so quickly revealed because of the additional 

ih high bum ; ; rensibility ‘nduced by the adsorbed water. In a subsequent light exposure with 

humidity, the previous weakening of the films shows up because the 

medium should be as near as possible to that of the pigment. In testin 
pigments or dyes, the least favorable medium for determining fastness S Organi fo light | an aqueous glue wash, and the most favorable an oil or concentrated qew. 4, relative cn ; i ar Hee sala ook 
a ee ea extr} Be in the dry condition has a lower distensibility. This influence of humidity 

p Oo sun hours differ. srface h the water resistance of the surface tested. In general, the humidity 
jes wit Pic light exposure chamber should be made to conform to the ratio of high 

tow humidity conditions of the weather simulated. Checking, which was 

4 tly difficult to reproduce in characteristic form, is promoted by the addition 

¥ gen up to 30 or even 100 per cent. In routine testing, 30 per cent is adopted. 

eye perature of the water spray is also of importance. 
Dine month in a suitable weathering cycle should approximate fourteen months 

outdoor exposure, when a suitable addition of oxygen is made. 

- The Bureau of Standards employed ®* a flaming carbon arc. The regular test 

rogram is made up of exposure to ozonized air for three hours, rain for three 

4 urs, light for seventeen hours and inspection one hour. In addition, on three 

4 s each week, the panels are subjected to refrigeration at —23°C. for one hour, 

ne-half hour being subtracted from the periods for exposure to ozone and rain. 

The order of exposures is varied on different days. . : | , 

In a more recent description of the Bureau of Standards method, Hickson and 

Walker © state that the chamber for exposure to light and moisture consists of a 

otating cylinder made of No. 16-gauge galvanized iron 76 cm. in diameter, 38 cm. 

sigh, open at both ends with the light-source suspended in the center. This size 

was selected to bring the light as near the panels as possible, at the same time 

avoiding too high temperatures. The cylinder has a capacity for sixty 7.515 

cm. panels. These are placed in two tiers immediately opposite the light inside 

the cylinder, the panels thus being 38 cm. from the center of the light source. This 

gives a temperature of about 50 to 55°C. at the panels with the type of lamps 

used. Thirty slotted holders 7.5 cm. wide and about 35 cm. long for the panels 

are attached to the open surface of the open cylinder. A pan placed about 5 cm. 

helow the bottom of the light cylinder contains water and serves to keep the tem- 

perature next to the panels down to about 52°C. as well as to humidify the air. 

To duplicate sunlight reasonably, an enclosed type carbon arc light operated at 

220 volts d.c. and 13 amps. is employed. On each renewal of the carbons, the glass 

globe (opaque to wave-lengths less than 3200A) should be cleaned. To simulate 

a hot, humid climate, a fixed water spray is mounted in the tank in such a manner 

that it may function while the lights are operating. The light cylinders rotate 

slowly at three revolutions per hour. An ammonia coil about 27 x 47x40 cm. in 

an insulated chamber that can be cooled to —25°C. is used to chill the panels 

quickly. On removal from the light chamber, the test panels are placed in racks 

and the rack and samples are placed in the refrigerator, left there for one hour 

and then removed.66 __ 

widely for different pigments. 
Discrepancies between the results of accelerated tests and outdoor expo ‘ 

gradually became apparent. Gardner and Parks ®® believed that, regardless = 
whether the accelerated test wheel would determine how a coating will weal 4 
exterior exposure, it is of great value in securing quick data in regard to a 

comparative aging of experimental coatings. Furthermore, as Dean pointed onl 

the results of outdoor exposure tests are subject to factors difficult to control, guj 
as climate, temperature range and the rate of its variation, rainfall, humid 
wind, abrasive dusts and various gaseous contaminants of the air. This account 
for the effort spent by many workers in developing the better controlled accelepail : 
testing methods. 7 

Nelson and Schmutz & balanced the weathering factors used in their tests 4 
approximate at least roughly the order and relative magnitude of these factors a, 
they appear in average outdoor weathering conditions. The weathering of a paint 
varnish or lacquer surface may be considered a process of (1) rendering the fijp 
indistensible or (2) bringing about internal strains due to shrinkage, or both, a. 
then of (3) revealing these weaknesses by the breaking up of the surface. Th 
first of these usually involves oxidation, condensation and chemical decompositiog 
The second is usually due to temperature changes, which, in an indistensible filg : 
can be compensated for only by cracking and peeling.® I 

The apparatus of Nelson and Schmutz ® consisted of a circular exposure tanl 
four feet in diameter and sixteen inches in height with the destructive light soure 
at the hub. A water spray, a silica gel dehydrator, and heating and cooling coils 
were included in an air-circulating system. Gas inlets and outlets for the intro. 

duction of oxygen and ozone when desired were provided. Refrigeration ane 
water spray exposures were carried out in separate units, although it was alsc 
possible to use the water spray in the light exposure chamber.. As a source, the 
flaming arc of the Atlas Electric Devices Co. Fade-Ometer was preferred to the 
quartz mercury arc since its spectrum more closely resembles that of the sun 

It has approximately 34 per cent of its intensity below 4100A but none below 

3100A. In comparative tests employing the mercury arc and the treated carbor 

arc in similar cycles, panels with three coats of a house paint lost 76 per cent if 

eloss and chalked badly with the mercury arc; they lost only 13 per cent in gloss 

and did not chalk with the carbon arc. The temperature should be 140°F. and 

certainly not higher than 160°F. Although light exposures accompanied by high 

humidity might be expected to show great destruction, most failures such as 

chalking and checking, were noted during light exposures at low humidity whet 

civen immediately after high humidity exposures. From stress-strain measur _ In a method employed in Germany by Schulz the paints are applied to iron plates 
and allowed to dry for at least three days, then matured for 24 hours at 80°C. The 
Subsequent treatment consists of six repetitions of the following cycle: hanging in dis- 59 Gardn _ A., and Parks, H. C., Paint Mfrs. Assoc., U. S. Circular 232, 248 (1925); Chem u 

tilled water at 20°C., exposure to ultraviolet light while moist and again when dried, 
er, H 

Abs., 19, 2560 (1925). 

- 60 Dean, H., Chemicals (Oct. 25, 7, 1926). | 

61 Nelson, H. A., and Schmutz, F. C., Ind. Eng. Chem., 18, 1222 (1926). = 

62 Frosion is rarely considered. See Nelson, H. A., and Werthan, S., Ind. Eng. Chem., 18, 9°: 

(1926). af 

68 Nelson, H. A., and Schmutz, F. C., Proc. Am, Soc. Testing Materials, 26, II, 563 (1926); Nel 

son, H. A., Schmutz, F. C., and Gamble, D. L:, Ibid., 26, II, 1 (1926). 

a", News Bull., Bureau of Standards, Sept. 4, 1927; Walker, P. H., International Congress 
Bests, aterials, II, 603, 1927; Chem. Abs., 23, 997 (1929). 
,. ickson, E. F., and Walker, P. H., Ind. Eng. Chem., 20, 591 (1928). 

Note also Davidson, J. G., and Reid, E. W., Ind. Eng. Chem., 20, 199 (1928). 
: Bios Ps M., Farben Ztg., 31, 2879 (1926); Brit. Chem. Abs., B, 924 (1926); Farben Zig., 32, 
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re-immersion in distilled water, enclosure in a damp atmosphere contain 
a) 

rd and Hart 76 compared the outdoor weathering of a number of coating 
° : e e cae i L Ee ° 

dioxide, further exposure to ultraviolet light under damp conditions, and then al Carb ihe with that produced by (1) a pair of 13-amp. enclosed carbon arcs, 
enclosure in an. atmosphere containing sulfur dioxide, exposure to damp air 50° terials 

; at 3m 
traviolet an I 

: : agreem aa 
two-year exposure to the atmosphere, in that the iron plates showed increasing wit 

40°C.,. with interpolated periods at —5°C., and renewed action of ul 
te 50-amp- flaming carbon are with Sunshine carbons, (3) a similar one with 
ae = 

© ow . . . - a a 

was claimed that the results on zinc oxide-lithopone paints showed C carbons and (4) a low-pressure mercury in quartz arc. Typical 
Be etitic ‘ ; apeut failures were obtained with the first and second sources, the latter 

with the increase in proportion of lithopone to zinc oxide in the protectins patel Tustir ae three times faster than the former. Failure by chalking predomi- 
In a rapid-testing apparatus described by Blom,® two parallel chains ar a 4 me we third and fourth even in materials which out-of-doors failed b 

on tiers of cog-wheels two meters apart so as to carry between them fifty ‘ mounte red with the 8 ; : : 
10X20 cm. The chains travel at 20 cm. per minute and carry the sheets throne Shee; ocking: an combination of sources might be used to produce both checking an 
heating chambers and one freezing box. Sprays are fitted between the chai eile thre sl ing The operating costs are approximately 22, 21, 21 and 8.5-13 cents per 

et pene ie Na Alles ite COLLAR YE. gases E tested a strips are also subai or the four sources, exclusive of capital investment. 
oO bOotTN ultraviolet light and the light Irom a jsollux ; i ; ‘te yut ; : ; oe _ 

is only five days. Another Germad test machine desctibed by Ritter * io cae ‘cate There has ae pete Betieral Se Put: Beopuity o Eda accelerdted 
results in from 32 to 60 hours. An accelerated test has been patented by Did to gin ahods. Grunder and Shepherd “ believed them useful in comparing colors of 
and Kelvin, Bottomley and Baird, Ltd.” and others have been described by Wall = same basic type. The need for more refined methods for detecting failures has 
and by Vila.” equently been emphasized." 

Inconsistencies between the results obtained by the ultraviolet methods an ~The accelerated tests have the advantage of rapidity, constancy of results and 

outside exposures have led to renewed study of the effects of various light soy “a eady adaptability to simulate peculiar exposure conditions.” Nettmann,8° who 
Zeidler and Toldte 7? exposed eleven paints with various lead pigments on a _ comewhat more critical of their value, attempted a theoretical discussion of the 
panels to: radiations from the sifean,arc light, a mercury arc.and.a Nitra i Bihe of paints on the basis of accumulation of potential energy in the films being 

in some cases with ‘a previous exposure to the action of hydrogen sulfide, Th, sponsible for changes in their inner structure. Nauroy ®! pointed out that no 

relative effects of the various, sources on different paints were not uniform, ‘ecelerated aging test could give the paint user an absolute or even a comparative 
general, the mercury arc effected the greatest degree of fading of the discoloratios 3 asure of the value of a product submitted to him. Nevertheless, such tests can 

produced by hydrogen sulfide. | ‘ be of considerable value to the manufacturer for rapid control of the effects of 

Schmutz and Gamble 74 investigated the effects of six impregnated carbon aq: 4 ‘ations in formulas. Williams ** exposed panels of various yellow and green 
of known spectral energy distribution, the untreated carbon are and the mercury : ts to ultraviolet light for 150 hours at 16 inches from the light. Warm air 

on lithopones in nitrocellulose lacquers. Intensification of the infrared and visit at 34°C. was continuously circulated around the panels. Failure was a darkening, 

ranges had but little influence on the results. One sample was unaffected by inten probably the result of a reaction between paint and vehicle. Very pronounced 

sification between 3200 and 4200A. Two others were equally affected, although ram chalking resulted but no great difference was apparent between panels of the same 
between 3000 and 3200A brought out a difference between them, and caused sont group. Gardner made some studies ®* of the water-soluble material produced by 

effect on a third sample unaffected by the longer rays. With radiations beloy the action of weathering and ultraviolet light on-various paints. 
3000A, the darkening was the same in the sample not affected at the longer wave  Sieplein 8* plotted the duration, intensity and fluctuational characteristics of 
lengths and in only one of the two which: had been equally affected by the longa” outdoor ultraviolet radiation effective in exposure tests from astronomical and 

rays. All samples showed up poorly. It is evident that specific wave-length meteorological data for Miami and for a point representative of the eastern indus- 

exert specific effects on various samples of the same type of pigment. Wher ‘trial region of the northern United States. Gardner 85 notes that paint films pre- 

wave-lengths shorter than 2500A are employed, the differences between sample: pared indoors and stored in confined spaces often develop a mottled appearance 
become less marked. ¥ when later exposed out of doors to the action of the sun. 

The chief difficulty in the use of the carbon arc is due to the heat generated _ The literature of the behavior of white pigments toward ultraviolet light has 

elaborate cooling systems being required for its use in closed systems. Prelim: J 7 ee 3 hoes. 4 _ %Sward, G. G., and Hart, L. P., Am. Paint ish . Circular 375, 53 (1931); Chem. 
inary experiments indicated that the suitability of the mercury arc for this work  Abs., 2, 1108 (1931). NT, REE HET Gore SMe ie ae sie 
could be. increased by the employment of filters of Corning glasses.7 Vitrified -  ™Grunder, A., and Shepherd, R. S., Paints, Oils Chem. Rev., 6, No. 6, 8, 25 (1928); Chem. Abs., 

2, 3538 (1928). 
__ ®Kempf, R., Farben Zig., 33, 2359 (1928); Brit. Chem. Abs., B, 578 (1928); Walker, P. H., and 
a * . ° 
_ Hickson, E. F., Ind. Eng. Chem., 20, 591 (1928). Toldte, W., advocated the use of the Pulfrich step- 
ee sss, and the Ostwald color system for reporting the effect of light on paints, Farben Ztg., 39, 

_ ®Eibrier, A., Farben Ztg., 34, 322 (1928); Brit. Chem. Abs. B, 63 (1929). 
_ * Nettmann, P., Farben Ztg., 34, 2181 (1929); Brit. Chem, Abs., B, 609 (1929); Farbe und Lack, 
— 77, (1931); Chem. Abs., 25, 2009 (1931). 

quartz burners were believed to have the advantage of not completely transmitti ig 
the far ultraviolet and of being more rugged than fused quartz. : 

68 Blom, A. V., Chem. Fabr., 102 (1928) ; Chem. Abs., 22, 3789 (1928). 

69 Ritter, E., Kali, 23, 10, 26 (1929); Chem. Abs., 23, 2048 (1929). ’ 

7 Digby, W. P., K F. A., and Kelvin, Bottomley and Baird, Ltd., British P. 429,792, June 6, +5 SIDS, 
1935; Chem. Abs., 29, 7100 (1935). i ie j i J : 

3 Nauroy, A., Chimie et industrie, Special No. 683 (March, 1932); Chem. Abs., 26, 368% (1932). TW : : i ’ ’ , ’ ’ 2 ’ 
- alter, P., Bull. SOE, i ind. natl., 134, ZS (1935): Chem. Abs., 29, 5287 (1935). . 82 Williams, T. saa Am. Paint Varnish Mfrs. Assoc. Sci. Section, Circular 341, 879 (1928); Chem. 

Vila, A., Recherches et inventions, 16, 26, 349 (1935); Chem. Abs., 29, 6441 (1935). . meaus., 23, 5334 (1929). - : 
3 Zeidler, G., and Toldte, W., Farben Ztg., 33, 1507, 2607 (1928); Chem. Abs., 23, 3585 (1929); _ _ Gardner, H. A., Am. Paint Varnish Mfrs. Assoc. Circ. 313, 368 (1927); “Physical and Chemical 

Farben Ztg., 34, 1547 (1929); Brit. Chem. Abs., B, 365 (1929). Examination of Paints, Varnishes and ee 4th oda 183, 308, 1897, a i 
7 Schmutz, F. C., and Gamble, D. L., Ind.-Eng. Chem., Anal. Ed., 1, 83 (1929); see also Gardnef 8 Sieplei Pai ; A , No. 4 1, (1934); Brit. 

H. A., and Sward, G. G.,Am. Paint Varnish Mfrs. Assoc., Circular 358, 64 1930; Brit. Chem. Abs., B Chem. as ee ee ee ae pet 
cae ‘ eel Nelson, H. A., First Communications, New International Assoc. Testing Materials, ZurieM ey be 85 

Ab 
%® See also Becker, E., Farben Ztg., 33, 2232 (1928); Chem. Abs., 23, 1290 (1929). 

Gardner, H. A., Natl. Paint Varnish Lacquer Mfrs. Assoc. Circular No. 455, 66 (1934); Chem. 
A S., 28, 3251 (1934). He describes an outdoor water-wheel test rack. Natl. Paint Varnish Lacquer 
_ “880C., Sci. Section, Circular 534, 177 (1937); Chem. Abs., 32, 3639 (1938). 
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O° 1 surements been reviewed by van Hoek.8° Wagner 87 states that the inferiority of the a or was developed and the degree of inva Spar mE aa ‘ohich 
paints to those made from barium or calcium sulfates is not due to their ia che F t0 wand color photometer, and calculate ins é ss ees a sates 

ability to ultraviolet light, which is about equal to that of paints with barytelll me osed paper 1s taken as zero and the comple i Pps f aie eal 

other white bases, but appears to be due to the flocculated condition of the I a ci The values in per a sy ane harea at ; jel a ee 

articles in the prepared paint, to the fineness of the particles, t “na ae lowing pigments (all in the same v p prep Pp s particles, to their sof; texty, ining Sonate white lead, 42, 4, 54; zinc oxide, 0, 0, 100; basic sulfate white 
to the high oil content of the paint and to its great tendency to swell. The al ; Atasas nk : Basic © a ; 0,99 5180p discoloration of titanium white paint is ascribed by Zhukova and Sovyaj 0 97: Titanox, 16, 0, 84; lithapone, 26, i o Tae oS i fn Stata a 
to the instability of the titanium dioxide-linseed oil system because of poor val i 0, 99; lamp black, 2, 9, 98, Fur ther ‘ ee and reflection 
bility of the oxide by the oil. By using an oxide ignited at 800°C. insteag i: 03 powever, finds it impossible to predict bac e tt e a et an 
600°C., the discoloration in darkness is greatly retarded and that in ultras 2 ents of pone their ae i the oe eNotes to aluminum paints : : ‘ .a'% cae abet - Ol nC) ore , n general, white paints ar = light is practically eliminated. Soaps have a similar effect by forming pigmen syjolet radiation om a cooling. pawer, . Wagner and Pabst 94 find even thick 
enveloping aggregates which prompt the dispersion of the oxide in the mediy 

It is difficult to increase the fastness of chromes without adversely affectiy 
the desirable properties of greening power or tinctorial strength and brightnesg ; 
shade.89 a 

To understand the susceptibility of various paint films to ultraviolet light, i¢- 
necessary to know something of the absorption of the harmful radiations b 2 
pigments, since if they are so absorbed, there will be less energy to be absorhe 
by the oxidized oil film and less resulting deterioration of the film. At the sai 
time, it is also desirable to know the relative abilities of various pigments, fille; 
and paint films themselves to reflect ultraviolet light. This is of some importane 
in the development of special paints for covering walls of rooms in which dual 
purpose lighting is used. a 

Piund °° estimated the coefficients of diffused reflection from dry pigment sy 
faces by calculation from photographic records obtained by allowing the fio} 
reflected by a pigment surface from a small quartz mercury arc to enter the slit of 
small concave grating spectrograph. When light falls on a thick layer of fin 
particles it penetrates a large number of particles before being returned, so th 
the reflection coefficients give roughly qualitative results for the opacities of th 
pigments examined. Zinc oxide became practically opaque near 3600A; bas} 
carbonate white lead was by far the most transparent pigment examined. “Titanox, 
Timonox, lithopone, and sublimed white lead fell between these limits. Powdere 
sulfur is very opaque. Fused magnesia has constant reflecting power throughou 
the ultraviolet spectrum. “In general, sulfur and zinc oxide are the most effectiy 
pigments in removing radiations harmful to the film. The inerts are the leas 
effective. From studies of mixtures with a volume ratio of pigment to vehicle o 
1:60 in films 0.065 mm. thickness, determinations of the decreased transmissiot 
due to pigment placed the transparencies of the pigments in the same relativ 
positions as the determination of the diffused reflection coefficients. The trans 
mission of the inert pigments is very high and is nearly non-selective. 

Hallett ®4 attacked the same problem in a somewhat different manner. Th 
light from a quartz mercury lamp, after passing through a suitable glass filter te 
remove practically all the visible spectrum, passed through a quartz lens onto the 
painted surface from which it was either reflected or transmitted to sensitized papet 

\- 4 li ht a . . . 

-. Be tead highly translucent to visible and ultraviolet light. Red lead is 

y arent in thin but not in thicker layers. The addition of 50 per cent 

Bt? es the translucency about 20 per cent. Finely dispersed hammerscale 

te ction scale renders films opaque. Zinc white, so-called molybdate red 

ead a oxide with zinc white or zinc chromate impart ultraviolet opacity. 

d, and ‘ ibility exists that a pigment which absorbs energy may become excited 

a may then pass over some of this energy of excitation to the film com- 

reby Be odeve 95 states that zinc and titanium oxides, which exhibit a steep 

* a flecting power at 3850 and 4000A, may serve as sources of photoactivation 

‘dation of oil vehicles or for the bleaching of adsorbed dyestutts. He 

Beever, that zinc oxide does not cause the oxidation of linseed oil, although 

sium oxide does. The reduction of chalking by zinc oxide is a specific effect, 

, ied to internal filter action. Goodeve has also given the diffuse reflecting 

oe of other materials such as lead carbonate, barium sulfate, magnesium car- 

”* ica. 
se ond Holladay %* state that casein and nitrocellulose lacquer ‘ih es 

sed as binders for ultraviolet reflecting paints, and that these should preferably 

ontain a large proportion of magnesia, magnesium carbonate, alumina, ba a koe 

sre of these. Moderate amounts of silica, calcium carbonate, china c os i 

shestine may be added without greatly reducing the reflecting power, which 1s 

shout 5 to 65 per cent. 

ine a luminous paints is proposed by Risler 97 A surface i an a 

ninous paint containing a phosphorescent sulfide is rendered ee y nee 

by subjecting it to the rays of the spectrum ranging from blue to u ict 

) obtain the rays, a vacuum tube activated by high-frequency currents and 

ith gas, such as nitrogen, argon or air, is preferably used. Ina oy eee i 

process,28 a vacuum tube with or without electrodes and filled with rarefie 

such as argon, nitrogen or air is coated internally or externally with a serreetce 

int containing a phosphorescent sulfide, or having the sulfide incorporated in the 

s of the tube, whereby a continuous luminous effect 1s obtained. The sulfides 

may be mixed with a varnish and the luminous coating is preferably covered with 

an impermeable and fireproof coating comprising cellulose acetate, alcohol, tri- 
a 

: 

acetin, acetone and tetrachloroethane (see also Chapter 8). 

Stutz, G. F. A., J. Frank. Inst., 200, 87 (1925); 202, 89 (1926); Ind. Eng. Chemis 1 eee 
“® New, G. F.. J. Oil and Colour Chem. Assoc., 19, 156 (1936); Chem, Abs., 30, 8652 a a rea7ys 

_™ Wagner, H., and Pabst, E., Farben Ztg., 42, 664, 691 (1937); Chem. Abs., 31, ; 
pve. Farben Zitg., 43, 39 (1938); Chem. pede oa (1938). 
® Goodeve, C. F., T . Faraday Soc., 33, 340 /). 
““Luckiesh, M., and Holladay, L. L., J. Frank. Inst., 212, 787 (1931); Chem. Abs., 26, 5218 (1932). 
*Risler, J., British P. 207,786, 1923. 
“*Risler, J., British P. 208,723, Dec. 20, 1923. 

86 van Hoek, C. T., Farben Ztg., 34, 833, 895, 954, 1006 (1929); Brit. Chem. Abs., B, 180 (1929) 

87 Wagner, H., Farben Zig., 34, 2011 (1929); Brit. Chem. Abs., B565 (1929). \ 
Ae ia lee A., and Sovalova, A., Za Lakokrasochnuyu Ind., No. 2, 11, 1934; Chem. Abs., 29, 389 

89 Barker, J., Oil, Colour Trade J., 87, 575 (1935); Chem. Abs., 29, 7675 (1935). x 4 

0 Pfund, A. H., Proc. Am. Soc. Testing Materials, 23, II, 369 (1923). = 
x “ee R. L., Proc. Am. Soc. Testing Materials, 23, II, 379 (1923); Chem. & Met. Eng., 2 

t 
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nd White 1° employ synthetic aniline (or other sae erat 

Be Moss to lacquers containing one or more derivatives of cellulose, 

, adding Bi ecate acetate, etc., and a volatile organic solvent, other natural 

plasticizers, pigments or dyes. Phenol or ketone furfural 

SYNTHETIC RESINS 

7% 

” . cellulose nl 
Before discussing the applications of ultraviolet in the Preparation and 4 

of varnishes, the relations of radiations to the artificial resins wil] be e 
iS 

Some polymerization reactions employed in the pr ti f vi Considers ee sed oe 
: ployed in the preparation of vinyl pecs om © 4-4 may be : amble been mentioned in Chapter 23. Ramstetter 190 carried out the condenesiil -—_ series of synthetic and natural resins and gums studied by G 

carbamide or its derivatives and formaldehyde under the influence Aton “4 
Of radiatig fost 410 tended to decompose in ultraviolet light. This change was accom- 

short wave-lengths, e.g., from a quartz mercury lamp, in the presence or afl a, 
lowing and an increase in the ultraviolet absorption coefficients. e 

° e 

€ 
of condensing agents. The rays were applied during the whole o¢ Bey 2 classified as being relatively opaque and also relatively stable to rs 5 3 " A Part £ e@ as reaction or during the concentration of the reaction solution or the hardenal tt ons | ead the product. In one example, a solution of carbamide js treated at 75°¢ 4 ‘ paca 1. the resinous materials are both more opaque and less sensitive to mixture of 80 per cent formic acid and 30 per cent formald ogi : 

| | : 
a Bt tight than are the oleoresinous or nitrocellulose films. Incorporation o 
yiole 

affords a certain degree of protection to such sensitive Bannbenct 

sit ae type of resin to use would be one which is both opaque an 

most desir hat there are only a few such resin esters such as Congo, Je to these ale is also necessary to consider other factors, such as the 

eee ical properties of the resin and its resistance to weathering. 

sical nem aan have a chemical stabilizing action on nitrocellulose 

ehyde at 490q 
heated for a quarter hour under reflux while being irradiated. Excess of form 
hyde is distilled off under reduced pressure at 40°C. till a syrup remains and. latter is poured into flat molds. On keeping, it finally forms transparent flex 
flakes, the hardening process also being accelerated by exposure to ultrays light. Geisel 191 states that the hardening is accelerated and that a tendency 
cloud or deposit is counteracted if the mass is subjected to the action of ultray? ; : ; i. ic resins bape . light. Shono 19? found a phenol-formaldehyde resin to be decolorized in propor ain eis own ultraviolet absorption characteristics may be undesit able. to the amount of the ultraviolet rays ( 3190-25854.) to which it was exposed. \ n thous de, glycerol-phthalic anhydride and coumarone-indene types 
resins made from the condensation products of phenols and aldeh a , phenol-formaldehy ydes Present ; B isly satisfactory. These all exhibit about the same high opacity, but differ 

nN has, howey 
Lair sensitivity to the ultraviolet, the coumarone-indene group Pane ee TOS 

an mposed. In general, the natural gums and resins are both less ) 

en 4 nsparent than are the synthetic materials. Kauri gum was foun 

— a Be ble of the natural resins measured. Vinyl acetate and vinyl 
‘be me _ en transparency but are considerably decomposed. A mixture of 

cd | acetate and chloride is both more opaque and less sensitive than 

= alone. 
4 sic to obtaining photographic films more transparent than one to 

short ultraviolet rays, Dote and Shidei *™ saniagette ee aie 

| ar and of commercial viscose films. e 

ot : a Shires iondizig solutions, which were themselves more trans- 

it than gelatin especially in the extreme ultraviolet. : ere 

Minor #2 has employed ultraviolet for bleaching rosin. On ee Hi af res 

Fi sarone resin 113 is darkened on exposure to an ultraviolet lamp tor thr 

a di few inches. 

Bc otsvitty of colored resinates submitted to the action of light has been 
a. ared by treating resin stigated by des Bancels.44* Colored resinates were prepare PARAL TEGTUN 

aqueous solutions of alkali hydroxides, adding a suitable co oring 

tanine, rhodamine, etc.) and then precipitating with a salt of zinc or pont 

um. These resinous substances, when dissolved in a volatile selverit, sprea 

na thin layer on glass plates, dried and exposed to a mercury-vapor lamp, became, 

difficulty of discoloration by light. The urea-formaldehyde resi 
been found relatively light-stable.193 

A substitute for drying oils as a medium for paints, varnishes, and impr 
nating agents for fabrics, wood, etc., proposed by Réhm,!°4 consists of a solut: 
of polymerized acrylic acid ester in acetone, lower fatty acids or other solve When exposed to sunlight or ultraviolet light, the ester is transformed into a Col 
less, transparent, tough mass, soluble in solvents for oils. ; 

, The polymerization of the methacrylates is furthered by heat, light, oxygen , 
peroxides. These resins have extreme ultraviolet transmission and excellent li 
stability.1°5 Wave-lengths shorter than 2200A decompose methyl-methacry] 
vapor, but longer ones polymerize it to a white solid. Once started by light, | 
polymer continues to grow in the dark for several days. This growth is prop 
tional to the area of the tube irradiated and the pressure of the vapor.106 

Furfural resins have a good black color and completely absorb ultraviolet ray 
By adding a suitable amount of Bakelite resin, they can supply a very fine ebon’ 
like insulating material or an effective coating varnish which protects ebonite fre 
ultraviolet rays.107 

In preparing lacquers in which a resin fast to sunlight or ultraviolet light 

Fluorescence tests for the identification of resins have been tabulated by Wagner and Schirm Wagner, H., and Schirmer, H., Farben Ztg., 43, 131, 157 (1938); Chem. Abs., 32, 4361 (1938) 
100 Ramstetter, H., German P. 416,252, Jan. 31, 1923; Brit. Chem. Abs., B, 99 (1926). 
101 Geisel, W., German P, 437,646 (1924); Brit. Chem. Abs., B, 452 (1927). a 
7 Shono, T., J. Soc. Chem. Ind. Japan, 30, 143 (1927); see also Chem. Abs., 20, 2729 (1926). — 
103 Ellis, C., Chem. Met. Eng., 16, 1928: for the use of a stn lamp in testing the durability of col in ee es urea resins, see Houwink, R., Trans. Inst. Plastics Ind., 5, No. 9, 16; Chem. A 30, 3905 (1936). 
14 Rohm, O., German P. 295,340, June 5, 1915: J. Soc. Chem. Ind., 296 (1917). 
105 E. I. du Pont dé Nemours & Co., Ind. Eng. Chem., 28, 1160 (1936); Barrett, H. J., and Stra D. E., British P. 465,789, May 14, 1937; Chem. Abs., 31, 7444 (1937); Plauson, H., (Roehm 4 Haas Co.), U. S. P. 2,086,093, July 6, 1937; Chem. Abs., 31, 5811 (1937); Chalmers, W 2,087,468-9, July 20, 1937; Chem. Abs., 31, 6378 (1937). 
106 Melville, H. W., Proc. Roy. Soc., A163, 511 (1937); Brit. Chem. Abs., 1938A, 261. 
107 Ogawa, W., Hanyu, T., and Yanagihashi, T., Researches Electrotech. Lab., Tokyo, No. a 78 pp. (1926); Chem. ‘Abs. 21, 659 (1927), 

46 Moss, W. H., and White, B. B., British P. 307,290, 1928, to British Celanese, Ltd.; Chem. Abs., 
3, 5338 (1929). , ae. 
i Boss Ww. H., and White, B. B., British P. 307,291, 307,289, 1928, to British Celanese, Ltd.; 

rit. Chem. Abs., B, 469 (1930). 
™Gamble, D. L., and Stutz, G. F. A., Ind. Eng. Chem., 21, 330 (1929). ihe? Al, da ead: 
™ Dote, S., and Shidei, T., Japan J. Physics, 5, 157 (1929); Brit. Chem. Abs., A, ; 
™ Minor, L. C., U. S. P. 939,733, Nov. 9, 1909; Chem. Abs., 4, 521 (1910). 
™ Ellis, C., and Rabinovitz, L., J. Ind. Eng. Chem., 8, 800 Mae hh ay Gas? bier 
tes Bancels, L., Compt. rend., 155, 280 (1912); J. Chem. Soc., a 

5, 

, US 
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| J | tly, there was no ae ee: Bea: tand two or three weeks on the wheel. Apparen 9 ak ie ae cai SHneiinwOhible th BUCH solvefite “fy benzene, but Soly} est een the results of the test and the life of finishing materials on the 

4 ction? 
a. 

The results were better when the wheel was continuously rotated According to Chinchin,115 the action of sun and electric ra S Bat and the lamp used only during the day. 
: ’ : ays On TOsin P the formation of a more stable form, insoluble in petroley Gi 

mn Se and a 122 of the coating material on a colore different dielectric constant and resulting in a molecular agglomeration ‘dl , wolff and Zeidler ante one the film whe placed with the coated ‘ area: acs 2 ‘ y UP" ; e ° ’ i The colloidal condition of stearates, palmitates and oleates of copper, alum: 7 fim glued ~ eG the elt removed with water at 50°C. It is then tested zinc, calcium and other water-insoluble soaps is affected adversely and therm pn 2 Blass P a Mis Mote antl elongation. A kauri varnish film after exposure ¥: ( =) ~~ 
bility is impaired by ultraviolet irradiation.117 nsile streng 

| “tight of a quartz lamp showed an increased extension velpomy. 

5 eS 123 described a very simple and comparatively inexpensive test in wh ich | [ansen 13 cm. are exposed in a shallow pan under a source of ultraviolet light. 

Is - an intermittent siphoning apparatus, the panels are periodically cov- 
means x ter and allowed to dry out. A cycle of one and one-half hours dry 

pe B hour wet exposure was used, but the method when published had not 

Be endardized with materials of known characteristics. Tognoni and 
been 
Hiet report favorable results with the Weather-Ometer.14 
lie 
a P 125 rotate a vertical wheel partly immersed in 
yon a vainctes. One day in this test is said to produce results 

m4 paralleling one month of weathering.1*® - | er 
yd embrittling test for predicting the durability of varnishes was devise by 

eie7 In it, varnish films on metal strips are exposed to a carbon arc or 

. s at a distance of 15 inches until they are so affected that they crac 

a i bending double at 0 or 22°C. over a 3 mm. rod. The time of expo- 
o Pt required to produce this effect is taken as a measure of durability. 

al es Bind that this test, although valuable for classifying good and poor Rear 

Biches, would not rapidly distinguish grades of the newer types o ity ae 

a tings. An improvement by which the coatings are applied to surfaces 

if Be ccting that can be stretched instead of bent is suggested to make obser- 

4 Bier Snitter 129 used a flexometer in which the test panel is gradually 

ine at which bending is effected being observed under a sada Pi eae 

angle at which fissuring of the varnish film occurs 1s noted. He Beara 

at artificial aging methods give results comparable to the effects of exp 

5 the weather.13° | 

a rocellulose Lacquers. Particular attention has been devoted to the 

-stability of the newer types of coatings. Stutz 14 made ultraviolet PARED 

studies of lacquer films, noting particularly the effects of pag aue wai 

icizers and gums. In general, the light penetrates some distance into t ot - 

e being completely absorbed. Similar data on films of acetylcellulose, nes 

dure and plasticized with tritolyl phosphate and p-toluenesulfonanilide have been — 

1 Wolff, H., and Zeidler, G., Farben Ztg., 32, 2135, 2708 (1927); Chem. Abs., 22, 1860 (1928). 
43 Hansen, H. V., Ind. Eng. Chem., 20, 1384 (1928). é 
12 Tognoni, C. A., and Trolliet, A. oe Chimie & Industrie, 38, 647 (1937); Chem. Abs., 32, 3642 a 

VARNISHES AND LACQUERS 

Wolff 148 believed the shrivelling observed to occur in varnishes dried ia 
light due to a slight retardation by the rays of the surface oxidation, and a q 
retardation of polymerization in the inner layers. In light of shorter wave 
the processes were thought to proceed at nearly equal rates. Vollmanp 119 bel; 
the red rays cause an unequal distribution of heat which influences polymeriza, 
in the inner layers. al 

In the laboratory of the senior author, a large number of samples of varnig 
of various grades have been exposed to ultraviolet rays. The behavior of , 
nishes varies greatly, depending on the composition. Some samples are p] 
others are darkened and still others are very little altered in color, 4 

In the application and treatment of varnish, Clover 120 conveys the varpj. 
articles through a chamber exposed to heat and to light rich in ultraviolet > 

Ultraviolet accelerated weathering tests have been extensively used for | 
nishes, lacquers and enamels. Mougey 121 was unable to find a direct relation: 
between the results of these and of service tests when different types of mater 
were compared. In early tests made by Mougey on black baking fender enay 
panels failed on the test rack before they did under direct ultraviolet irradiat When the panels were soaked in water over night and exposed to the ultra ri 
during the day, they failed in a few. days, but the results were of no value unl 
care was taken to remove surface water. Failure occurred in a few minutes 
the areas where surface water lay on the panels. Finishing varnishes subjecte 
to this test usually failed in one cycle, with no relation between the results 
the test and the durability of the varnish. It was apparent that this test fa ‘Ot 
hard-drying finishes. A rotating wheel type of apparatus was used, half immers 
in water and rotating at a rate of two revolutions per hour under the ultravic 
lamp. In this way the panels supported on the wheel were given time for draine 
and. evaporation of surface moisture and then exposed. A Duco nitrocellule 
enamel which withstood exposure on the roof test rack for over two years fail 
in two days in this test. A finishing varnish with a life of three months on t 

ac] 

115 Chinchin, I., Bumazhnaia Promyshlenost, No. 12: (1924); Chem. Abs., 19, 2273 (1925). 
46 For extinction coefficients of crude and bleached Japan wax, see Sakuma, I., and Momose, J. Soc. Chem. Ind. Japan, 38, 218 (1935); Chem. Abs., 29, 5296 (1935). Crude wax showed a rema: able absorption at 6600A. Sunlight bleaching is facilitated by extraction of the pigment with alcol Sakuma, I., Momose, I., and Shomura, J., J. Soc. Chem. Ind. Japan, 40, 48 (1937); Chem. Abs, ee co Sakuma, I., and Momose, I., J. Soc. Chem. Ind. Japan, 40, 170 (1937); Chem. Abs., 6495 (1937). 

Z 
"7 Jones, H: I., Chem. Met. Eng., 28, 489 (1923); J. Soc. Chem. Ind., 42, 410A (1923). A 
us Wolff, H., Farben Ztg., 24, 1119, 1389 (1919); J. Chem. Soc., 115, 915A; see, however, Ragg, | Farben Zig., 24, 1308 (1919). 
119 Vollmann, H., Farben Ztg., 24, 1427 (1919). ; 
om Clover, G. R.. U.S. P; 1,646,010,, Oct, 18, 1927; Brit. Chem. Abs., B, 916 (1927). 
12 Mougey, H. C., Ind. Eng. Chem., 17, 412 (1925); see also Jenkins, L. D., and Croll, P. R., Jb 

19, 1356 (1927). : 

# 185 (1927). on Mithlendahl, E., and Schulz, H., Z. angew. Chem., 40, 1 ; : 
‘or a description of a wheel developed by the Ditzler Co., see Denham, A. F., Automotive Indus 

ves, April 9, 1927. 1, 93:.0939) 
“Wilson, J. H., Bureau Standards J. Research, 7, . : 
Levy, S. A., Am. Paint Varnish Mfrs. Assoc. Circular 410, 146 (1932); Chem. Abs., 26, 3939 

oq ), 

4 i, suitter, P., Bull. inst. pins, 223 (1933); Chem. Abs., 28, 1554 (1934). = See also Martin, R. C., Metal Cleaning and Finishing, 6, 561 (1934). 
™ Stutz, G. F. A., Ind. Eng. Chem., 18, 1235 (1926). 

; | 
ni 
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a 

given by Orlova.182_ Data are reported by Nakashima and Negishj 133 ea 
cellulose films as altered by swelling and softening agents. Ve 

The viscosity of nitrocellulose solutions decreases o 

us salts, ferric salts being less so. Extraction of the nitrocellulose 

a BP toric acid can remove most of the iron salts. Decomposition products 
a ganic acids, aldehydes and sodium hypochlorite used for bleaching 

Fy 

Nl exposure 9 julose, O* harmful. The photochemical stability is The colloidal changes occurring in nitrocellulose collodion with time en ‘nc effect, Aa ene a ee and the i stability. 
the influence of ultraviolet light have been studied by Breguet 185 by fr 4 endent Ee : ted that a clear film of cellulose nitrate exposed to the ultra- precipitation of the nitrocellulose by the method of Duclaux and Wollmann -allahan a ae spectrum for only a few days becomes so brittle that it will benzene instead of water to prevent precipitation of the camphor. The ._ prays of the 

et viscosity and nitrogen content of the various fractions was determine 4s 
results were interpreted in terms of the Duclaux theory of the constityt; g 
reversible gels as follows: In a collodion the most complex nitrocellulose mall 
have the greatest tendency to polymerize and swell, and in a nitrocellulose soit 
the solid phase is formed of the largest granules, the cells of which are filled . 
a dispersion of the finer granules of the solvent. The granules of collodion 
in equilibrium with the solvent, and in time the cohesion forces of the moles 
in the granules gradually diminish, and the granules are progressively depolyp 
ized with resulting decrease in swelling, made evident by decreased vyican. 
This aging does not proceed indefinitely but tends to a limit which depends op 
concentration, temperature, and nature of the nitrocellulose collodion. Aging 
accelerated by heat, light and mechanical treatment. The changes taking pj 
in collodion with time are thus due to its changing from an emulsoid to 4 Suge 
soid. The general effects of ultraviolet light on celluloid or collodion are to loy 
the viscosities of all fractions and to decrease the total yield of high-viseo, 
nitrocellulose and correspondingly increase the yield of low-viscosity nitrocelly] 

Branchen and Prachel 186 proposed to make practical application of the ah; 
of ultraviolet light to reduce the viscosity of an acetone solution of cellulose ace 
in the presence of a fatty acid, preferably formic or acetic. In fifty hours a 4 
cosity ranging from one-half to one-fifteenth that of the original value may 
obtained. ‘ 

During degradation by ultraviolet rays the tensile strength of cellulose ace 
films with the same acetyl numbers varies as the viscosity. The stretch varie 
similarly but to a greater degree.137 During this form of aging of a film ba 
there is associated with the depolymerization of the ester (shown by the decre; 
in viscosity) an increase in brittleness and a yellowing.138 q 

When employed in layers in safety glass, nitrocellulose has been found to 
light-sensitive, decomposing on prolonged exposure to light. Cellulose acet 
promised better results as it is more stable, but it is still not ideal for the int 
mediate layer.139 . 

It has been claimed that the instability toward light of nitrocellulose ‘fil 
depends on impurities introduced during preparation.14° The most harmful impt 

=" ding without:cracking. The use of oils and plasticizers will extend 

i? ventually failure will occur. However, if such a film is protected 
fe Dut d rays by the use of opaque pigments, particularly when the film is 
Bie 50 ¥ id surface such as steel, almost indefinite resistance to sunlight 

4 : E cipiber 142 attributes the brittleness produced by light to the possi- 

result tallization of the cellulose esters. In the absence of pigment, plasti- 

po Sin ultraviolet light causes in nitrocellulose films a yellowing when 
p and ci. a cent sodium hydroxide, an increase in the wettability by water 
ec 4 Fe tc an acid reaction and an unpleasant odor. The changes may be 
phy . saponification following the production of free organic acids.143 

Be ctieves that the degree of yellowing in nitrocellulose lacquers depends 

’ eeare and concentration of the plasticizer as well as on the exposure.!° 

4 has been found '*® that the absolute intensity of yellowing of nitrocellulose 

4 with 33.3 per cent tritolyl phosphate as plasticizer, when exposed to a mer- 

was greater for 135 films than for l5y films. But when expressed as 

Be of yellowing per unit thickness, the change was greater in the thinner films. 

cunt of additional yellowing decreases for each added increment of time. 

1 Bas 147 finds that ultraviolet greatly impairs the plasticity imparted to nitro- 

iulose by butyl oleate or benzyl stearate. Palatinol AS and Palatinol L pai 

r. Irradiation caused strong yellowing with Toplast, somewhat less wit 

stearate and very little with Palatinol AS, Palatinol L and butyl oleate. 

hizawa 148 follows the rate of decomposition of nitrocellulose by light by 

mining nitrogen dioxide with g-naphthylamine. Kraus, however, did not 

the destruction of the film to be simply related to either the degree of 

nitration or to the loss of the solubility in acetone. Although the ability of the 

lasticizers to combine with the nitrogen decomposition products had an, influence 

a ie characteristics, direct relations could not be discerned. 

t ttempts have been made to increase the stability of nitrocellulose films to ee 
ht, i.c., to decrease their chalking, by the introduction of pigments. McKim 

ared a clear cotton solution and in this ground a small amount of zinc oxide to 
termine whether a pigment opaque to ultraviolet light exerted a protective 
“a 

IScos 

“1 Callahan, M. J., Chem. & Industry, 47, 34, 236T (1928). 
M2Scheiber, J., Farbe und Lack, 190 (1928); Chem. Abs., 22, 3054 (1928). 

Beutel, E., and Kutzelnigg, A., Farbe und Lack, 351 (1934); Brit. Chem. Abs., B, 804 (1934); 
so Gloor, W. E., Ind. Eng. Chem., 23, 980 (1931). , . 
Kraus, A., Paint Varnish Production Mfr., 13, 16, 18 (1935); Chem. Abs., 30, 307 (1936); 
und Lack, 545, 556 (1935); Chem. Abs., 28, 891 sae ; eon err 

A general discussion of the aging of oil, gum, resin and ce lulose derivatives under : 
z i i i by Nauroy, A., 14 Congr. chim. - = : lon ; ; 1925). Seea ht and air and of the effects of pigments upon it has been given 

Rogovin eA aera ees # ee i os sR) 8, Gon Cisse" Choe ae 32, 1960 (193 Paris (Oct. 1934); Chem. Abs., 29, 6443 (1935). .Note also Rosenthal, L., and Schultze, G., 
786 Branchen, L. E., and Prachel, C. U., U.S. P. 1,658,368, Feb. 7, 1928, to Eastman Kodak C 

Chem. Abs., 22, 1237 (1928). 

187 Grard, J., Bull. soc. chim., 53, 1308 (1933); Chem. Abs., 28,4222 (1934). 

Kozlov, P. V.. and Zueva, R. V., Photo-Kino Chem. Ind, (U.S.S.R.), No. 5, 14, 1935; Che Abs., 30, 4107 (1936). | 
139 Ellis, C., Chem. Met. Eng., 16 (1928). 
140 Mindlin, S. S., Zel’dovich, P. Y., Kaplan, M. Y., Kuz’mina, L. I., and Remennikova, V- 

Plasticheskie Massui, No. 4, 4, 1934; Chem. Abs., 29, 3154 (1935). 

1 Orlova, O. V., J. Tech. Physics, U.S.S.R., 4, 1170 (1934): Chem. Abs., 29, 8321 (1935). 4 
188 Nakashima, T., and Negishi, M., J. Soc. Chem. Ind. Japan, 39, Suppl. binding, 102, 104 (1936 

Chem. Abs., 30, 5407 (1936). 

™ McBain, J. W., Harvey, C. E., and Smith, L. E., J. Phys. Chem., 30, 312 (1926); Chem. A 20, 1741 (1926). 4 

Communication III from the Untersuchungs-und Forschungs Laboratorium fiir Lacke und Far- 
Berlin, Farben-Ztg., 42, 667 (1937); Chem. Abs., 31, 8960 (1937); Wolff, H., and Zeidler, G., 

unt Varnish Production Mfr., 17, 7, 10 (Sept., 1938); Chem. Abs., 32, 7162 (1938). 
“Kraus, A., Farbe und Lack, 269 (1938); Chem. Abs., 32, 8806 (1938). } 

Nishizawa, Y., J. Chem. Soc. Japan, 50, 258, 327, 391 (1929); Chem. Abs., 25, 5627 (1931). 

wCcKim, W. A., Ind. Eng. Chem., 18, 1239 (1926); de Waele, A., J. Soc. Dyers Colourists, 43, 2 (1927), 
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nding test of a series of red, white and black lacquers with varying 

Mec of ester gum, gave the best correlation with outside weathering. 

pate’ of the ultraviolet light absorption by lacquer films and their constituents. 
Be that within the range present in sunlight, all of the absorption by an 

cate jacquer is due to ester gum with lesser absorption by such plasticizers 
li e | phosphate and castor oil.154 The failure of ordinary lacquer films is 
Be io excited ester gum molecules transferring their energy to neighboring 

s lose molecules. Avoidance of the use of ingredients opaque to the ultra- 

in g-be 
action. The reduction in distensibility produced by an ultraviolet exposuy 
in the clear film caused a destruction of 100 per cent, was in this way rei w 

but 60 per cent. The breaking strength of the clear film increased naa tice 

units and in the pigmented film from 30 to 36. t 
For the protection of automobile finishes, Denham 159 found a faire 

amount of pigment necessary. Although opaque colors in genera] stood y Xk 

than those of lower opacity, some, notably the Para toners, did not furnish an 

protection.. Although more opaque than madder lakes, they made D cell 
durable lacquers. White pigments (titanium, lithopone, zinc oxddedy aa - of sunlight should improve the light resistance. In gener, ie panne 
durable but zinc sulfide is undesirable, since it turns brown on exposure. i . Minzinger 155 observed that nitrocellulose bine satan ne aah Ana 
marine lacks durability, since it does not provide protection against actinic ‘. Eeyere all more sensitive than the nitrocellu oe ee pain a atteeee a 
Of true lake colors, alizarin pigments produce the most durable S0-calle au osphate caused the greatest and glycol monomethylphthalate the 

exposure Miinzinger also tabulated the changes in fluorescence colors result- ex colors in pyroxylin lacquers.. Since they have poor covering qualities, they | 

a > from the exposure. be strengthened with other materials which detract from durability, 
In discussing accelerated weathering of lacquer enamels, Nelson 151 noted | ~The ers aoe iat Sottero boned i pase ie CDR ERY ARIE 

it is possible to produce such failures as hair-line checkine by increact. Beetard the absorption of ultraviolet tgnt by ni gata : : Det at pre 157 yses crotyl cellulose or allyl cellulose and a drier, such as cobalt oxygen content of the air in the light-exposure chamber and by including Deric 
exposure to humid air containing sulfur dioxide and carbon dioxide. He belial 
the relative ratings of a series of nitrocellulose lacquers in this test agreed reall 

. tra 
- lacquers which may be baked. Ultraviolet light may. be used for 

golubilizing the films of crotyl cellulose. Ethylcellulose films approximate acetyl- 

ably well with outdoor exposure ratings. . iiulose films in transparency and light resistance. Prolonged eapoeere of eye 
5 — eu 2 A e - 2 e 

Pigmented enamels made with cottons of higher viscosity showed greater rf ‘ellulose films to ultraviolet light at pigs temperaia es depolymerizes the cellulos 

bility and greater tensile strength and distensibility than those made with 0,5-cea, nolecule with lowering of the viscosity. : 
cotton. This may be due to the longer fibers used in the production of the oa Since the cellulose acetate ee are ee Aeaistant fo. Heit Cag fe Pal 
of higher viscosity, or to the freedom from suspended matter usually presen e lacquers, it has been propose oe coa ep ve naa aa itil WH PGK 
the solutions of the latter. Greater durability resulted from a ternary mig cellulose acetate does not absorb the rays w ‘i : oe Pp ao eues unis Tees 
containing 50 per cent of 0.5-second cotton, 24 per cent of 4-second cotton mee co that such protection ‘1s not».compicte. vk . Hop phd A atts 
26 per cent of leather dope. The last by itself showed the poorest durability itions to the cellulose aCBLRES layer DATE DEA SHalegele ad aad r aa x 
all the cottons tested. q e addition of 7 oz. of stannic acid per gallon has been proposed tor use in Pee 

In weathering, light-colored enamels containing 19.5 per cent of 0.5-sec¢ ive coatings for airplane wings by React stholis : i A Nid oe 
cotton yellowed more than those containing 16 per cent of the same cotton; nism-proot cellulose ester composition, Clewe ‘ vie tearm a ene 
former, containing pigment transparent to ultraviolet light, were more dura a in sides with ‘ Pe ighetliee bar aa Aaa icra : 
than the latter, but with pigments opaque to ultraviolet light, the enamels o Seca O11 Mixture impervious 3 : ; 161 
taining the lower cotton content were the more durable. Increasing the gut _ In the cellulose acetate of other overcoatings, a on ieee ee Hid 
content from 1.5 to 3-per cent decreased durability and increased gloss wh 2 per cent of phthalic acid neutral esters of monoethers : 7 cae cechatiait Ske 
dammar gum was used, but with ester gum both these properties were increas nologs. In the production of fama BIBS ie ome ip ia tac] a 
Comparative tests of tricresyl phosphate and triphenyl phosphate showed li ced on each side of the cellulose DEbrait eae oe re “adits ihe celliilose 
preference except when the tests were run at 48°C., when the films containing t sheets of glass. (It was also claimed that sii iene ‘i eS fade be wneril ie 
latter rapidly became weak and brittle, apparently as a result of crystallization ester sheets produced beautiful effects and that Such. madterials ts 
the plasticizer. The addition of clear lacquer to a pigmented lacquer in t the manufacture of toilet articles, novelties, etc.) Ket te Scien 
finishing coats, or a finishing coat of clear lacquer or of varnish, always decreas | Many other organic substances have been propose % ae ee . 

the durability of the pigmented lacquer job. A wax finish stands up better th polycyclic hydrocarbons or their derivatives, such as phenanthrene, nap ; 

a buff finish. ) . 
Von Miuhlendahl and Schulz 1°? studied the influence of plasticizers on nitt 

cellulose under the influence of light and heat, judging it from the color of 
mixture of equal amounts of the two products when heated to 100°C. or expos 
to the rays of a quartz lamp. | ji 

According to Merz,45? weathering under a carbon arc, and the results of 

150 Denham, A. F., Automotive Industries, 56, 544 (1927). a 
151 Nelson, H. A., Can. Chem. Met., 10, 11 (1926); Chem. Abs., 20, 995 (1926). 

12°Von Mihlendahl, E., and Schulz, H., Farbe und Lack. 276 (1927); Chem. Abs., 22, 3055 (1928 

168 Merz, O., Farben Ztg., 36, 316, 362 (1930); Chem. Abs., 25, 608 (1930). ‘ 

a 

nitrat 

L Davey, W. P., Duncan, D. C., and Wiggam, D. R., Phys. Rev., 35, 1423 (1930); Ind. Eng. Chem.., 

23, 904 (1931). . | 
15 Miinzinger, W. M., Chem. Ztg., 56, 851 (1932). 

6 Swiss P. 128,476, May 25, 1927, to Elektrizitatswerk Lonza; Chem. Abs., 23, 2840 (1929). 

1 Dykstra, H. B., U. S. P. 1,920,297, Aug. 1, 1933; Chem. Abs., 27, 4943 (1933). 

8 Ushakov, S. N., Shneer, I. M., Demina, E. N., and Ijboldina, Rev. gén. mat. plastiques, 13, 

341 (1937); Chem. Abs., 32, 3603 (1938). 
_ 88 Application of Steel, P. C., U. S. Serial No. 425, 353. Cited by Staud, C. J., and Murray, T. F., 

Jr, U. S. P. 1,950,907. 

“Chem. Abs., 22, 317 (1928). | 

a Staud, C. J., and Murray, T. F., U. S. P. 1,950,907, March 13, 1934; Brit. Chem. Abs., B, 161 
(1935) ns | 

Ss Clewell, J. H., Jr., U. S. P. 1,647,435, Nov. 1, 1927, to E. I. du Pont de Nemours & Co.;. 
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chloronaphthalene, anthracene or p-amino-benzoic acid, phthalimide nit 
nitrobenzene, quinaldine, benzyl benzoate, glycerol butyl phthalate and Itrog ni 

methyl phthalate, dibenzofuran, diphenylbenzene, diphenylguanidine, x B “Methe 

_ phthalanil.16 
, anthydrg 

Vanadium, cerium or titanium salts of a half ester of phthalic aciq163 _ 
_as triphenyl compounds of antimony or bismuth have also been suggested as y 

purpose." Dreyfus '®° used a topcoat of phenol-furfural resin. This + ie 
is dried and converted to the insoluble, infusible state by baking, exbosiil “a 
light or ultraviolet light. Bradshaw 16° incorporates an iron or cobalt ‘om 
naphthenic acid or a resin acid. Organic or inorganic compounds of cop, 7 
be added to purified benzylcellulose used as a basis for transparent films td a 
plastics to render them resistant to the action of light and heat.167 a 

Chapter 31 

Rubber 

ne absorption of ultraviolet radiations by rubber dissolved in pure hexahydro- 

Bas peen studied by Scheibe and Pummerer.* (See Figure 127.) Of samples 

a er from latex treated with alkali, rubber from non-coagulated latex, and “sol- 
According to Cofman and de Vore,168 the wave-length most effective pet a _.” the curves of the latter were believed most closely to approximate the 

. ©. of rubber hydrocarbon., Gutta-percha gave a curve of similar type. Kroger tum absorbed in causing the acid decomposition of nitrocellulose is about 319 ¢ ‘tion O 
It was to prevent the passage of this wave-length that most of the Materials lie 4 found that isoprene and various samples of rubber exhibit only contin- 

is psorption. Synthetic rubber made from isoprene is more transparent than iso- above were introduced. The observation by Rayleigh that celluloid contain S| 

malachite green becomes red when exposed to sunlight may be explained al Essel in the same thickness. The transparency of both synthetic and natural 

to the action of the liberated nitrogen oxides on the dye. Trevy 16° finds the iz ve increases with stretching,? presumably on account of some molecular change. 

yellowing of celluloid films most intense under wave-lengths between 3000 % a Be icanized with sulfur chloride is much less transparent.4 

3500A.17 Traces of metals may increase the yellowing. Durophen lacquer 216 | 

of the firm of Kurt Albert is completely opaque to ultraviolet light of wave-le 4 
shorter than 4000A even in thin layers. In the visible range, it transmits ]p 
increasingly toward the red end of the spectrum.174 3 

a 

ber 
‘ 

POLYMERIZATION AND DEPOLYMERIZATION 

Deresinized, colorless gutta-percha on exposure to ultraviolet light becomes 
4s opaque and brittle, although still completely soluble in benzene.> This change 

. peen assumed to be due to a transformation into a crystalline form, the 

‘tence of which has been demonstrated microscopically. Kirchhot 6 states that 

serjments by Porritt 7 indicated that a benzene solution of rubber slowly changes 

a gel on exposure to ultraviolet light. Kirchhof found that this could be 

served only in a very small volume of solution. With larger volumes, depolymer- 

n apparently occurred with a lowering of the viscosity. There have been 

subsequent observations of the reduction of the viscosity of rubber sols by 

iolet light.§ 

uring this alteration of the viscosity of crude rubber solutions, the molecular 

ization is not markedly affected, according to Kambara.? Garner 1° found that 

eduction in viscosity during irradiation occurred particularly in solutions from 

1 oxygen was excluded. On evaporation, there was obtained a depolymerized 

ber which readily absorbed oxygen. Ordinarily, however, light and air cause 

an oxidation and an increase in tackiness as judged by changes in viscosity. 

er concluded that the effect of light is partly polymerization and partly 

lepolymerization. The latter predominates in an ordinary atmosphere. In nitro- 

en with but little oxygen, the rubber is in part rendered insoluble. The relative 

acts of various antioxidants in retarding the decrease in viscosity of irradiated 

e 
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* Porritt, B. D., India Rubber J., 60, 1159 (1920); Chem. Abs., 15, 1230.(1921).. 

ey. W., Canadian J. Res., 7, 671 (1932); Chem. Abs., 27, 1561 (1933). See, however, Dogad- 
' B., and Layrenenko, M., Kautschuk, 9, 97 (1933); Chem. Abs., 27, 4953 (1933). 

_ Kambara, S., J. Soc. Chem. Ind. Japan, 39,138 (1936); Chem. Abs., 30, 6298 (1936). 
“Garner, T. L., Trans. Inst. Rubber Ind., 4, 413 (1929); Brit. Chem. Abs., B, 445 (1929). 
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rubber stands in no simple relation to their effects on actual oxidation, By a 
ing the formation of an insoluble polymer on the surface of exposed rubbe fa 

oxidants may, indeed, accelerate the loss of surface tackiness. "a 

The melting point of the microcrystals of the irradiated material was believed 

| wer than that of the crystals which are obtained in films formed by evapo- 

Sof nonirradiated solutions. The product leit after the evaporation of the 
om” . from an irradiated solution redissolved to a clear solution in benzene, if the 
Dion +s conducted in hydrogen; but irradiation of a film with air present 

aw product which is partly insoluble. Such effects are not observed in the 
es ¢ rubber. The different behavior of gutta-percha is ascribed to its higher 
q cs p olymerization. 

No change in the unsaturation of a l-per cent solution of pale crepe tubber can 

setected by a modified Wijs method after irradiation under carbon dioxide in a 
s gask for 28 to 45 hours by a quartz mercury-vapor aroAe 

The ultraviolet radiations present in sunlight tend to polymerize rubber, iso- 

g and styrene, especially in the presence of sensitizers (compare the cinnamic 

4. Chapter 25).1% Ether solutions of rubber under nitrogen in sealed tubes 

verally gelatinize when exposed to sunlight, but the length of time required, 

netimes weeks, varies so greatly that this is not a practicable method of bring- 

_ about gelation. The light rubber obtained by evaporating the ether gel is 
q ely insoluble in ether if the illumination has been sufficiently prolonged. On 

‘ing rolls, it gradually becomes ether-soluble again, but it differs from gel 

spper in that the addition of diethylamine, piperidine, etc. does not make it ether- 

Ficure 127, 

Absorption of Latex a 
Rubber and Related Compoy: 
(Scheibe and Paya 

Berichte der deutschen Che 

ischen Gesellschaft), ; 

gi ie . ible. Its iodine number is 94 to 98 per cent of that of the original sol rubber. 

: Diereihgibitaane ; sparently the chemical effect of the irradiation is a polymerization involving 

4, Latex purified with NaOq , ‘jy from 2 to 6 per cent of the double bonds. The gelation can be regulated 
coagulated 7 id reproduced at will by the use of various sensitizers containing a carbonyl 

5. Latex, uncoagulated } ip, With eosin, gelation can be demonstrated in about ten minutes in quartz 
_ 6, Latex, purified with NaOH _. i i biigé dubbee a mercury arc, and even 0.2 per cent solutions of rubber in carbon tetra- 

8. Isoprene de can be made to gel. It is the longer wave-lengths between 2800 and 
which are believed effective. Methylene blue and malachite green offered 

) advantages over eosin. Diphenylketone (3150 to 4000A) and benzanthrone 

3150 to 4200A) are also effective. Benzaldehyde also produces gelation, but with 
| with acetaldehyde the conditions do not seem as simple as with the ketones. 

benzyl oxide proved to be moderately effective, but aliphatic esters and such 
d hydrocarbons as perylene had no action. The same sensitizers also bring 
the gelation of liquid isoprene and. isoprene emulsions in soap solutions in 
The resulting isoprene rubbers give iodine numbers of 94 to 99 per cent 

theoretical, but with evolution of considerable quantities of hydrogen iodide. 
Liquid styrene is readily polymerized to solid styrene resin in glass in the 

ce of sensitizers in several days of exposure to a 200-watt lamp at room 
rature. In the presence of diphenyl ketone or benzanthrone at 60-70°C. and 
500-watt lamp, the change is complete in a few hours. The reaction pro- 

eeds two to three times as rapidly under cylinder nitrogen containing some oxygen 
is it does under pure nitrogen. Since it is oxygen in the gas phase that is 
fiective, it may be assumed that gelation begins at the gas-liquid interface. Such 
antioxidants as hydroquinone inhibit the reaction. The presence of “active oxygen” 

luting the irradiation of diphenyl ketone, phenylmethyl ketone and even of diethyl 
etone was shown by means of a benzidine-sodium chloride solution. Iron com-_ 
bounds (ferric chloride, ferric acetylacetonate, iron pentacarbonyl) do not accel- 
fate the photogelation of rubber solutions. Kirchhof1* also noted that when a 

BOD. > 90 ATT AG'. \ FOO 

Mojen 1?! found that no change in the viscosity of ordinary rubber solutic 
containing monochloracetic acid occurs in light when oxygen is rigorously exclud 
The same was true also of balata solutions containing acetic acid or its chlori 
substitution products. But with oxygen present, the rubber sols changed to | 
insoluble product even in darkness. The protective power of the natural an 
oxidants, which are probably basic, is destroyed when they are combined with act 
A benzene solution of purified gutta-percha irradiated in an atmosphere of hyadf 
gen gave on evaporation a white, unctuous, fragile product which melted to 
limpid oil at 90°C. On cooling, the latter gave a tough product like the origit! 
gutta-percha, so that heating was assumed to have destroyed the crystalline strut |. Fisher, H. L., and Gray, A. E., Ind. Eng. Chem., 18, 414 (1926). 

“ Pummerer, R., and Kehlen, H., Ber., 66B, 1107 (1933); Chem. Abs., 27, 6018 (1933). 

11 Mojen, H. P., Kautschuk, 13, 39 (1937); Chem. Abs., 31, 5214 (1937). ™ Kirchhof, F., Kautschuk, 28, (1927); Chem. Abs., 21, 1377 (1927). 
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benzene solution of phosphorus +s added to a rubber solution before expo 

irradiation produces a gel similar to that produced with dilute sulfur chloride 

gel is formed even sn tubber solutions which have previously been depolymer 

by light. If rubber-phosphorus solution which has been exposed to light bal 

gelatinized is evaporated and extracted with acetone, the resulting rubber is gj 3 

in physical properties to rubber vulcanized with sulfur chloride. Similarly tye, 

samples in which no phosphorus had been added gave only a weak, tacky Prod 

There is no change apparent in phosphorus-containing benzene solutions of oa 

exposed in carbon dioxide to daylight at 70-75°C. Without rubber present, 5 

zene solutions of yellow phosphorus deposit red phosphorus on exposure to it 

violet light or to sunlight, but rubber has a protective action so that in its prege 

this reaction does nét occur. The phosphorus photovulcanization occurrj EF -, eee . ioe 

rubber solutions in ultraviolet light resembles sulfur vulcanization in that ge] ; Fictor Henri is credited by Helbronner with having used ultraviolet rays as 

mation is greatly accelerated by zine xanthate. 
4 

In latex, polymerization by quinone is readily aided by irradiation.© At 99; 

air causes depolymerization, even in light. When portions of quinone and } 

were itradiated separately and mixed in darkness, no enhanced polymerizg 

resulted. It also does not result from the irradiation of latex alone. The phy 

chemical polymerization is not inhibited by an excess of hydroquinone, but ; 

greatly reduced by an excess of a dark brown oxidation product of quinone, wh 

may compete in absorbing the effective light. When a solution of rubber in b 

zene containing quinone is irradiated in the presence of air, there is maj 

S. 

“has beet observed that gasoline rubber cements exposed to sunlight in glass 

a cases became solvent-thin, although in a few cases gels formed.2° Carbon 

“ploride cements all formed rigid gels. The behavior of the latter is ascribed 

ayring DY ultraviolet light and by chlorine resulting from decomposition of the 

ant, Similar results were obtained at a slower rate in diffused light. Protection 

| e gasoline cements by red filters greatly prolonged the time required for them 

The higher the rubber content of a cement, the smaller is the change 

. , viscosity: 

4 VULCANIZATION 

Bas 1909-10 for the vulcanization of films made from solutions of rubber. 

her solutions vulcanized by ultraviolet are stated by Helbronner 24 to be 

tuble in the original solvent after they have been dried. Bernstein 22 proposed 

nizing rubber solutions containing sulfur by exposing them to the action of 

ayiolet rays produced by a quartz mercury-vapor lamp, the solutions being 

ead on a moving metallic ribbon. A solution of rubber ‘in benzene containing 

er cent of rubber, and sulfur equal to 10 per cent of the rubber, when exposed 

, film 0.5 mm. thick required forty to fifty seconds for vulcanization. Ordinary 

high temperatures, pressure or vacuum, air or inert gas atmospheres, may be 

depolymerization at room temperature, but irradiation at —80°C. leads to enhan d. ae ahora fi ee ae solution of Hevea plantation rubber with 

polymerization. 
| | er cent of Su 4 ae a film on a transparent quartz plate and covered it 

The addition of an inorganic cobalt salt or of cobalt resinate to a bem | oe pu z pla i is was exposed on both sides for forty minutes at a 

solution of rubber causes rapid depolymerization, which is accelerated by air mor’ a . to the Ba from a Heraeus lamp of three amperes and 110 

light.16 The effects of many antioxidants and accelerators upon the developmen ts. The : “4 - hee ae properties of vulcanized rubber and contained 

tackiness in rubber when exposed to a General Electric S-1 lamp have been de 6 per a i combined sulfur. Other experiments showed that the percentage 

mined by Blake and Bruce." 
a a E aa su # eae with the time of exposure to the rays. The deteriora- 

Irradiation of chloroprene by the 2537A line leads, after a long induction peri eo a oe % ae bi exposure to ultraviolet rays, observed by Henri, is 

to a polymerization in the condensed phase. A dark polymerization subseque on meee cuielly due to after-vulcanization.” Stern 2 a ig ee 

ensues.18 Butadiene shows little tendency toward photopolymerization and a ae opanies by some depolymerization. Ostromuislenski 7° 

quantum yield in the mercury-sensitized reaction is only unity. This compo zt a al ane 0 a the rays activate sulfur by converting it into 

admixed with methyl methacrylate inhibits the photopolymerization of the la ; : i ee oF is then affected partly by the latter and partly by the 

hich in the absence of this inhibitor has.a quantum yield of about one hund i 27 sc dint » 

No indication of a cis-trans transformation by ultraviolet could be found to Pohle, irradiation of a supersaturated solution of sulfur in rubber, 

Meyer and Ferri,” although they state that light effects a kind of “vulcanizat ae men. results in asec of the sulfur. The effect, which is due 

by irregular polymerization. When solutions of 1. g. and 2.5.2 OL coagulated i ee The hee ie ollowed ultramicroscopically by a quartz ultra- 

in 100 ce. of cyclohexane were irradiated in a quartz flask in oxygen for ten hi Bene we ae mi particles depends on the intensity of the light and on 

at 5 cm. from a 300-watt quartz mercury arc, elastic gels insoluble in solv 2 posure. Long exposures or high intensities give dense, fine, blue 

were formed. These were similar to products obtainable by the addition of st 
| 

amounts of sulfur chloride. Dry gels formed in the absence of oxygen had 

mechanical properties of a feebly vulcanized rubber. It is believed that in 4 

gels, the original rubber hydrocarbon chains are oriented in a three-dimenst 
j 

en C. K., Ind. Eng. Chem., 26, 170 (1934). 7 
~Helbronner, A., India Rubber World, 130 (1914); not ] & | 
0} . y d t. : Z ; S Zentralbl, 326, (1914) ; Kolloid Z., 4, (1913); French P. 460,780, ae a PCO eta Men aa 
in meiritisn PF. 17,195, July 26, 1913; U. S.. P.'1;240,116, Sept? *11, 1917. ' 

ise (sia)? a: Frank. Inst., 345, 1913. Note also Helbronner, A., and Bernstein, G., Rubbe 
2" (1925) es 0 aed et Gutta-Percha, 12, 8720 (1915). Green, H., Ind. Eng Chem 17, 

used the ultraviolet microscope in connection with a study of-vulcanized latex globules: 
© also Lucas, F. F., [Ind. En a , F. F., [nd. Eng. Chem., 30, 146 (1938)] for ob 
_ . W., Technology Rev., 40, 172, 188, 190, toa or: aes say wre aaa ous a 
: ia E., Chem. Ztg., Rep. 422 (1913). 

0) i 7 ign islenski, I. L., J. Russian Phys. Chem. Soc., 47, 1892-1898 (1915); J. Soc. Chem. Ind., 

15 Spence, D., and Ferry, J. D., J. Am. Chem. Soc., 59, 1648 (1937). a 

16 Krauz, C., and Franta, L., Rubber Tech. Conf., London, Preprint No. 13 (May, 1938); : 

Abs., 32, 8169 (1938). 
val 

17 Blake, J. T., and Bruce, P. L., Rubber Tech. Conf., London, Preprint No. 21 (Mays = 

Chem. Abs., 32, 8833 (1938). eh eee en eer Cope vane 

18 BS ille, H. ., Rubber Tech, Cony., Lonaon, oes eyeri , 7 

San ee. 2, Boe 938). - : | com 9 (1924). D. J., and Wijnand, P. C., British P. 208,167, Dec. 24, 1924; Chem. Abs., 18, 

19 Meyer, K. H., and Ferri, C., Helv. Chim. Acta, 19, 694 (1936); Chem. Abs., 30, 6 " Pohle, 

Rubber Chem. Tech., 9, 570 (1936). 
i H., Naturwiss., 15, 162 (1927); Chem. Abs., 21, 1904 (1927). 
n 
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dispersed fogs and short exposures give a smaller number of more rapid] 

droplets. The smallest effect, one to five particles, resulted from an e 

01 second to a 5-ampere lamp. The sulfur particles are apparently liquiqg m2 

sensitivity to light is diminished by the presence of substances which absorp The 

or violet rays. The sulfur then appears only at the surface. This effect of bas 

is also inhibited by even the slightest vulcanization of the rubber, and it cay thal nt 

fore serve as an indication of the vulcanization process. The effect igs obs << 

as far below the surface as the light penetrates. | “tved 

iolet light, ther 

ys Tow 

<Posure ¢ 

During the vulcanization of rubber by phosphorus in ultrav 

appear after prolonged illumination of the optically empty rubber-phosphor € 

benzene system, glistening phosphorus particles 0.5 to 2.1 in diameter,28 7a 

formation of nuclei by ultraviolet has its analogy in the transformation of yell 

to red phosphorus. A similar turbidity appeared on ultraviolet illumination a q 

carbon disulfide solution of sulfur containing piperidine pentamethylenedithio. 

carbamate. a 

Kirchhof also states 29 that vulcanization of rubber in ultraviolet light by tri 

nitrobenzene or picric acid, especially the former, yields results comparable wit 

those of cold vulcanization. These products, like ordinary vulcanizates, showy 

strong absorption of ultraviolet radiations. | 3 

In producing lustrous spread rubberized material, Ditmar 30 spreads the materia]: 
in the usual way with a benzene solution of a mixture containing crépe rubber | 

100 parts, colloidal sulfur 3.5 parts, tetramethylthiuramdisulfide 2 parts, Sulzip 

(i.e., zinc sulfate-5 NH3), 7 parts, anhydrous sodium thiosulfate 2 parts, selenium 

red 1.8 parts and titanium oxide 2 parts. It is then led directly under a battery 

of quartz mercury lamps, the exposure being for five minutes at a distance of 

8 cm. Complete vulcanization results with the production of a non-tacky rubber 

surface of high lustre. : gf 

It was necessary to carry out the process of Bernstein 31 in an inert gas of 

in vacuo to prevent oxidation by the ozone. But when tetramethylthiuramdisulfide 

is used as an accelerator to minimize the curing time and exposure, and with 

selenium red as a protective agent, it is possible to cure the spread material in air, 

Ditmar 32 also showed that ultraviolet radiation has itself an oxidizing action on 

accelerated. rubber mixtures which predominates over the vulcanization. There 

fore, from a practical point of view, satisfactory vulcanization is possible only when 

a red or yellow protective pigment, such as selenium red, is added. With an acti- 

vator like zinc oxide present in an accelerated mixture, ultraviolet radiation brings 

about vulcanization in a short time. The duration of the exposure must be care 

fully controlled to prevent oxidation, under-curing or over-curing. Ultraviolet 

radiation has the most favorable effect on rubber mixtures accelerated by tetra- 

methylthiuramdisulfide and containing an activator. Surface vulcanization is com- 

plete in four and a half minutes without oxidation even in the absence of a pro- 

tective red pigment. } : 

Surface vulcanization by light is regarded as a true vulcanization process since it 

has been proved that sulfur must be present. It is believed that the sulfur is acti- 

vated by the radiation and then enters into reaction with the rubber.°3 Ditmar and 

28 Kirchhof, F., Kautschuk, 184 (1927); Chem. Abs., 21, 2819 (1927). 
29 Kirchhof, F., Gummi-Ztg., 44, 252 (1929); Chem. Abs., 24, 750 (1930). 

80 Ditmar, R., Gummi-Ztg., 43, 1172 (1929); Brit. Chem. Abs., B, 294 (1929); Chem. Abs, 23, 

2602 (1929). : 
81 Bernstein, G., German P. 262,708, 1912. 

22 Ditmar, R., Gummi-Ztg., 43, 1172, 2325 (1929); Chem. Abs., 23, 2602, 4374 (1929). 

38 Ditmar, R., and Griinfeld, O., Gummi-Ztg., 43, 2801, 2859 (1929); Chem. Abs., 23, 5612 (1929) 

of thermal rather than 

acetone or alcoholic soda solution. 
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Binfeld find that, when about 3 per cent of sulfur is present, the addition of i be 

“zelerators can be completely dispensed with. Indeed, many organic acce ie : 

4 have an unfavorable action. In most cases, Vulkan colors give excelell 

pe des of color under these conditions, and in combination with other wei par 

sha nic colors. such as selenium red or methylene blue, all kinds of colors an 

: can be obtained. In general, ultraviolet vulcanization can be effected in 

gone? to eight minutes at 20-90°C., depending upon the support on which the sample 

4 the shortest times being obtained on glass. This influence of the support 

Be ently depends upon its heat conductivity and heat capacity, for the higher 

a mremperattire prevailing during the process, the more rapid its Aneel arsul 

© Formulas of blue, green, orange, red and brown rubber mixtures whic wi ‘ 

in seven minutes at a distance of ten cm. from the ultraviolet source are given Dy 

a 34 

a. | Sa ot he Goodyear Tyre and Rubber Co.35 the appearance and dirt- 

Being qualities of vulcanized rubber are claimed to be improved by exposure to 

4 BS esumption that the increase in the electrical conductivity of hard 

“wubber on exposure to light and air is a result of the formation of a oes Ri 

“antaining acid, Fry and Porritt 8° carried on experiments to ascertain the mecha : 

om of its formation. It was found that hydrogen sulfide is evolved, the rate o 

# tion being the greatest in direct sunlight. This may, however, be the result 

ww light action. This evolution of hydrogen sulfide results 

from a decomposition of the rubber-sulfur compound and occurs in TBS eines wv 

free sulfur, resins, oxygen and water vapor. Its rate increases with a fis 

temperature. 

Ultraviolet vulcanization has ‘been employed in the production of surface designs 

on rubber.27 A surface of a rubber sheet to be etched is vulcanized by the action 

of ultraviolet rays or by sulfur chloride, a design is formed on the surface ane as 

etch-resist may be incorporated with the inked parts. A mixture of nitric ve om 

potassium dichromate is used for etching and the etched sheet is washed wit 

Silex and fat-containing fillings should not be 

} i ber. 

BP eiracel ma sate 88 state that when strong reducing agents, such i a nee 

sensitive silver bromide gelatin, are mixed into the rubber, it is possible nen 

designs or pictures directly by exposure to the light. They do not aaptal a 

suggestion of Defries and Naunton that 4 discoloration on irradiation is the : : 

of an over-vulcanization produced by light on the surface. When four ah ee 

each containing rubber, lithopone and zinc oxide, and the first also sul i a e 

‘second, accelerator; the third, sulfur and accelerator, and the fourth, no a sate 

were exposed to sunlight for thirty minutes, the first and fourth mixtures S
ah 

unchanged, but the second and third became discolored to an equal extent. E is 

indicates that the discoloration depends only on the accelerator and has no irect 

relation to the state of vulcanization. The accelerator thus behaves like a reducing 

agent. 
| 

| 

84 Ditmar, R., and Preusze, K. H., Caoutchouc_& gutta-percha, 26, 14,762 (1929); Gummi-Ztg., 43, 

219 (1925) Bri. Chem. Abs, Bs oes oo iavear Tyee and detper Coy French P. 749,642, July 
27, 1933; Chem. Abs., 28, 685 (1934). 

yee 

il itt, B. D., India Rubber J., 78 307, 309 ; 

ot oc. Bon 4a, Oct. 14, 1924, to Soc. @ Exploitation des Procedes d’Impression Sardou; 

Abs., 20, 3590 (1926). 2270. (1929) ; Chem. Abs., 23, 4370 (1929) ; Ger- 

. gts at ey iris W., Trans. Inst. Rubber Industry, 4, 298 (1928): 

2 
Chem. Abs., 23, 2068 (1929). 

23, 5613 (1929). 
Chem. 

P., Gummi-Ztg., 43, 

R., and Naunton, 
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be Be color of faitly, the particle size. Well-vulcanized rubber shows a 

allow fluorescent color of fairly strong intensity, but decidedly undercured rubber 

qyoresces ony slightly. Rubber loses its fluorescence almost completely after an hour 

fp direct sunlight. For this change, oxygen is not essential. In general, no definite 
B tion is apparent between the optimum physical properties of rubber and the intensity 

its fluorescence. 

eee ee eht also be employed in judging the progress and uniformity of 

plea it The light emitted by mixtures containing three to eight per cent of sulfur 

acreases with the state of vulcanization. The fluorescence changes are accelerated by 

oxide.” With ten per cent or more of sulfur, when semi-ebonites are formed, the 

Fluorescence of Accelerators. Various accelerators are readily distinguished p, 4 

characteristic fluorescence colors in filtered ultraviolet light. When present alone +, 

crépe, some of them may be detected by this method.” Even when some other in < ay Dal 

such as sulfur, zinc oxide, magnesia, lead oxide, etc., are present, it is possible aa ent 

cases, to distinguish a characteristic appearance. However, with several AE ‘2 Som 

present, the fluorescent effect varies with the different combinations, and only whewtent 

composition of the mixture is known can the method be employed for the detectin ih 
accelerators. Characteristic colors are also obtained after vulcanization, althoy a 0: 

are different from those observed in the same mixtures prior to vulcanization ® 1e 

approximate quantity may be judged within +5 per cent if the fluorescent light £4 ng 
OY 

filtered ultraviolet is passed through an actinometer containing a triphenyl : 
( . meth -r : in ¢ 

Ditmar “* has listed the fluorescence colors of a number of accelerators. The cha dye iT a aac 4 ees Aaa ad pe ret ESL TS > eee 

fluorescent color on prolonged irradiation is also of significance. SE ¢ ral, show es a strong fluorescence, greenish 
rubber and sulfur mixtures and yellowish-green for accelerated mixtures. Excessive 

‘ercuring may make the, fluorescence yellow. The fluorescence of Neoprene also 

creases during vulcanization without sulfur but less markedly. than in the case of 
“ibber. Oberto has also described the changes in fluorescence of vulcanized rubber 
Baring aging, natural or artificial. In. the initial stages (one minute in sunlight), it 

-hanges tO violet, even peor an alteration of mechanical properties can be noted. Later 

and lithopone. Even when the rubber mixtures were made dark gray by the addition ¢ it | a SIE ina he geese cy tae ate Ses ve aula nica k 

carbon black, the individual samples containing zinc oxide could still be distinguish ¥ tent @ mplicate the fluorescence effects er ak lige Saal OS TNs 

In lithopones, the range of colors was not so great, the samples appearing deep violal may comp ea Beat 

pale violet, brown or almost white. An examination of rubber imperfectly mixed with g 

zinc oxide and lithopone revealed the characteristic colors of the two pigments ie 

indicated the possibility of determining the distribution of powders in rubber mixtures 

The lithopones which appeared deep violet were the most nearly sunproof. Those whi 

appeared white darkened the most rapidly. In filtered ultraviolet light, however. ¢, 

latter were resistant, iridicating the radiation responsible for the darkening to he a 

wave-length shorter than that transmitted by the filter used (3300-3900A). Mineral off 

and Vaseline were fluorescent and phosphorescent, coal-tar showed a faint, yellow-brow. 

fuorescence and sulfur assumed a bronze color. In the form of bloom, it can be readiy 
distinguished by this method. Addition of 1 per cent of coal tar to a black rubber mix 

ture changed its appearance in filtered ultraviolet light from very dark violet to gray 

blue. Various tire sections appeared violet, brown-violet, blue, green, yellow and brown 

red, since various other added substances exhibited characteristic fluorescences.@ 

Kirchhof 44 reported similar observations, but differed from Nagle in believing th 

purest grade of zinc oxide to be sulfur-yellow. Since zinc sulfide gives a bright orange 

color, the fluorescence of lithopone varies with its zinc sulfide content. Among aliphati 

substances, vegetable and animal oils, fats and waxes and paraffin hydrocarbons shoy 

characteristic colors. Phenols and aromatic acids exhibit particularly bright colors, the 

intensity apparently increasing with the complexity of the ring. Nitro- groups weaker 

the fluorescence. Dyes, accelerators and antioxidants are also distinguished by character 

istic colors in this manner. The differences in the appearance of various rubbers i 

filtered ultraviolet depend chiefly upon material which can be extracted by acetone. It 

was suggested that the method might be of value in following the natural or artificia 

aging of rubber mixtures by oxidation. 7 ; 

Ditmar “ employed the method particularly for the study of accelerators. The colot 

of mercaptobenzothiazole, for example, varied with the manufacturer. Kojima am 

Nagai *® reported observations on 41 such substances. Morris ** considered especial 

the substances important in American manufacture. The personal element plays a 1 

part in the recording of the colors, so that it is necessary to have standard samples 
° Ls | 

available for comparison. Morris believed the color variation in samples of zinc oxid 

Nagle“ employed this method for the study of the pigments used in the indy F 

InNthe examination of eight grades of zinc oxide mixed with glycerol, one appeareq hey 
gh 

one light gray-green, one light green-gray, two orange-buff, one bright apr. 
ne pale dull violet and one deep violet. After having been kept ten minutess oe 

white heat, all were green. The same distinctive shades were visible in rubber mixta 

when a small proportion was used in vulcanizing the rubber with sulfur, accelerata 
0} 

LIGHT AND THE OXIDATION OF RUBBER 

Jn reviewing this topic, Shepard, Krall and Morris 5! state that as early as 
1865, Spiller 52 proved that oxygen functions in the change undergone by strained 
‘rubber in light. Burghardt ** believed that light alone would injure perfectly good 
normal vulcanized rubber only when acting in conjunction with other destructive 
agents. Fickendey °* showed that samples exposed to direct sunlight in sealed 
tubes in hydrogen, nitrogen and carbon dioxide remained unchanged for weeks, 
‘although rubber exposed under oxygen became sticky. Ahrens,®® Peachy and 

‘Leon,*® and Henri °* considered sun-checking or sun-cracking an oxidation process 

aided by both light and heat. 
_ Asano *8 observed that when rubber is exposed to ultraviolet light under carbon 
dioxide, nitrogen or hydrogen, it is converted into two products of much the same 

~ composition. One was a white, opaque, brittle, polymerized substance, insoluble in 
: benzene. The other was a depolymerized, tacky product of reduced viscosity. 
Similar behavior was observed during exposures in air. Asano believed that radia- 
_ tions longer than 3100A had no significant effect, and that these physical and 
chemical changes were most rapid and profound under the influence of wave- 
: lengths between 2250 and 2000A. Some dyes, however, sensitize rubber to longer 
_wave-lengths. These changes were largely independent of oxidation, which 
; occurred to a considerable extent only in sunlight, and caused tackiness, followed 
: by brittleness. The ultimate products were insoluble in boiling benzene, chloro- 

form, alcohol or acetone, and contained 14.6 per cent of owygen. The action 

48° : , ; For a general review of fluorescence tests for rubber, see Hauser, E. A., and Le Beau, S., 
Kautschuk, 1 «| te 

se icas’ Be acid ‘Biden. “We Chet: Zip..'sd, gee coz): CinnntYtg., 42, 1415 C928% a uk, 10, 113 (1934); Krahl, M., Kautschuk, 159, 180 (1927). 
# Oberto, Gomma, 1, 157 (1937); Chem. Abs., 32, 3198 (1 

; ; ‘ ‘ ; ? 9 ‘ ae 9) . ” 938 . 

40 M. L. P., Rev. gen. caoutchouc, 6, No. 53, 9 (1929); Chem. Abs., 23, 5612° (1929). a Miteetin, S.. Rubber Tech. Conf. ‘London pon dnid aoe uy poe , iy 

41 Ditmar, R., Chem. Ztg., 52, 730 (1928); see also Garner, T. L., [India Rubber J., 77, 31 (1929) Bi Shepard. N. A. K ‘ dee 0. 7), May, ; Chem. Abs., 32, 8212 (1938). 

Chem. Abs., 23, 1772 (1929)1 for the identification of antioxidants by this method. — rall, S., and’ Morris, H. L., Ind. Eng. Chem., 18, 615 (1926). 

2 Nagle, P. G., Trans. Inst. Rubber Industry, 3, 304 (1927); Chem. Abs., 22, 1251 (1928). es... a J., J. Chem. Soc., 18, 44 (1865). | 

43 Nagle, P. G., Rubber Chem. & Tech., 1, 284 (1928). ; , c Fiche, - ies J. Soe. Chem, Ind., 2, 119 (1883). 

recat hea F. Kautschuk, 4, 24 (1928); India Rubber J., 78, 791 (1928); Chem. Abs., 22, 2% é :... ef “= ee! Z., 9, 81 (1911). 

(1928). 
; ‘ ns, F., Kunststoffe, 3, 478. 

4 Ditmar, R., Caoutchouc & gutta-percha, 28, 15,685 (1931); Chem. Abs., 25, 6017 (1931). | a a Peachy, S. J., and Leon, M., J. Soc. Chem. Ind., 37, :56T. (1918). 

id Kojima, K., and Nagai, I., J. Rubber Soc. Japan, 2, 260 (1930); Chem. Abs., 25, 3871 (1931) ot V., Caoutchouc & Gutta-percha, 7, 4372 (1910). 

47 Morris, V. N., Ind. Eng. Chem., 26, 107 (1934). : “Asano, K., India-Rubber J., 70, 307, 347, 389, 395 (1925); Chem. Abs., 19, 3616 (1925). 
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involved an initial depolymerization, with subsequent accelerated oxidat 
depolymerized product. The oxidation was induced by wave-lengths sh 
5000A, and the depolymerization by longer wave-lengths. Elimination of 

n size and number, but the surface between the cracks remained unchanged 
ion of , : idati 1 ‘ rolonged exposure. This type of oxidation, due it was believed to 
Orter + Ent on P 
the ine . characterized by extreme rapidity and by a negligible increase in weight.® 

red ae ae wet ine did not alter the action of sunlight. The Intensity of a ne, 4 ozonizing tests, it was necessary to reduce the concentration of ozone to 

Siete the rapidity of the changes. Asano also alluded to the deleterious acd hy Bone part in 50,000 of air in order to reduce the speed of cracking to a point 

“which observations could be accurately made. Surface oxidation appears to be 

fe extent an efficient protection against even a relatively high concentration 

th since this cracking was not observed in samples which had been exposed 
ees from the lamp. Checking can be retarded by catalyzing the surface 

Bion by means of copper salts.65 Compounds containing zinc oxide are more 

a rotected than pure gum type compounds. 
I ne basic components of the acetone-soluble material from rubber account for 

» antioxidant effect of both rubber and balata, according to Bondy and Lauer.® 

Bm acids, amino-acids and bases of the serum and phenols have a slight anti- 

dant effect. The neutral components and acid amides are inactive in this 

spect. Heating rubber or balata resin at 120°C. increases its protective 

tion against ultraviolet light. Those rubber solutions which had the deepest 

‘own color had the least tendency to autoxidize. Further experiments showed 

at a dye present in the rubber retards autoxidation by absorbing the active radia- 

as, Tests of known dyes proved that some have a marked protective action by 

nternal filtering, but others were only slightly protective, | 

~ Bondy,® irradiated purified balata in the solid state in air with sunlight and 

vith ultraviolet light, determining the extent of autoxidation by measuring the 

jscosity of Tetralin solutions of a concentration corresponding to 0.2 molecule of 

isoprene, before and after irradiation, i.e., by the general method of Staudinger. 

Rubrene and dehydrorubrene had almost no effect on the reaction. Bidiphenylene- 

ethylene and @-naphthoquinone were active antioxidants, but anthraquinone showed 

strong prodxygenic influence. Paraquinone had no effect and acenaphthenequinone 

almost none. Aldol-g-naphthylamine as well as an acetone extract of rubber had 

weak, and phenanthrenequinone or g-naphthoquinone strong polymerizing influence. 

The most highly colored compounds were the strongest antioxidants. Aldol-a- 

naphthylamine reduced slightly the polymerizing action of g-naphthoquinone. 

_ When balata in solution was irradiated, rubrene and dehydrorubrene were dis- 

tinct prooxygens, whereas bidiphenylene-ethylene and an acetone extract of rubber 

were without influence. Passage of the light through a toluene filter had no 

influence on its oxidizing action on balata or acetone-extracted rubber exposed to 

the air. All substances which acted as antioxidants when added to the rubber 

showed the same property when employed as external filters. Azobenzene and 

‘a-benzeneazo-8-naphthylamine also prevented autoxidation and g-naphthoquinone, 

phenanthrenequinone and alizarine retarded it greatly when their solutions were 

‘used as filters. A colored substance which absorbs active radiations inhibits autoxi- 

de tion only if it is soluble in balata or acetone-extracted rubber. The antioxygenic 
“power of an acetone extract of rubber depends in part upon its brown color, for 
even in very low concentrations, e¢.g., 0.1 per cent in toluene as a light filter, it still 
Tetarded autoxidation. This does not mean, however, that the antioxygenic power 
depends only on the colored components. By means of filters, the spectral region 

- Williams °° definitely showed that 5 grams of emery-wheel buffings of . — j 
gum inner tube absorb oxygen more rapidly in sunlight (0.93 cc. per hoy a 
in darkness (0.13 cc. per hour). Light had, however, little effect upon a the 
strips of the same rubber. The success in the case of the buffings was ic. 
fact that the fresh surfaces clung together in such a manner as to keep a 4 q 

particles in a strained condition. : 1 
It was claimed by de Jong ®° that in a quartz vessel exposed to sunlight ; 4 

Dutch East Indies, a benzene solution of crepe rubber absorbed a consi \. 
volume of air. In later experiments with less intense sunlight in Holland 
same process occurred behind glass, but less rapidly. In eight days, 25 ¢¢ . : 
were completely absorbed by 325 cc. of solution. de Jong claimed also that all 
six days of exposure in sealed tubes under nitrogen, a 1.05-per cent solute 
rubber in benzene absorbed 2.5 per cent of nitrogen and that the absorption an i 
gas by the hydrocarbon from balata gutta-percha after purification with oetral ‘ 

ether also occurs. However, nitrogen absorption by rubber has been deniea 
Howard and Hilbert.64 Dogadkin and Panchenkov ©? observed that on irradiatic 
of rubber solutions in nitrogen, the interfacial tension against water did not char 
“When irradiated in air, it was lowered and reached a constant value in two hous 

Bondy and Lauer °? found, in agreement with Staudinger and Leupold th 

rubber solutions do not autoxidize in darkness. In light, the solutions decompos 
in the same manner whether or not the natural antioxidant was present. There a 

no decomposition when the exposures were made in nitrogen; only in light ' 
air were positive results attained. | | 

Williams 5° also showed that the exposure of strips of a vulcanized gray side a 
stock stretched to an elongation of 5 per cent, and exposed in air or oxygen (b 
not in evacuated tubes) to July sunlight daily for two weeks appeared slight 
wrinkled. Upon releasing the strain, the wrinkled appearance became pronounces 
showing that a non-elastic skin had formed on the surface. The weight had increase 
slightly. The skin had a glazed appearance, was almost inelastic but not britt 
and was soluble in alcohol. The surface beneath appeared unchanged and 1 
decrease in tensile strength could be observed. Light-colored rubber will forr 
in some cases, a pronounced skin in two days of exposure to the sun. ; 

Tests by Williams with various colored filters indicated that the short wave 
lengths of visible light from a tungsten lamp were most effective in producin 
surface oxidation. “ White light produced the heaviest skin. The amount of ox 
dation was directly dependent upon the intensity of the light. A mercury lam 
placed ten inches from the strip elongated at about 10 per cent produced a pre 
nounced surface oxidation in three hours. If, however, the mercury lamp is place 
two to three feet from the strip no skin formed. Instead, after one or two hout 
small cracks began to appear in the surface of the rubber. These continued” 

\ 

Oy 

a 

3° also van Rossem, A., and Talen, H. W., Kautschuk, 7, 79, 115 (1931); Chem. Abs., 25, 5795 

a This could not be confirmed by van Rossem, A., and Talen, H. W., Kautschuk, 7, 79, 115 (1931); 

Chem. Abs., 25, 5795-6 (1931). 
Beondy, H. F., and Lauer, G. G., Ber., 66B, 1611 (1933). | 

“Bondy, H. F., Rev. gen. caoutchouc, 11, No. 1, 6, 9 (1934); Chem. Abs., 29, 4207 (1935). 

59 Williams, I., Ind. Eng. Chem., 18, 367 (1926). 

60 de Jong, A. W. K., Rec. trav. chim., 51, 133 (1932). 

61 Howard, L. B., and Hilbert, G. E., J. Am. Chem. Soc:., 59, 214 (1937). x 

. 8 Dogadkin, B., and Panchenkoy, G., Kolloid-Z., 65, 350 (1933); Chem. Abs., 28, 1890 (1934). 

6 Bondy, H. F., and Lauer, G. G., Ber., 66B, 1611 (1933). \ , 

\ 
| 
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F tin and Balandina 7 irradiated rubber with ultraviolet light under water which is active in autoxidation in sunlight was found to lie b 
~4800A. In this ultraviolet region, the activity was apparentl 
tributed. Sunlight and ultraviolet light were found to be similar 
of the fact that ozone is formed only by the shorter wave-lengt 
absent from sunlight. 

etween 3009 . Dogad flasks. Aqueous extracts were then prepared and tested for oxidation 
y uniformly 1 quart hich at 100°C. reduce gold salts to rose-colored colloidal gold. Unexposed 
in effects, in spi oducts W and smoked sheet gave no reduction, but after ultraviolet irradiation 
h ultraviolet jj, ae educed gold chloride. In each case on continued irradiation the concen- 

: ey a Botinidal gold increased to a maximum and then diminished. The elec- 
The rate of oxidation of vulcanized rubber in ultraviolet light and air ation ° ductivity of the extracts, after diminishing slightly to a minimum: after 

increases with the time of vulcanization. It is greatly increased by extraction a rical con Stiod of irradiation, increased continuously. | 
acetone. It varies greatly with the kind of rubber, vulcanized crepe oxidizing a certain P and Naunton 7! investigated the effect of sunlight on the color of cured 

- Pefries more rapidly than vulcanized Para rubber, probably because ultraviolet l a 
nc unc 

d accelerated mixes. Rubber mixtures containing crépe 100, zinc oxide | 
trates the former much more readily than the latter.68 The difference j ‘eh : 18 . * 4° ° 

a lfate 100, and«sulfur and accelerator (diphenylguanidine, di-o-tolyl- nN the t E ; - i ; i 7 ae { su b ‘ sae of. oxidation of unextracted and extracted vulcanized rubber is probably Close] ee triphenylguanidine, mercaptobenzothiazole, thiocarbanilide, aldehyde- related to the condition of the sulfur and to the absorption of ultraviolet light ia anil a Se amethylthiufamdisulfide. and zinc diethyldithiocarbamate ) were 
it is known that ultraviolet light is completely absorbed by a vulcanized mixty ae to ultraviolet light. With all accelerators, exposure before curing gave which reflected it before vulcanization and that carbon disulfide contaj xpose ning Sulfyy e effect, but, when cured, the previously exposed samples were much absorbs ultraviolet light while carbon disulfide alone transmits it, _ This suggest, . on ones not so treated before curing. These darker samples could not 
a means of determining whether sulfur is chemically combined or in solution an, dark htened by irradiation. Ultraviolet light induces oxidation of the vulcani- 
suggests that chemical combination occurs during vulcanization. J be lig : = F 4 : The Prima a yellow products of oxidation in ultraviolet light are converted by boiling dius 
sulfuric acid to the ‘same brown substances which are obtained on oxidation ;, 
darkness at 70°C. The immediate onset of oxidation in ultraviolet light ig # 
contrast to the induction period in oxygen alone. The gain in weight occurring 
during the oxidation in ultraviolet light ceases long before the oxygen reaches the 

: When the samples were undercured, a second exposure to light intensified 

ening. The results indicate, first, that exposure of uncured samples causes 

i rface vulcanization, second, the discoloration is an effect of a surface overcure 

Be ced ‘by normal vulcanization superimposed on an already slightly vulcanized 

Bae and third, bleaching of vulcanizates by light results from oxidation, since 

x ; ie: i + can be minimized by exposure in an inert gas and can. be produced by stauee ck 
proportion represented by C;HgO. The rate of oxidation of vulcanized rubber jr swents. When, however, there is an excess of vulcanizing agent to permit a ter 
ultraviolet light and air at 40° to 45°C. is about three times that in air at 7 0°C um nization, a subsequent exposure induces further darkening instead of bleaching. 
darkness. j vt ization | 

an Kirchhof 6 later used the ability of the natural water extract of raw rubber ACCELERATED WEATHERING TESTS 
to reduce an ammoniacal silver nitrate solution at room temperature in detecting 
the effect of light on rubber. After a brief exposure to light, crépe still reduces 
the reagent with dispersion of silver throughout the rubber, whereas water 
extracted crépe or crépe bleached with sodium bisulfite does not reduce the reagent. 
After prolonged exposure crépe no longer reduces the reagent, because light in 
conjunctign with oxygen destroys the reducing substances (probably sugars), 
There is also a bleaching effect, perhaps because of the formation of hydrogen 
peroxide. Ultraviolet light has the same effect as sunlight, except that there is a 
yellowing instead of a bleaching, perhaps because of peroxide formation, 

In sunlight and ultraviolet light, purified gutta-percha slowly turns yellow and 
on treatment with ammonia-silver nitrate turns brown because of peroxide forma- 
tion. Samples of pale crépe with no reducing action were immersed in solutions 
of hydroquinone, phenyl-g-naphthylamine and the commercial antioxidants, Para- 
zone ND and MB, dried in darkness, and exposed to ultraviolet light. There was 
no visible change except with the phenylnaphthylamine in which case yellowing 
occurred. On treatment with ammonia-silver nitrate, there was reduction with 
hydroquinone and Parazone, while with the phenyl-g-naphthylamine and Para 
zone MB, there was no reduction, even by the unexposed part. Since hydro- 
quinone and Parazone have a marked protective action on rubber exposed to light, 
this action is related directly to the reducing power. The stability of hydroquinone 
and Parazone toward light accounts for the continued protective effect at low 
concentrations. 4 

ai. Artificial aging of vulcanized rubber was thought by Pelizzola tT to be identical 

with natural aging, from both chemical and physico-mechanical points of view. 

“Asano ™ directed experiments toward an understanding of the fundamental proc- 

esses involved. As an aging test, he recommended that samples be maintained at 
71°C. ina steady current of air and at the same time be exposed to ultraviolet light 

until the changes are of sufficient magnitude to compare the stress-strain curves 

and the chemical composition. By this test, rubber-insulated wire cracked after 

“an hour, although it remained unchanged after fifteen hours in darkness.” 
f It must be noted that light is but one of several aging factors employed in 
accelerated aging tests, although it is the only one requiring mention here. 
~ Jecusco 7 placed a Uviare in the accelerating cabinet 7 cm. above the reel which 
held the samples of rubber so that its rays fell at right angles to the narrow part 

_ of dumbbell samples held by clips. The oven was of a standard construction 
3 feet deep, 5 feet high and 4 feet wide, with walls filled with 2-inch asbestos and 

air insulation. It had a specially constructed wooden reel, 24 inches in diameter 

. 10 Dogadkin, B., and Balandina, V., Kautchuk, 9, 146 (1933); Rubber Chem. Tech., 7, 18 (1934); 
_ Chem. Abs., 28, 4936 (1934). Bi 

_  “Defries, R., and Naunton, W. J. S., Trans. Inst. Rubber Ind., 4, 298 (1928); Chem. Abs., 23, 
2068 (1929). 
_ +® Pelizzola, C., Giorn. chim. ind. applicata, 4, 458 (1922); Chem. Abs., 17, 1559 (1923). 
_ ® Asano, K., India-Rubber J., 70, 307, 347, 389 (1925); Chem. Abs., 19, 3616 bilge ie 

fee Asano, K. . Kyoto Univ., No. 3, 267, 1926; Gummi-Ztg., 41, 1576; Chem. Abs., 21, 2 
y M7. or ae et felts! is also Jacobs, S., Caoutchouc & gutta-percha, 25, 14,110 (1928) and 
Krahl, M., Kautschuk, 159, 180 (1927); Chem. Abs., 21, 2816 (1927). . . 

® Jecusco, F. P., Ind. Eng. Chem., 18, 420 (1926). Recent aging apparatus is described by Wal- 8 Kirchhof, F., Kautschuk, 239, 256 (1927); Chem. Abs.,, 21, 3766.(1927): meer, P., Rev. gén. caoutchouc, 14, No. 134, 26 (1937). ® Kirchhof, F., Kautschuk, 9, 70 (1933); Chem. Abs.,- 21, 4126. (1933). 
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puirietieanait nike tisk ton gr anonanmmmepinaiiene yr grst increased with the time of exposure and then decreased progres- 
: ‘ : 5 Ne in 1 78 

nue ciners Eva ie reel arian star bee type. This ee On g 7 test til it was but negligible. In comparative tests in which the samples were 
-p.m. nderneath a periorated Moor plate were enougn electyj " fy uD ok al 70°C., the strength decreased progressively from the 

units to give a temperature of 50 to 100°C., automatically controlled by i 7 ely heated eens e : | rine 4 
erp stat. Underneath the floor plates on either side of the oven were large adinwelll 

air shutters and baffle plates to admit the circulation of air through the a 
There was also a top vent with damper control. Cate 

When both light and heat were used, a sample gave twice as much 

jnpins mplicated tests have been devised. In one,” during each revolution of 

More t eight feet in diameter, the samples were successively submitted to 
pou ee ; at a ‘n water, desiccation by a hot or cold air blast, ultraviolet radiations, 

S : | 

extract as after the heat test alone. In the heat test there was merely:a prongall ne; - 80 exposed samples of vulcanized rubber to sunlight filtered through 

darkening at the end of 144 hours, but with light and heat, the sample began. SF four elass plates transparent to 2900, 3130, 3300 and 4360A, respectively. 
fog after three hours, a brownish tint began to appear at six hours, and at 

nine hours it was decidedly brown. After 21 hours the sample started to dagt 
not unlike a sample heated alone for 144 hours. It gradually became darkey ah 
39 hours when it threw a purplish hue over the brown. This colored coatin 7 
insoluble in all common organic solvents and in caustic soda solution. Even ai 
three hours, the surface was somewhat checked. This was pronounced at 39 hail 
It began to crack at six hours. A decided stiffening became apparent at 18 hoa 
and continued to the end of the test. The loss of weight was, however, decreas 
in this test. ” 

Other rays than those shorter than the 2250A (found active by Asano, wy 
used only raw rubber) were effective in the aging of vulcanized rubber, Ry, 
sunlight was effective. Sunlight appeared to act in spurts. At 90°F. the §; 
spurt from the cold Uviarc starts at the beginning of irradiation and continy 
until the breaking stress has been reduced from the initial 2260 to 1575 ths, » 
square inch (fifteen hours) after which the deterioration is slow. At higher tempe 
atures the spurts are more frequent and the delays shorter. The cause of the 

delays in the aging may be the formation of a protective coating. From filte 

experiments, it was concluded that green rays which have apparently no action ¢ 
fresh rubber, have a tremendous effect on oven-aged rubber. Infrared rays shows 

an effect on both fresh and “activated” rubber. Apparently all rays have an actio 
at some stage on the degradation of vulcanized rubber. The results seemed ¢ 
indicate that light did not give a quantitative measure of the. ability of rubbe 
to withstand weathering. ‘a 

Others, however, believed ultraviolet light to give a fair indication 76 of th 
ability of samples of raw or vulcanized rubber to withstand exposure to sunligh 
under natural conditions. The visible changes of individual samples are only rela 
tive and an adequate judgment of their aging properties requires the simultaneou 
exposure of samples of known aging properties. The ultraviolet light test is als¢ 
useful in predicting the behavior of dyes in rubber. | ‘a 

Krahl 77 found ozonized air to have little effect on sharply bent rubber mixture: 

unless they were simultaneously exposed to ultraviolet light. Then they soo: 

cracked at the bent sections. The resistance to such attack varies with differen 

mixtures. In general, dark-colored mixtures. crack sooner than light-colored ones 

and overcured mixtures crack sooner than normally cured ones. In the aging test 
Krahl exposed the samples intermittently to ultraviolet light so that their tempera 

ture did not rise to a point at which thermal changes become significant. et 

accomplished this by using a water-cooled rotating drum on which the radiation 

falls over one longitudinal section. The friction strength of insulating tapes ™ 

, effect of the unavoidable heating was studied in control experiments by air- 

a m70-/1°F. in darkness for 150 hours. The color of vulcanized rubber 

e darker by air-heating, but when exposed to sunlight at 60-70°F. the change 

io. was far more remarkable. The higher the degree of vulcanization, the 
. the change in color. Moreover, the rubber was hardened by the action 
hight: The shorter the wave-lengths and the higher the temperature, the sooner 

4 hardening occur. The action of the rays of wave-length greater than 4300.A 
ac very weak except in the case of overvulcanized rubber which was noticeably 

‘dened. The acetone extract increased with the time of exposure, the rate of 

arease being less the longer the wave-lengths used. In some cases, the acetone 
4ract reached a maximum and then decreased. It was considered that the 

screase in acetone extract was due principally to the oxidation of the rubber. 

he subsequent decrease, when observed, was attributed to the conversion of a 

art of the oxidized product into substances insoluble in acetone. The action . of 

sht and heat also caused a remarkable decrease in the free sulfur. The time of 

aicanization of rubber-sulfur mixtures had a marked effect on the aging properties. 

The deterioration due to sunlight was great even in winter and was very 

arked in the spring at 60°F. ‘The outer layers of test-pieces exposed to sunlight 

ere quite brittle and inelastic but the inner layers were still fairly good. Test- 

es stibjected to Geer oven tests showed but little difference between the outer 

and inner layers. “fs pes . 

Differences between the effects of sunlight and a quartz mercury arc were 
noted by Weightman 8! in the case of vulcanized mixtures, particularly those which 

tained reclaimed rubber. Some samples of the latter which failed in service 

‘comparatively resistant to ultraviolet rays. A violet carbon arc gave results 
e similar to those of sunlight. Temperature, humidity and air supply should 

e controlled during the test. | - 
_ McKee and Depew ® found that overcured mixtures become surface checked 
sooner than the corresponding undercured mixtures in the light test, although the 

erse was the case in darkness. Paraffin and’ zinc oxide retarded this action 

a The varied conditions under which rubber is used make it particularly difficult 
to find any one suitable artificial aging test. Bierer and Davis 83 believed that 

_ ®Krahl, M., Gummi-Ztg., 42, 965 (1928); Chem. Abs., 22, 1495 (1928). : 
n,  Hrench office nationale des recherches et inventiones, Rev. gen., caoutchouc, No. 29, 11 (1927); 
tnem. Abs., 21, 1899 (1927). 

, ~Yamazaki, T., J. Soc. Chem. Ind. Japan, 30, 804 (1927); Brit. Chem. Abs., B, 615 (1928); 
8 Soc. Chem. Ind. Japan, 31, 233, 243 (1928); ‘Chem. Abs., 22, 3066 (1928); Yamazaki, T., and 
me vyama, K., J. Soc. Chem. Ind. Japan, 32, 367B (1929); Brit. Chem. Abs., B, 250 (1930); Caoutchouc 
s Guita-percha, 27, 15,016 (1930). 3 | 7 
a Veightman, H. E., Rubber Age (N. Y.), 23, 75 (1928); Chem. Abs., 22, 2290 (1928). 

16 K, on Gummi-Ztg., 41, 417 (1926); Chem. Abs., 21, 510 (1927). | he R. 71., and Depew, Hi A,, Ind. Eng. Chem., 20, 484 (1928). . 

a ; Ppa, erer, J. M., and Davis, C. C., Ind. Eng. Chem., 21, 1008 (1929). See also Karpinsky, Z. 
Krahl, M., Kautschuk, 159, 180 (1927); Chem. Abs., 21, 2816 (1927). Preemys] Chem., 24, 202 (19373; Chem. Abs. 31, 8989 (1937). » Ly; 
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d atmospheres had a retarding effect. In artificial light (15, em. 
and saturate ia aaa: . ; Cae 

‘ie gas lamp), deterioration was slower than in bright north light, 
neither the Fade-Ometer (see Chapter 32) nor the ultraviolet light ica 

duplicate the effects of sunlight. ty a" 400-watt 

In the aging of rubberized balloon fabrics, according to Barr,’ there are a a the case of ebonite, the results were the same when expressed in standard 

tial differences between the effects of ultraviolet light and of tropical suti a measured by a photographic exposure meter. The low-grade hard rubber 

Iyosses-in tensile strength of the fabrics were similar, but though the permeabijs i sorated relatively less rapidly in artificial light, probably because of a recovery 

of the samples exposed to ultraviolet light remained unaltered, those exposed . “. resistivity value. Accelerated and artificial light aging tests cannot yet be 

sunlight became extremely permeable and their sulfuric-acid contents became ; a ted as criteria of true relative stabilities in sunlight. 

“a a 91 studied the influence on the sun-cracking of vulcanizates exerted by 
tively large. Ultraviolet light caused a disproportionately great deterioration 7 

the cotton, whereas tropical sunlight acted relatively rapidly on the rubber a. 
sulfur with the formation of sulfuric acid which in turn attacked the coil ; 
Organic dyes and inorganic pigments protect the cotton from sunlight, lead chil 
mate giving the best results. — 

“Turner ntities Of coloring matter too small to alter significantly the characteristics of 
an a nite base mixture. Inorganic and organic colors (both soluble and insoluble 
BE pber) including blue or black, red, green and yellow ones, were tested in two 

¢ of non-blooming white vulcanizate exposed under low stress (6 or 7-per 
Bf 

ani NE ratte 85 finds that in the light test the increase in acetone extract and 4 a elongation ) to sunlight. In all cases, surface cracking took place much sooner 

gain in weight are parallel up to an advanced stage of deterioration, so that 4 fan , coloring agent was present.» Next to white vulcanizates, the blue ones 
i a t to crack. The resistance of the white vulcanizates was attributed are the slowes 

| their ability to form a protective skin more readily than do the colored products. 

‘he coloring materials were thought to absorb wave-lengths which might other- 

fod be absorbed by the rubber and lead to the formation of the skin. A trans- 

cent vulcanizate absorbs more light than does a white one and therefore forms a 

srotective skin more readily than does a corresponding opaque one. This was 

own by the fact that a vulcanizate containing titanium dioxide cracked sooner 

han a corresponding one containing an equal volume of barium sulfate and having 

, more pronounced film. This may explain the beneficial effect of magnesium 

carbonate. | 
7 

i 

progress of the aging can be followed by the gain in weight. By the use of inte 

mittent exposures, it was found that at certain stages of the aging process yt, 
violet light accelerates a subsequent autoxidation in the air. a 

Tanaka, Kambara and Fujita 8* state that the original cold elongation of yy 

canized rubber is increased by exposure to ultraviolet rays.87 a 

Ebonite that had been exposed under glass for fifteen years to light show 
superficial cracking and masses of a whitish deposit.°* The majority of sample 
showed a content of combined sulfur greater than that corresponding to the formy}, 
C;HgS. The exposure appeared to have caused oxidation of part of the caoutchoy 

to “resins,” leaving a residue richer in sulfur. Certain of the samples containir 
organic softening ingredients such as palm pitch or carnauba wax had deteriorate 
less than the others. . a 

Exposure of semi-ebonite to ultraviolet radiations §® caused small increases jr 
weight with the formation of a very thin hard and lustrous skin. Exposure ou 
doors also increased the weight and brought about surface changes. The effect 
of antioxidant both on exposure to ultraviolet rays and outdoors were relativel 

small. : | a 

Following an induction period, the electrical resistivity of the surface of. low 

grade loaded hard rubber and ebonite on exposure to light, air and humidity drop 
rapidly. It reaches a saturation point at about 107 to 108 ohms, after which i 

continues relatively slowly.9° Ebonite, though initially superior to low-grade loade 

hard rubber, deteriorated more rapidly and to a greater degree. After remove 
from the light, the resistivity of the low-grade loaded hard rubber increased slowly 

The surface resistivity of ebonite was sensitive to the relative humidity during 

measurements, except during the induction and saturation stages.. When the rela 

tive humidity during exposure was varied, there was found a maximum rate 0 

deterioration of ebonite at 70-90 per cent relative humidity, indicating that bot! 

PROTECTION OF RUBBER 

; - According to Schopper,®? solutions of coumarin derivatives, e.g., a l-per cent 

solution of dimethylamino-methylcoumarin, may be used to absorb ultraviolet rays 

and protect the fabric of balloons from damage by sunlight. Jakowsky 9° calls 

attention to the opaqueness of the carbon black used as a reinforcing agent in 

rubber and notes the general belief that this property affords rubber of greater 

durability by preventing the penetration of light, especially ultraviolet rays, into 

Babber. | 
. Shepard, Krall and Morris % attempted to determine the influence of various 

compounding ingredients, including fillers, softeners, accelerators, and an anti- 

oxidant, on sun-checking. They stretched the rubber to an elongation of 12.5 per 

cent and obtained checking of susceptible samples within 24 hours, although 

unstretched samples were not checked for months when exposed to sunlight. 

Dumbbell strips, 5 mm. thick, stretched on frames, were hung by ropes from 
‘the roof where they could revolve in the wind. It was concluded that, through 

the proper selection of rubbers, reclaim and compounding ingredients, it is pos- 
sible to reduce to a marked extent the tendency of rubber products to check and 
crack. The maximum results from a checking standpoint would be obtained by 
‘using only those materials in compounding that are protective in their action. 

Unfortunately, however, selective pigmentation cannot usually be resorted to 
without the sacrifice of desirable physical properties. Carbon black, for example, 
Bi re ; 

a umer, H., Trans. Inst. Rubber Ind., 10, 21 (1934); Chem. Abs., 28, 7591 (1934). 

_ @Schopper, T., Gummi-Ztg., 29, 1250 (1915); Z. angew. Chem., 28, Ref. 644 (1915); J. Soc. Chem. 
Ind., 356 (1916). Z she . ts 8 i ree 
Chord mowsky, J. J., Bureau of Mines Tech. Paper 351 (1924); see also Bradshaw, H., Ind. Eng. 
Chem., 19, 1110 (1927). : 
“Shepard, N. A., Krall, S., and Morris, H. L., Ind. Eng. Chem., 18, 615 (1926). 

84 Barr, G., Trans. Inst. Rubber Ind., 5, 31 (1929); Chem. Abs., 23, 5350 (1929). Tests fon rubbe 

composition soles are described by Dock, E. H., Trans. Inst. Rubber Ind., 13, 160 (1937). 4 

8 Graffe, L., Caoutchouc & gutta-percha, 28, 15,714, 15,797 (1931); Chem. Abs., 26, 622, 1152 (1934 

86 Tanaka, Y., Kambara, S., and Fujita, H., J. Soc. Chem. Ind. Japan, 37, 522 (1934); Brit. Chem 

Abs., B, 1071 (1934). bay. a 

87 For further general reviews of aging tests, see Garner, T. L., Ind. Chemist, 7, 295 (1931); Mouret 

C., Dufraisse, C., and Lotte, P., Ind. Eng. Chem., 22, 549 (1930); Jackson, H., Trans. Inst. Rubb 

Ind., 10, 292 (1934); Chem. Abs., 29, 3871 (1935); Carpenter, A. W., India Rubber World, %, No. 

39, 44, 48 (1937); Saito, S., J. Soc. Rubber Ind. Japan, 6, 525 £1933). g 

88 Scott, J. R., Res. Assoc. British Rubber Mfrs., 5, 2 (1936); Brit. Chem. Abs., B, 338 (1936 

89 Gibbon, P. A., Trans. Inst. Rubber Ind., 10, 494 (1935); Chem. Abs., 29, 6468 (1935) 

90 Church, H. F., and Daynes, H. A., J. Rubber Research, 6, 13 (1937); Chem. Abs., 31, 5211 (1937 
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has no protective action, and even in small quantities offsets the protectj olored red or yellow to protect the mixture from light, and also that 

VE acti of other pigments; but for tread stocks this pigment is highly desirable for tou alloon® Bp aied on both sides with Revertex mixture. Coe 107 combines chloro- 

ness, resistance to tear and abrasion. Other characteristics, such as the p] ofl pe Been with rubber in such manner as to exclude all wave-lengths of light 

of certain protective materials, make their commercial application very dima pyll Bose transmitted between 5270 and 6500A.108 9 | 

There is little difference between the accelerators triphenylguanidine, diph “ul xcept Rubber to Other Materials. Livings and Lacey 199 described a 

guanidine and methylene-p-toluidine. Benzidine (the only antioxidant tes “na Bonding d of bonding unvulcanized rubber to metal, glass, or ebonite, by preparing 
: ted | 

to be added to the extent of 3.6 per cent to give complete protection for a » ha methor surface on the rubber by exposure to ultraviolet rays. Rubber so treated 
The solubility of a material in rubber plays a prominent part in its valye a : ee ased to bond together materials of dissimilar or similar nature, such 

protective agent. Mineral rubber and other asphaltic substances have no bene fe ; jay also 
may etal and wood or metal and metal. The rubber is finally subjected to pressure 

nd oe Bae ruldanized rubber compositions to metals, glass, molded phenol con- 

4 c. roducts, hard rubber, etc., Morse 11° inserts a sheet of rubber compo- 

ee taining a vulcanizing agent such as sulfur, zinc oxide and glue. To 

Be ficks one surface of it is previously exposed to light from a carbon arc 

E riod sufficiently beyond that at which the tackiness of the rubber may be 

. Bs It is inserted between the materials to be joined, with the unexposed 

ne of the sheet adjacent to the first-mentioned rubber composition and the 

Peet of rubber composition is vulcanized in place. | | | 

- Chlorinated Rubber. In a patent for the production of plastic products 

Men india-rubber, Dyche-Teague 111 states that rubber which has been thoroughly 

Bt merized by milling is dissolved in a suitable solvent (carbon tetrachloride or 

Be nc) and then chlorinated. Additional depolymerization prior to chlorination 

oe be effected by subjecting the solution to actinic light. Distillation removes 

Be colvent and hydrogen chloride. The reaction product, which may contain 90 

to 60 per cent of chlorine, forms fluid solutions which afford alkali- and acid- 

Pei acquers or paints. : 

oS a said vane chlorinated rubber prepared in the laboratory, besides 

being resistant to acids, alkalies, corrosive salts and strong oxidizing agents, 1s 

unaffected by ultraviolet light.11 ee | : 

In the preparation of chlorinated rubber 14° chlorine is introduced into solutions 

of rubber of a concentration of 2 per cent or less and of low viscosity, and the 

resulting rubber chloride solution is gradually poured into hot water in which is 

immersed a disintegrating apparatus whereby the solvent is evaporated and the 

chloride is reduced to the granular state. Prior to adding it to water, the solution 
may be reduced in viscosity by standing, exposure to light, or by the eee, of 

alkali. The time for chlorination is also greatly reduced by irradiation. Subse- 

quent to chlorination, the product may be further irradiated (sunlight or mercury 

arc) until the desired viscosity is reached. _ . 

By the use of ultraviolet rays, Floresco 115 increases the concentration of rubber 

effect. Rosin and pine pitch are detrimental. Vegetable oils have little effers 
Paraffin has a stronger protective action than Vaseline, but more than 2 per “a 
is necessary for complete protection. A light engine-oil is inferior to Vaseline 
Crude Montan wax is but little if any better than asphaltic softeners. W 7 
refined, it is intermediate between Vaseline and paraffin. Zinc oxide and lithopon, 
do not protect to the same extent as whiting and clay which are of low covering 

power. Low-grade off-color rubbers are not more susceptible to sun-checkin. 
than are high-grade rubbers. A white stock loses much more in resistance whel 
made gray or black. } 

Dyestuffs capable of absorbing ultraviolet light were added by Porritt an, 
Dawson ® who also used polyphenols and aminophenols as antioxidants. Liste, 
found dragon’s blood resin to offer no protection against oxidation in cured rubbe; 
proofing exposed to the weather and to ultraviolet light.9° | 3 

Preservative paints or coatings for application to rubber goods may be mad, 
with a medium capable of swelling the rubber and a material, such as minera 
rubber, to increase the viscosity and afford some mechanical protection. Smaf 
quantities of. antioxidants, such as aldol-g-naphthylamine, and of yellow or red 
substances such as Oil Red S may be added.97 

Henri® stated that litharge and antimony sulfide accelerate the changes produced 
by ultraviolet rays. Copper salts, even in traces, are bad,” while powdered glass, accord. 
ing to Ditmar,’ protects in direct proportion to the amount present. Zinc oxide accel- 
erates oxidation but not in any direct relation to its percentage. a 

Kreusler and Budde*™ dipped vulcanized rubber articles into a paraffin bath at 
100°C. to render them resistant to light and air. Himmelbauer and Co.” used Vaseline 
or ceresin wax. Ahrens* stated that in 1899 he added ceresin to a tread stock on the 
mixing mill and then exposed tires with half and half tread, one-half containing ceresin 
and the other not. The protective action observed in the presence of ceresin was ascribed 
to the chemically inert bloom or coating of ceresin. Chertoff ** uses certain vegetable 
oils, including palm, rosin, pine and turpentine oils, with resins (dammar, rosin, copal), 
to prevent rapid deterioration and hardening of rubber with age. Paraffin, mineral and 
other non-drying oils have also been suggested by Repony” _ a 

Mazurek and Josse 1°* recommended that fabric for the Gordon Bennett Cup 

7 % Porritt, B. D., and eve dev Rhos Baek BE, Apa t?s eda to Research Association of 
ritish Rubber and Tyre Manufacturers; Chem. Abs., 22, 1498 (1928). i ig : bs., 30, 5071 (1936). 
% Lister, W. N., J. . Chem. Ind., 46, 220T (1927); lso Kelly, A., Taylor, B. S., and Jones, 107 Coe, M. R., U. S. P. 2,042,333; Chem. Abs., 30, 

W. Nad Eng. a tea a 296 (1928), fap ae oe gs : a | 108 Note also for the effects of other light filters, Margaritov, V., J. Rubber Ind. (U.S.S.R.), No. 1, 

7 Poritt, B. D., Dawson, T. R., and Research Association of British Rubber and Tyre Mfrs. mee, 1936. wes ‘ : 
British P. 299,169. Sept. 29, 1927; Brit. Chem. Abs., B, 937 (1928). a 10 Livings, G., and Lacey, B., British E 418,035, 1934, to Dunlop Rubber Co., Ltd.; Cabaiias 

98 Henri, V., Caoutchouc & gutta-percha, 7, 4372 (1910); Matter in this paragraph is derived from Patent 354,930; Chem. Abs., 29, 2395 (193 aN eens 
Shepard, N., Krall, S., and Morris, H.° | i 110 Morse, D. S., U. S. P. 2,047,880, July 14, 1936; Chem. Abs., 30, : 1929) 

*” Bing, K., Kolloid-Z., 4, 232 (1909). 111 Dyche-Teague, F. C., British P. 305,968, Sept. 13, 1927; Brit. Chem. Abs., B, 334 - 97 3852 

100 Ditmar, R., Gummi-Zig., 21, 243 (1906). fos Kojima, K., and Toyabe, Y., J. Soc. Chem. Ind. Japan, 36, 236B (1933); Chem. S., al, 

101 Kreusler and Budde, German P. 18,740, Aug. 26, 1881. 933). : ae . : 
102 Himmelbauer and Co., Chem. Zig., 36, 1441 (1912). 18 British P. 400,898, Nov. 2, 1933, to Chemische Fabrik Buckau; Chem. Abs., 28, oa rh ths 

for SeODE)| Epi Bets, 2d, Oy AAEL 44772) me eh 768,157, Aue ds stay os. 1938; Chem Ee ee dee. 
: : ° ’ 9 a 9 > : v i 104 Chertoff, G. J., U. S. P. 1,379,743, May 31, 1921; Chem. Abs., 15, 3414 (1921). | Te ee eh ae es sao. Aug. 10, 1934; Chem. ss. 29, 640 (1935); Floresco, N., and 

10 Repony, D., Rubber Age (N. Y.), 5, 5 (1919). Pfrunder, N., French P. 787,212, Sept. 19, 1935. , 

106 Mazurek, S., and Josse, Z., Przemysl Chem., 18, 481 (1934); Brit. Chem. Abs., B, 144 (1935). 
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soluti | oe ae ° iranian without increasing their viscosities 
vate the pant | < alogenation and increase the stability 

Bui ii an iebation Penney cera and Mikhailov 116 stated that a chlorinated 
fee Hoe a a eens did not disintegrate in ten hours a ; 

, reshly prepared rubb ae er solution whi 
ee ae oe after fifty minutes of chlorination a ane 
ae sa a ‘ e other hand, a solution of rubber containin 
zou Bs xide after irradiation for eight: hours and ee iiteeeeeik 
a P ‘ “ containing only 40.2 per cent of chlorine i 
eh heat. They conclude that the rubber must be ve 
: a to yield a good chlorinated product.117 In disc 

er in lacquers, Rosenthal and Schulze 118 
ultraviolet rays upon this product, only pigment 

The rays \ 
of the Prody 

ubber of 
ex a 

had been ical 
with 68.2 per oat 
10 per cent of a 
for one hour o 

This was unstable to “a 
aggregated but not ox; i 
ussing the use of chlo “a é 

state that because of the a a 
ed films are of practical y — recommend titani ‘oxi : saat r 

eranhite (aareiae capes ree trioxide green, iron oxide fe ke The 

: substances proposed 119 ents an 
pos to be added in amounts i: ; 

5 per cent to i eH 
ha paar gharerser light-stability of chlorinated rubber are dj P t 

fortaaidehvde ae ES urylamine, methyleneaminoacetonitrile wyclohe i y] 

Batadiie xi 4 tee ata tetramethylthiuramdisulfide ce 

ydipnenylpropane. C b » Cipheny]. 

2-methyl-N- 
ampbell and Reed 120 yl 

ing tira iis ete Sis Hest okste new A “pheriyimeptel il ehydroxy 

: ning aiter artificial illuminati IN protect: 

Ci : 
nation. Baxter 121 : 

ee ec deaemns shorter than 3100A, such a dibuigl ae = 

ie ated rubber and protect it ~ ; : Phthalate 

or is also recommended by Becker122 from discoloration by light. Ethylene 

eeu: eer : used by Laurin and Bidot 123 in the preparation f | 
- 10 a mixture of glue as hyd “aan 

wood d ; ydrogel with gu 
ite Ses a successively added: glycerol, vegetable oils “euch ae 

of Bakelite _ a a pee with formaldehyde, a resin solution such 13 a ool 
a, potassium dichromate, and potassi solution 

2 ° “s assiu oe 

Ff eke: by amr eee and the mass is Lept in nae ae addition 

product te i eae is added for a variable time subsequentl Piee he 
ained are exposed to ultraviolet rays to effect habihi zt pee of the 

| n. 

sub- 

and 
r or 
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116 Buisov, B. V., Molodenskii re ‘ 
; 

Chem. Abs., 29, 953 (i938) ie S., and Mikhailov, N. I., J. Rubber Ind. (U.S.S.R.), 11, 44 (1934) E 
; 

te J» 9 ( 5 

17 For the i : ; (1934), * action of ultraviolet on chlorinated rubber, see also Synthetic and Applied Fini } 

118 Rosenthal, L., i 
a ., and Schulze, G., Farben-Chem., 5, 53 (1934); Brit. Chem Abs., B, 636 ( 

‘ 5 +9 Dy 1934), 119 British P. 437,304, Oct ef ’ 2 . 22, 1935 i 479,464, Feb. 7, 1938; Chem, Abs., 32) 5256 (1938), oP? Chem Abs 30, 2422 (1986). British By 
120 C NG mag te ve and Reed, M. C., Ind. Eng. Chem., 28, 656 (1936) 

oe Om Industry, 407 (1936); Chem. Abs., 31 4531 (1937) 
’ *5 } . “td ? f 

78 Laurin, L, : - Conj., London, Preprint No. 96, May, 1938; . _ = 

| and Bidot, E., U. §. P. 1,969,932, Aug. 14, 1934; Chem. Abs, 28, 634% C94), be “9 ’ . 
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er cent. 

cotton yarn an 
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Expressed 

sysile S 
s 

fits 

thicknesses of th 

Moisture, contrary to previous op 

the case of wool and bast fibers. The purer the atmosp 

destruction. 

ight or by r 

‘sensitive than the raw WOOL 

and water ® by subjectin 

taining a wetting agent 

of Turkey red oil, pyridine 

cent lead acetate) and an ol 

cent linseed oil in tetrahydronap 

rate of oxidation during drying. 

40, 207 (1925) the order is given as: minera 

Chapter 32 

‘Textiles, Paper and Dyestuffs 

an are fine ones, because in the former 

Of the various fibers, Barr found silk 
Artificial 

s are less affected by light th 

t the inner strands.* 

light than cotton, but wool much less than either. 

e yarn 

layers protec 

ffected by 

d less than cotton. 
: 

hrough a double glass window for 
d that exposure to sunlight t 

le strength of cotton 17.8 and of wool 7.3 

dan average of 12 per cent for 

Fine-fibered wool suffered more 

e outer 
pe more 4 
Ik is affecte 

" simola? foun 
| 

. warm months reduced the tens1 

The stretching properties were reduce 

d 37.7 per cent for worsted yarn. 

rse-fibered.7# 

as the hours 

der of deterioration of v 
of sunshine required to cause a loss of 50 per cent in 

7 arious textile fibers is as follows : 

jute (400), artificial silk (900), cotton (940), flax (990), hemp 

ol (1120), chromed wool (1900). In this evaluation, the varying 

e textiles were not taken into account.? . . | 

inions, favors the deterioration, especially in 

here, the less is the 

trength, the or 

1100), raw WO 

4 found the tearing strength of wool practically unaffected by sun- 

ays from a quartz mercury lamp, the washed fibers being slightly more 

Carver 5 recommended ultraviolet radiations for 

-Waentig 

d in automobiles. | | 

d to increase the resistance of textiles to ultraviolet light 

¢ them to the successive action of a tanning solution con- 

(5 per cent catechu and 5 per cent Tetraconite, a mixture 

and tetrachloroethane), a mordanting solution (5 per 

ling solution containing an aldehyde or ketone (5 per 

hthalene with 2.per cent paraldehyde) to control the 

esting fabrics use 

Tt has been propose 

own as to the wave-lengths which 
‘Cotton and Cellulose. Little is yet kn 

Barr 7 maintained it to be 
are required for the destruction of cotton or cellulose. 

P., Z. angew. Chem., 36, 357 (1923). 
30, 284 (1924); Waentig, 

Abs., 28, 647 (1934); Acta Fen- 
lehti, 23, 326 (1933); Chem. 

27.3 per cent in elasticity. 

nn, P., Leipzig Monats. Textilind., 
bleached cotton, 

rammonium 

1Barr, G., Trans. Faraday Soc., 

p 2Simola, E. J., Teknillinen Aikakaus 

nica, 6A, 126 (1933). 

2a Mercerized cotton lost 13.7 per cent in tensile ‘strength and 

Sommer, H., Chem. Zig., 51, 777 (1927). Later, with Heerma 

i i 1 weighted silk, raw silk, jute, raw and 

chromed wool, bleached flax yarn, cup 
raw wool, mercerized cotton, ,nitro- and viscose rayons, 

rayon, raw flax yarn. , 

_*Waentig, P., Z. angew. Chem., 36, 357 (1923). 

Vignon, L., Ibid., 482A; 42, 825A (1923). 

_ *Carver, W. L., Automotive Industries, May 8, 1011 (1924). 

6 British P. 263,102, Nov. 4, 1926, to Albert Meyer-Sans Boeuf Co.; 

7Barr, G., Trans. Faraday Soc., 20, 284 (1924). _ 

8 Kauffmann, H., Textilber., 7, 617 (1926); Chem: Abs., 20, 3352 (1926). 
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See also J. Soc. Chem. Ind., 39, 512A (1920); 

Brit. Chem. Abs., 1927B, 746. 



be the result of oxidation, Loss due chiefl : y to wave-lengths shorter than 4000A. Kauffmann 8 finds ¢ 
less so in air, and was negligible b about 3500A probably effective, and states that visible light is with etn ob ine cee 

0 
he reps, 

h occurred most rapidly in oxygen, the d 

Notwithstandin 
My 

cai g a consid ‘ u a | 

oxidation is involved cannot ce ore ie Bos, the question as to wheal geen n, catbon dioxide or a vacuum 

Marde 2 ; id to have been. defini er ; ",vdrogen, 

seg Pale reviewed some of the earlier observations eek ded Dyer ad 4 According to Sharvin and Pakshver,!® exposure of bleached, ether-extracted, 

vert cellulose into oxycellulose with complet ‘ that ultrayioy, ‘ved and dried cotton +n sealed tubes with oxygen to sunlight showed a simul- 

plete loss of tensile s : gst tion of oxycellulose, carbon dioxide and water. During the earlier 
Eaeous forma 

é 
e a definite relation between the amounts 

4 of the process, there seemed to b 

| 
hough it could not be expressed view shared by Barr,10 and by Aston.1! 

trength 

dioxide and of oxycellulose formed, alt 
a : ox : new point of view was introduced by Kauffmann,12 who believed ¢ | 

ration to occur independently of the presence of : he deter; on 

is als He concluded that the inet refi tion en We any i a ’ F ar eynetrically Upon continued exposure, the carbon dioxide formation 

y the production of a compound “photocellulose,” the f 7 COMnose 18 Drecagm™ 4 ased, but the oxycellulose appeared to undergo a. further oxidation. In addi- 

) ormation of which does ne -” Bie formation of carbon dioxide and water, there were produced compounds 

j 
give its reactions. The fabric lost 

had the odor of furfural but did not 

strength and in weight. 

16 concludes that more work is neces 

invol idati : 

F Shee ae re oxycellulose, the “photocellulose” reduces sily " 

Roisudctutle 3 ie shows a yellow color with caustic soda and phe i : Sl 
in sodium hydroxide solution and has the formula CH pe 

6*°10V5- 

ydrazi, 1 a 

, 
oth in 

. 
‘ 

| 
sary to explain the mechanism of the 

The action of ultraviolet 1i riolet light during the sun bl : | 

i 
eachin 

| pitz 

papugtice of “nhotocellulos °,” the ane Sead oe ee cag to th egradation of cellulose, an especially important reaction in the “grass-bleaching” 

rons bode i of aaa permanganate. In cotton fabrics expodiie 7a 1 ¢ fabrics. Dumas 17 reviews the analytical methods employed in such investi- 

) cent o 9 8 
A a , 

De ae ee oe a , oted 18 that the sorption of iodine from the vapor phase 
" It has recently been n 

tton is greater after the cotton has been irradiated by ultraviolet light. Wil- 

19 observed that cotton of viscose yarns when deteriorated by excessive 

€ their remaining strength, when 

dry strength appeared to be a 

affini 
| 

ty of the exposed cotton for methylene blue was not, however, as Tied ’ Cribed by . 
Kauff: 
eke ee “photocellulose.” This view is accepted by So . 

‘tet Axanh) chanes : ‘ cones
 concluded that an oxidation is involved ill 

fbhils to ecali ae ‘00 : ace when strips of cotton cloth were exposed fe yi 

saturated with nae aay giase tubes containing hydrogen or about two. 

Iain role eee as Similar exposure in tubes containing oxygen regs ia 

ecpbet- pitmber aa ae strength, an increase in reducing power as showe a ‘' 

padlens are iy production of carbon dioxide and carbon mona of 

TAGE wind. a i : i Si Fear E oH Was more rapid in the presence of moi 
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4 

Seated tr grag in eet and of the viscosity of ciptammoniun 

showed first a fall aad cotton. The methylene blue absorption by the cot ; 

ahodiced. iy this lett en a slow rise. In general, the modification of cot 

water. Cotton ae: cap neehonsed in that formed by mild oxidation with chlor 

water. Cotton cloth previously steeped in O.00LN sulfuric acid is more highly 
Agios ot ex a greater production of carbon dioxide under the same q a 

posure. Precipitation of ferric hydroxide on the cotton before oi 
sure results in an increased attack i 
a | ck by the light, but lessens the formation of carbon 

by cO 
{jams hat c 

jeaching or ultraviolet irradiation, lose much o 

The ratio between wet strength and air- 

enction of the degree of deterioration. 

_ When exposed to the quartz mercury-vapor lamp, cotton hairs lose strength at 

a constant rate until the tendering amounts to about 40 per cent; the rate then 

3 | ring is proportional to the inten- 
4iminishes.2° Over a small range, the rate of tende 

of the light. Cotton hairs of different origin exhibit specific differences in their 

eptibility to light tendering. The proportional loss of strength of yarns is 

ut half that of hairs fully exposed under the’ same conditions, the hairs in the 

5 being tendered to the same extent as the yarns. Bleached cotton is more 

rapidly tendered than raw. Material dyed with chrome green is much more resis- 

at than the undyed scoured material. Ferric hydroxide has a slight protective 

on. Cloth-dyed mineral khaki is as resistant as the chrome-dyed material, the 

ct being such as to extend the life of fabrics subject to strong illumination to as 

h as five or six times that of untreated materials. Organic dyes modify the 

of tendering of cotton by light, some favorably and others unfavorably, but the 

esd Bie C Wat Se sip 
effect is never as large as that of chromium hydroxide. ’ 

durtag se! exbosube af Lair ec eee at least two reactions may occur aes conducted for the British Government indicated 71 that heavy cotton 

Sees tara) tye deeelocnizeie or . ight. Both are accompanied by a loss of and linen tent fabrics are much less affected by sunlight than are the light and less 

delunreh leks cusbcn diocsd reducing power. One reaction, however, pro- osed fabrics used in airplane and airship construction. Although such pig- 

xide than the other, and is catalyzed by iron. 7 ments as lead chromate diminish the deterioration by light, others, such as the 

stannates, tungstates and sulfides frequently used in fire proofing, accelerate it. 

Waterproofing frequently, but not always, has a beneficial action, depending on the 

‘Process and materials used, the climatic conditions and the exposure. witty 
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Committee for p pete oy fa — Action of Sunlight on Aeroplane Fabrics T1019, British Advisory 

12 Kaufim ; 
cose tnfimann, H., Teatilber., 7, 617 (1926); J. Soc. Chem. Ind., 817 (1926); Chem, Abs., 20 3352 ; . 1, By Id 

18 Sommer, H., Chem. Zig., 51, 777 (1927). 
14 Barr, G., 

: 
i 

and Hadfield, I. H., J. Textile Inst., Special Issue, 18, 490 (1927); Chem, Abs., 22 
2062 (1928). Chem. Abs., 20, 827 (1926). 
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After 500 hours in sunlig | ght, 35 white and dyed cotton fabri 
showed losses in breaking strength of 18 to 49 per cent in che a 
rsa in the filling. The mercerization of the Everfast s 

oths tested increased their resistance to tendering. In eight of fifteen en 
rics tested, less breaking strength was lost than in undyed fabrics Tho 2 e- tin 
a behaeen Ace i. effect on the loss of strength than had the tem 

| idity.  spectrophotometric analysis showed th 
color of all white and dyed Tiaeeekits does Ga all \ yed fabrics tested. -Th 3 
yellow with increased exposures. wiaeew Ss 

The resistance of “toba to | cco cloth” to sun and rain may be i 7 e impr 
oh anae solution of lead acetate penetrate it and ‘tie treatin gees t 
e i 1um dichromate so as to form lead chromate on the fibers 2 
: nt racene yellow GC and Chrysoidine have been found uns : 

protection of cotton from deterioration by light.?4 

warp and 34 to 
tutings and paw 

Perature | 3 

he fecteq ¢ 
Creag; | 4 

a lettiy 

ha Soh 

atisfactory for 

Cotton and viscose silk materials dyed with one of a large number of O is esis vat dyes (Indanthrene Yellow G and Alizanthrene Y 1 
oe pted) i exposed to light and air immediately after dyeing while th a 

euco condition, become tendered by oxidation.25 The diye itself ia y 

enc e to the cotton or the first dye. These effects also are produced when the 
“aaa is ee in darkness before exposure to sunlight or a Fade-Om t 
een eh rs if again eee before exposure. Tendering occurs if the a ou 

turther impregnated with a dilute soluti f ; Wash 

sodium hyposulfite or hyd . lution of caustic soda containin 
ydrogen peroxide and then exposed to ligh — 

ye : t : D. 

evenly starch iodide test it was shown that an active oid E 
Cihane i S pike peroxide, was formed during the oxidation of cotton i a sent 

aliarstent es sips R.. Certain direct dyes, including Diamine Fast Yellow “a 
teviciriei: he i ce ee similarly to vat dyes in promoting tenderine 

cotton when so exposed is rapid and ma ng 
Pere y be seriou a 

<a haa ae neti fabrics lifted successively five timest 1 

each time) from the dye liquor and ex ef 

i . | : posed to light . 

i Ail oe with 20-per cent Cibanone Orange R had copper Sat a: 

ive shri! abric), 0.3, (dyed fabric not exposed), and 0.7, 1.3, 1.5, 1 7 a 4 

to reuileste sitet: asst ee betes articularly susceptible 
= ese conditions. The destructive action of eptible 

olen 
SU ] a 

appreciably affected by transmission through plate glass a quarter of wn inch ail 
or didymium glass opaque to yellow light. 

wel oe Palas anes ar = nae on cotton, isolated by Scholefeld, 

ihphigwa red to be dibromoisatin. The fadi E 
cotton dyed with methylindi i ading products from 

Aap go gave the reactions of o-methylisatin. Hibbert 27 

and CS aes calico, wool and cellulose acetate silks wit 13 4-trinyal 
sie aon Purpurin. After 60 hours of exposure to the Fade/Omena J 

ance was extracted by carbon tetrachloride which was found to be a mix: 

22 Grimes, M. A., Teras A : 4 E gr. Sta., Bull. 506, 5 (1935); Ch 2 : ; em. Abs. s Rhodes, G. H., U. S. P. 2,026,190; Chem. Abs., 30, 1247 (1936). ree ects 
mann, H., Textileber, 7, 617 (1926); Brit. Chem. Abs., 1926B, 817 

25 Scholefi ~~ . 
olefield, F., and Patel, C. K., J. Soc. Dyers Colourists, 44, 268 (1928): Brit. Chem. Abs. B, 

811 (1928); J. Soc. Dyers Colourists, 45, 175- (1929); Chem. Abs., 23, 4824 (1929) 
26°'Scholefield, F., Hibbert, E Ae f, E., and Patel, C. K., J. Soc. Dyers Colourists, 44, 236 (1928); Chem. Abs:, 22, 8780 (192 
27 Hi e 

ibbert, E., J. Soc. Dyers Colourists, 45, 204 (1929); Chem. Abs., 23, 4824 (1929) s 

rang 
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On 
Ye is ; 

simu sali ; 
nultaneously oxidized, with consequent partial or complete decolorization, il 

second dye is present (especially Ciba Blue 2B), this may be oxidized in f prefer 
dye 
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ll 
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3 rendering
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q Pallet and
 Wyszewia
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an of cotton 

d and its anhydrid 

ith alcohol and car 

7 Uitravit glass. 

Mo aiter 

‘sinone intermed
iates, t 

s ethylanthraqui
none, 4 

ahraquinone, Ade-per: cent; 
n 
yinone, 

7 

> cylfomic acl 

owed a decrease 0 

with certain 
an 

varying fr 

Beation invo 

presenc 

chromium and 

the titanium di 

impreg nating 

periodic group. 

light) degrade the fibers.®2 

 Pacini® has made the clai 

‘cotton textiles by ¢ 

‘tures. It is usua 

certain cold cl 

mee Haller, R., 
Abs., 30, 6566 (1936). 

80 Wahl, A., [Rev. gen. mat. color., 

©8379 (1937). 

B, 1053 (1934). 
84 For the absorption of cellulos 

295 (1931); Stamm, A. J., Semb, J., 

Mag. Canada, 26, 1549 (1928); Chem. 

Tables showing the manne 

of sunlight on cotton have been given by Vashis 

29 investigated the sensitization of the photodecompo- 

by a series of vat dyes by exposing 25 per cent 3° dyeings on 

{10 of heavy cotton calico to sunlight at a 45° 

The loss of tensile strength was 9 per cent in 

When treated with various anthra- 

he corresponding losses were: anthraquinone, 27 per cent; 

6 per cent; 1-chloroanthraquinone, 32 per cent; 2-chloro- 

1-aminoanthraquinone, 17 per cent; 2-amiinoanthra- 

lfonic acid, 13 per cent and anthraquinone- 

disulfonic acid, 24 per cent. Graphs 

¢ as much as 40 per cent in the tear strength of cotton dyed 

r only 79 normal bleach hours, the dyeings 

k 31 believes that in such cases the deterio- 

ds on the temperature, fiber structure and the 

The destructive process is hastened 

ds in sizes and after-treatment, particularly 

copper salts, impure water containing manganese and nickel, and 

oxide used in the manufacture of delustered rayons. 

lastic threads or cellulose cloths consists in 

bromates o¢ iodates of metals of the second 

of photoactive rays (but not ordinary 

130 normal bleaching hours. 

18 per cent; anthraquinone-1-su 

d, 20. per cent; anthraquinone-l,5- 

thraquinone dyes afte 

om 0.05 to 1.0 per cent. 

Ives oxidation. It depen 

e of hydroxyl, amino or imino g 

stich catalysts as the metal compoun 

~ A method of producing light and e 

them with the chlorates, 

These, under the influence 

as cotton may be actually increased by subje 

a special manner to prevent the formation o 

Paper and Wood Pulp.” The ‘bleaching of wood pulp, paper products or 

hlorine is accelerated both by light and by increased tempera- 

Ily cheapest to depend upon the thermal reaction alone, but in 

imates where fuel is expensive, attempts have been made to employ 

¢ the process. Escourrou °° investi- 
artificially produced ultraviolet light for aidin 

r lamp. Although the process could 
gated the accelerating effect of a mercury-vapo 

‘be carried out at a lower temperature, more chlorine was used, owing to the 

Meyachict, S. D., Indion Textile J., 42, 376 (1932); 
and Wyszewianski, L., Melliand. Textilber., 

| 38, 217 (1934); Chem. Abs., 28, 4910 (1934)] links the destruc- 

_ tive action of the dyes with an absorption band at about 3300 to 3700 A. 

81 Henk, H. J., Monatschr. Testilind., 51, 

8 French P. 803,145, Sept. 23, 1936, to Comptoir des textile 

8 Pacini, A. J., U. S. P.. 1,948,276, Feb.’ 20, 1934, to Millprint Products Corp:; Brit. Chem. Abs., 

during xanthogenation may afford a method for 

Sobue, H., J. Soc. Chem. Ind. Japan, 36, Suppl. | 

8% Data on the absorption spectrum of lignin have 

64B, 1288 (1931); Papier Fabr. Tech. Wiss. Teil, 30, 
Hilmer, A., Ber., 66B, 1600 (1933); Hagglund, FE 

3 ae . ° 
®Escourrou, R., Chimie et indusirie, 
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thalic acid and phthalic anhydride. Impregnation of. calico with 

e followed by exposure to the Fade-Ometer and 

bon tetrachloride was found to increase its affinity 

r in which various dyes catalyze 
t.28 

angle to the south under 2 mm. 

white bleached 

m that the tensile strength of cellulosic materials such 

cting it to ultraviolet radiation controlled in 

f detectable oxycellulose.™ 

Chem. Abs., 27, 192 (1933). 

17, 45, 138, 217, 325 (1936); Chem. 

186 (1936); see also E. Baur, Helv. Chim. Acta., 20, 

s artificiels (Cheint Abs, 31/2837 (1987). 

| e films in the extreme ultraviolet (800A.), see O’Bryan, EE TiN, 

J. Opt. Soc. Am., 22, 739 (1932). It has been shown that the change in absorption of alkali cellulose 

following the progress of the process. Atsuki, K., and 

1. binding, 589 (1933); Chem. Abs.,. 28, 710 (1934). 

been given by Herzog, R., and Hilmer, A., Ber., 

205 (1932); 29, 4-5; Chem. Abs., 26, 4309 (1932); 

E., and Klingstedt, F. W., Z. physik. Chem., 1524, 

and Harris, E., J..Phys. Chem., 36, 1574 (1932). 

19, 989 (1928); Brit. Chem, Abs., B, 168 (1929); Pulp Paper 

Abs., 22, 4791 (1928). . 
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increased formation of chlorates which play no p 
the cellulose, as well as the non-cellulose impuriti 
attacked. The material thus obtained was rich 
shown by its enhanced copper number. The g-cellulose content fell and y-cellulose content rose. Although this is not important in 
disadvantage when the material is to be employed for makin 
kinds of cellulose nitrate. This effect is observed only when chlorine 4 : agents are used, but not with ozone or hydrogen peroxide. In knot- ul ‘cach u of ultraviolet light in conjunction with hypochlorite bleaching did onal ‘He us deleterious action, presumably because the chlorine reacts more readil 
ligneous constituents than with cellulose. a ty 

According to Edge and McKenzie,37 light causes two changes in pa 
a yellowing and a fading or whitening. Sunlight causes a definite 2 
three hours, and whitening only after about two weeks. 4 
due to a bleaching of pulp constituents not removed in o 
coloration is more rapid at 90 per cent than at 30 per ce 
is great for samples exposed to the sun’s heat while shield 
ing by a mercury arc varies with the age of the lamp. 

Wahlberg °8 believed illumination to effect a saving of bleaching liquor of steam about equal to the cost of the light, but found application difficult “<a 
the light affects only the surface. NHirschkind, P : 
results with a mercury arc, provided rays shorter than 3000A are removed since 

than 4000A are ineffective 

art in bleaching, Fur 
es in the wood pulp 
in oxy- and hydro-c 

Paste, . 

€lluloge 
the g. ». 

paper-making, j; . y 

g viscose and cena 

Per pulp 
; OWin “i 

The latter effect _ a 
tdinary bleaching, Dic 
nt relative humidity, anil 
ed from its light. Velo. 

because 39 ohta; i ye and Thompson 29 obtain good 

these are harmful to cellulose. Wave-lengths longer i 
The best range is 3500A4° to 3850A. , 

Attempts at standardizing the test for the light-resistance of various fib g 
paper-making materials have been made by Kovalevskii.41 An ordinary carbo 2 . 
produced after 80 to 100 hours changes in the resistance to breaking of pa a a 
fiberboard that were too slight to be of use in the rapid laboratory testing af an a 
substances. Flowever, a Sperry carbon are (150 amps., 79 volts, 950.000 ¢ ) i 3 
satisfactory results in exposures of twenty hours at 1.3 meters in the case of sheell 
from unbleached sulfite pulp, sulfate kraft, straw pulp, hibeianteen wood pulp, line : 
rags, cotton, spruce, jute and a mixture of 60 per cent wool and 40 per: cent! krate All materials showed a decrease of 15 to 59.5 per cent in the resistance to breaking, 
with unbleached sulfite the most and jute and the two straw stocks the foal affected. ‘This contradicted a prevalent idea of the excessive destructibility of 
materials derived from lignified fibers. The stretching power of raw materials. 
was impaired, but to a lesser degree than the resistance to breaking. Mechanieal 
wood pulp and wool showed an increase in the stretching ability. The tests showed 
that in the process of aging by heat and light, all grades of paper undergo an 
insignificant change in their tearing length, and that this factor is less characteristic 
of the physical changes than is the resistance to breaking. The sorption of anthra- 
cene oil on raw materials was but little affected, except that that of wood pulp and 
wool was slightly improved. | 

The reflection of ultraviolet light by paper is not very different from that of. 

87 Edge, S. R. H., ; F . land, 17, Pt. 2, 437 (1 937): Chem ‘Abs. 3 c. Tech. Sect. Paper Makers’ Assoc. Gr. Brit., Ire- ‘ally hd IG 1937); Bakker, H., Chem. Weekblad, 34, 543 (1937) 5 
88 Wahlberg, H. E., Ind. Pappers Tid., 38, 481 (1934); Chem. Abs., 28, 7008 (1934), 
89 Hirschkind, W. - ph nae rites th Pe dyin Thompson, E. G., Paper Trade J., 105, TAPPI Sect. 268 (1937); 
40 Hy; : Hirschkind, 72° GOR D. J., and Thompson, E. G., Paper Trade J., 105, No. 18, 118 (1937); 

0 nd McKenzie, H. M., Pr 
4, 413 'C 

Chem. Abs., 32, 772 (1938). 
“ Kovalevskii, I. I., Bumazhnaya Prom., 14, No. 2, 13 (1935); Chem. Abs., 29, 5264 (1935). 
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| 42 Papers water- and oil-proofed by vinyl resins are more readily 

ultraviolet light than ordinary paper.48 When paper containing 

sed to the sun, it tends to become yellow and soluble in cold weak 

ter.44 The results may differ when artificial ultraviolet light sources 

J Joyed and these should be used only in the absence of sunlight. Bleached 

¥ P pleached rosin darkens in light,45 and ferrous resinates and rosin size, if 

nd v inated with ferrous iron, are also light-sensitive. Ferric resinates, aluminum 

ee and sodium resinate have no ability to cause yellowing of paper in light. 

fo. uri,4® in giving data on the increase in the copper number of filter paper, 

A paper and viscose rayons which follows exposure of these products to the 

iss € a quartz mercury arc, attributed it to the action of ozone formed by the 

py” 4 Aldehydes appeared to be formed even in the absence of oxygen. Brom- 

ted that when pulp-sized paper of good quality and free from resin 1s 

the mercury arc, it rapidly loses its property of ink resistance, and 

the surface color degrades to a brown shade. He believed the browning to be 

Ye nction of the gelatin present, which he found to be degraded to simpler products. 

st studies of the deterioration of paper by light have been made in sunlight. 

48 found that after 50 to 100 hours, the sacrifice in tear strength and tensile 

1 slight in comparison with the loss in folding endurance, 

trength of the sample tested had been originally greatly 

enhanced by the application of glue. Rosin- and starch-sized papers were at least 

as sensitive to loss in writing qualities as were elue-sized papers. The protective 

£ glass was marked in the case of papers made from purified wood fiber and 

artly protected, but newsprint deteriorated as rapidly under 

d directly. When purified wood fiber papers under glass in 

d to sunlight, there was apparently no degradation. Sulfite 

ditions showed a loss in-fold strength, although the copper 

When similar papers were exposed under glass with © 

of their original fold 

Changes in the copper number were in the same order. When air was 

ld strength retentions were 90 and 58 per cent, 

atings did not protect papers from oxidation 

in sunlight. A glycerolated paper was somewhat less sensitive. Surface sizing 

with various waxes and starch caused no improvement and rosin was definitely 

4 etrated by 
Eins 15 expo 

lies o€ 2 

var 47 110 

Mo 

gth was in genera <+ren 
He fold’ 

sulfite papers were p 

number did not increase. 

strengths. 

harmful. A coating of regenerated cellulose, prepared by means of properly 

applied viscose solutions, was advantageous both for fold strength and for fold 

retention. Sodium stannate appeared to have a protective action but deterioration 

was hastened by the presence of sodium molybdate or of iron compounds, at least 

in a water-leaf purified wood-fiber sheet. Water-leaf papers lose from one to two 

per cent in weight when exposed a hundred hours on each side. In wood veneer 

strips, the changes in copper number are very great and in the case of poplar 

wood a marked delignification takes place. 

30, 2379 (1936). 2 Déribéré, M., Papier, 38, 1083 (1935); Chem. Abs., pis 

| 30, 2755 (1936); see also Chinchin, I., 
43 Ohl, F., Wochlbl. Papier-Fabr., 67, 5 (1936); Chem. Abs., 

44 Marini, M., Bol. staz. sper. Carta, 6, 16 (1927); Chem. Abs., 21, 2188 (1927). 

45 Kimberly, A. E., and Hicks, J. F. G., Bureau Standards J. Research, 6, 819 (1931). : 

46 Ocuri, S.; J. Soc. Chem. Ind. Japan, 37, 620B (1934); Chem. Abs., 29, 1241 (1935); for the 

effects of various surrounding oxygen concentrations, see Oguri, S., and Yamaguchi, T., J. Soc. Chem. 

Ind. Japan, 40, 300B (1937). Oguri, S., and Takei, M., [/. Soc. Chem. Ind., 41, 3 (1938)] find only 

wave-lengths less than about 3640A effective. 

47 Bromley, H. A., Analyst, 58, 29 (1933). 

48 Richter, G. A., Ind. Eng.. Chem., 27, 177, 432 (1935). 
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. cose. The damage to viscose rayon is slightly greater in an atmosphere . 

i cent relative humidity than in one of 65 or 90 per cent.>® Acetate 

” Veteriorates less than natural silk or other types of rayons.” Among various 

Dive agents tested, -methylumbelliferone and tannic acid were the most 

te 

Red, green, lemon-yellow, dark brown-yellow and light brown-yellow ys 
glasses each afforded some protection when papers (double-sized rag, rosa | 

papers from 50 per cent rag and 50 per cent sulfite pulp and pure sulfite ol 

were exposed to direct sunlight for 523 hours or to diffused sunlight for 767 hal 
The degree of protection depended upon the extent to which the filters reall ive when test pieces were exposed to daylight through 3 aise ae 

the shorter wave-lengths, the range between 4600 and 4000A being strongly 0} : bow glass for 250 hours. Other protective agents, Tannigen FC, oe = = ei 

ous. The yellow, green, and red glasses afforded practically the same protectige a aleic acid, were found better-when the acetate rayon was exposed to daylig 

Quercitin was best when the samples were exposed to the 

4+ of a mercury arc. The protective agents were used in 2 per cent solution, 

i cent being usually taken up by the fiber. Eichler gave the following results 

yl deterioration of various products. The first number is the percentage 

: s in tensile strength resulting from six hours of exposure to the mercury. 

amp and the second that after exposure of 250 hours to daylight through 

a. elass; natural silk, 28, 62; cuprammonium rayon, 11, 57; viscose rayon, 

a acetate:rayon, 35, 24; acetate rayon dyed black, 0, 1.2; acetate rayon dyed 

4 11 17: acetate rayon dyed brown, 11, 13; unbleached cotton, 0, 0. 

4 Hie preparation of a selvedge-resistant material, Malm and Fordyce ®° form 

Rect containing an ester of cellulose having an unsaturated acyl group such as 

_ffulose tricrotonate and polymerize it by intense ultraviolet light for about five 

surs, or heat it to 100°C. for at least 24 hours. 

The brown-yellow glasses gave the least protection, since both of them 
some wave-lengths down to about 3300A. 

Blaisdell and Minor °° studied the aging properties of a very white facial tice 
made of highly bleached wood fiber and of a cream-colored toweling of uA b 
bleached sulfite wood fiber, by determining the copper number and absorhe 
properties before and after exposure for one hour to a Victor ultraviolet lamp 
a distance of ten inches at 38°C. The original copper numbers of papers of 4 

type gave no clue as to their permanence. A large change in this test may 
considered as indicative of a rapid loss of absorbent properties on norma] sail 

A method advocated by Wright °! for waterproofing paper consists in ima 

nating it with a solution of gelatin, casein, or similar protein, and bichromate ¢ 
potassium or sodium. On exposure to the rays of a quartz mercury arc, the protej 
becomes insoluble and the paper is strengthened and made waterproof. The Solutio as hour 

may also be added to paper pulp and the irradiation carried out after sheeting The solubility properties of organic derivatives of cellulose may be modified by 

Ruderman *? coats paper with a suspension of dry starch and sulfur in eof eatment with ultraviolet rays in the absence of oxygen.®1 | | 

water and then exposes it to ultraviolet light. ‘ 7 Silk. The photochemical destruction of this fabric depends upon the pH at 

which the exposures are made.” The maximum stability to the light of a glass- 

nclosed carbon arc is at about pH 10, the pH being measured in the aqueous 

act of the sample. Above pH 11 and below pH 3, the stability decreases rap 

In the intervening range, a minimum exists in the neutral region, indicating 

the protein salts formed with small quantities of acid or alkali are more stable 

than the pure protein. 

Bearing fic deteriovauol of silk in sunlight or north skylight, the ammonia 

nitrogen content is increased, as a result of oxygen attacking the silk under the 

influence of light.6? Saito 6 found that exposure of silk fabrics to direct sunlight 

for 49 days gave a loss of 95.3 per cent of their tensile strengths. Against this, 

coatings of antioxidants had little effect. ae . | 

X-ray diagrams of unweighted silk, appeared similar before and after exposure 

oan S-1 sunlamp, but photometric analysis indicated a decrease in fiber orienta- 

tion, causing the long fiber arc to expand toward the character of a powder 

pattern.°> Lead-weighted silk underwent the greatest deterioration.°° Pure-dye 

and 25 per cent tin-weighted samples slightly increased in tensile strength when 

5 ‘ss iol glass. transmit ough Uviol glass 

Considerable application has been made of fluorescence in filtered ultraviolet light ; 
the analysis of papers and paper-making materials but the discussion of this topic fie 
beyond the scope of this book.’ Testi™ states that with rays of 3000 to 4000A, sulfy 
cellulose yields a color not caused by lignin, sulfur or lignosulfurous materials, but } 
an unknown principle in wood and its bark which resists various chemical treatments 
White papers containing cotton, linen and hemp fibers assume a light-yellow color, ané 
paper from chemical cellulose a white color with slight yellow tinge, and paper prepare 
chiefly from mechanical wood pulp, an intense violet color. _ 

In testing the water resistance of paper by a method of this type, Grant™ grinds 10( 
gm. of icing sugar, dried at 100°C., in a mortar with 0.5 gm. of Rhodamine 6G anc 
sprinkles it from a bottle through 70-mesh bronze gauze on the specimen (2 sq. in) 
floated on distilled water at 21°C. The time is taken with a stop-watch until, in a dark 
room, the upper surface of the paper irradiated with filtered ultraviolet first exhibits a 
bright golden fluorescence. This means that the water has just penetrated the paper 
causing solution of the dyestuff. | — 

Artificial Silk. Grempe °® states that in the weathering of rayon and silk 
fabrics, the destruction takes place on the surface exposed to the light. It is due 
to both water and the ultraviolet rays of the sun. These fabrics lasted for about 
half a year when exposed to the weather. Huezel 57 has given curves showing t 

: : ; : q ae : d Mori, H., Rayon World, 5, No. 7, 1 (1937); Chem. Abs., 32, 

effect of exposure to ultraviolet light on the strength of textile fabrics prepared Beeeshi, M., Umesawa, H.,” and: Mor 5 4343 (1938). | 
60 Eichler, A., Melliand Textilber., 16, 429 (1935); Chem. Abs., 29, 7084 (1935). . 

mw) Malm, C. J:, and Fordyce, C. R., U. S. P. 1,973,493, Nov. 9, 1934, to Eastman, Kodak Co.; Brit. 

Chem. Abs., B, 737 (1935). | 

6 Bincer, H., German P. 601,478, Aug. 16, 1934, to I. G. Farbenind. A.-G.; Chem. Abs., 28, 7527 

(1934). ) 
® Harris, M., and Jessup, D. A., Bureau Standards J, Res., 7, 1179 (1931); Am. Dyestuff Reporter, 

20, 795; 23, 315 Goad). Ch Trotman, S. R., J. Soc. Chem. Ind., 55, 325T (1936). saint 

a i .. Textile Mfg., 60, 420 (1934); Chem. Abs., 29, 4589 (1935); J. Bur. Stands. J. Res., 

13, BT tN din Daeatat Rept., 23, 215 (1934); Chem. Abs., 28, 5675 (1934); Columbo, G., Boll. 
ficiale staz. sper. seta, 4, 73 (1934); Chem. Abs., 31, 8204 (1937). 

49 Kohler, S., Tek. Tid. Uppl. C Kemi, 65, 49 (1935); Chem. Abs., 29, 6379 (1935). j 
50 Blaisdell, C. A., and Minor, J. .E., Paper Ind., 15;~512 (1933); Chem. Abs., 28, 2525 (1934). a 

5. Wright, W. L., U. S. P. 1,542,539, June 16, 1925;.Brit. Chem. Abs., B, 627 (1925). | 
52 Ruderman, A., U. S. P. 1,723,581, Aug. 6, 19293:.Chem. Abs., 23, 4573 (1929). ; 

58 For general discussions, see Déribéré, M., Papier,:38, 637 (1935); Chem. Abs., 29, 7652 (1935) 
Grant, J., World’s Paper Trade Rev., 103, 1463, 1506, 1508, 1550, 1588, 1666 (1935); Chem. Abs., 29, 
5266 (1935); Lewis, S. J., J. Soc. Chem. Ind., 41, 99R. (1922). di 

54 Testi, G., Raggi ultravioletti, 297, 1926; Chem. Abs., 22, 1472° (1928). 
_ Grant, J., J. Soc. Chem. Ind., 53, 349T (1934); see also Noll, A., iss, K., Papier-Fabr., 35 
Meche Ste (ST; Chow be, a Foe ety haan ee | “Saito, S., J. Soc. Rubber Ind. Japan, 7, 92 (1934); Chem. Abs., 28, 3591 (1934). 

56 Grempe, P. M., Kunst-Seide, 9, 462 (1927); Chem. Abs., 22, 2469 (1928). a _ © Bruner, E., and Goehring, M., Textile Research, 5, 231 (1935); Chem. Abs., 29, 4948 (1935). 

? Huezel, P., Rayon and Melliand Textile Monthly, 16, 161 (1935); Chem. Abs., 29, 3170 (1935). Hess, K., and Bruner, E., Kansas Agr. Expt. Sta. Rept., 120 (1934); Chem. Abs., 30, 2765 (1936). 
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5.0 per cent of the sulfur content of cleaned wool samples is lost 
exposed to wave-lengths longer than 3400A, but 50 per cent tin for 80 to 100 h bo the Wieht cuartz lacop.”* tee 

or O ours to the light from a quartz lamp. is loss 
“Weighted J from 3.7 to 

showed little or no change under these rays. All samples showed the ... a osure 
deterioration when exposed to wave-lengths between 2600 and 34004 “ Seat, ng . doubled if the irradiation is followed by treatment with 0.001N sodium 

entire spectrum. In dyed silks, color fastness was not in general > pre pee Microscopic examination shows the scales to be raised up; some are 

withstand Kansas sunshine, although only one sample in thirteen fain a ae ice. emoved. It was suggested that the scales possess a higher sulfur 
et : et? 
npletel? an the cortex so that a decrease in the number of scales explains in part 

tent ¢ the sulfur on irradiation. 

5 suggests that the yellowing of wool by ultraviolet light probably 

Fade-Ometer test.67 ded by ¢ 

ane solutions are cleared and reduced in viscosity by ultraviolet 1; 4 
ool. Exposed wool no longer gives the von Allwérden reaction.®9 Sat 

q 

; Joss © 

Rey 70 : Meunier a. rastiglioni “ : et 

ee oon ee neutral wool develops a rose-violet color when treated wil at Be on the occurrence of the Salkowsky reaction between the sulfuric acid 

p solution of quinone, but a deep brown if previously exposed t Hu pends dation of the sulfur of the wool and the cholesterol of the wool fat. 

med DY ox
i 

sreased W
OO 

ut treated 
wool. 

The strength o 

ultraviolet rays, the wool becoming more acid. This sharp difference sou 
utilized for the production of photographic prints on woolen fabrics To b 
of the irradiation is not dependent upon the nature of the surrounding at © ‘<li 

The superficial erosion of woolen cloth exposed to the air is ascribed by ill 
mann to the action of ultraviolet rays (2000-3500A).7 After exposur Y Hee 
Han wool swells strongly in dilute alkali and crumples in a charactericall ‘ tt 
ner.‘ After such exposure, it is dyed more deeply by basic dyeckuaiil 7 
so by acid dyes. Those dyes which yielded darker shades on wool vial if 
been affected by sunlight than on unexposed wool were called positiy “ b 
which yielded lighter shades after exposure were called negative. The “7 Thos 
negative behavior of a dye toward wool usually increased with the duration ll 
exposure of the wool, but after a direct exposure of about 300 hours whi a % i 
completely destroyed the epithelial scales of the wool, the effect diminishes in 
1s positive after the wool has been exposed 100 hours, but after 264 he Indig 

strongly negative. The behavior of acid dyes on exposed wool varies an tf 
to the acidity or neutrality of the bath from which they are applied Ce 
Cyanin Green G is negative when applied from a neutral bath or one cam inl 
3 per cent of acetic acid, but is strongly positive when applied from a bath a did 
with 2 per cent of sulfuric acid. The-differences in the behavior of dyes , mq 
exposed wool are very considerably diminished if the wool is chao betel 
dyeing. The intense yellow color of exposed wool dyed by immersion in ; a 
aqueous solution of methyl orange is not removed by washing with water 4 a 

similar conditions the color is readily removed from non-exposed wool | . 
_ The interior of exposed wool is alkaline, since it gives a bluish-violet lot 

with haematin. The outer part is acid and gives a yellow-brown color Atte 
prolonged exposure to sunlight, the wool becomes brittle and the fibers am b 
easily broken. Exposed wool is much more easily wetted than “unexposed a ; 

Irradiated wool fails to give the usual colors when treated with ninhydrin ‘ 
allantoin because of the presence of sulfur dioxide.73 The increase in the conti 
of labile sulfur is also shown by the reduction of nitro- compounds to amine 
Insolation also increases the primar i amino- 

7 

method. : y amino-groups as determined by the van Sly "7 

1 tends to turn gray instead of the yellow to brown which forms 

¢ wool is lost on exposure to light, slowly at first, ‘then more 

idly and nally slowly again when but little strength is left.”6 Washing after 

 agtire sncreases the loss of strength and results in a loss of weight owing to 

Bieage of tendered surface hairs and to the dissolution of degradation products. | 
Be cure also diminishes the extensibility. The product of extensibility and 

Banc load, a measure of the work of rupture, thus falls more rapidly than 

D preaking load itself and is probably a better measure of the useful strength 

Bre cloth. The development of acidity is roughly parallel to the loss of strength. 

he Pauly test, however, gives positive results after a short exposure and soon 

aches a maximum. Exposed cloth wets more rapidly and shrinks more when 

ached, but it fulls more slowly and has a lower regain. 

Pretreatment of the wool with sulfuric acid is said to retard, and with alkalies 

to hasten, the deleterious action of light.77 Rimington 7 has noted that free sulf- 

nydryl groups are absent from normal wool and appear only after the action of 

alkalies or of ultraviolet light. 

Smith and Harris” find irradiation of purified wool by the Fade-Ometer up to 

100 hours progressively reduces its cystine content (from 12.2 to 7.9 per cent), 

with corresponding increases in ammonia nitrogen (0.28 to 1.22 mg. per gm.), 

ali-solubility (11.9 to 36.2 per cent), and sulfate sulfur (0.06 to 0.37 per cent). 

rly all the sulfate sulfur in exposed wool is in the form of free sulfuric acid. 

e is a linear relation between cystine content and alkali-solubility in exposed 

The deterioration is greater in wool previously treated by acid than in 

alkali-treated wool. The sulfur content of untreated and of acid-treated wool 

decreases during irradiation. This suggests that in the early stages, hydrogen 

sulfide is formed by a decomposition of the S—S group of cystine,®° so that some 

is lost as hydrogen sulfide. The remainder is oxidized to sulfuric acid. Irradia- 

tion produces a type of oxidation different from that due to hydrogen peroxide. 

Tn nitrogen, hydrogen sulfide is evolved, the rate being increased by the presence 

of water.81 

67 For further data obtained by the li . tt 

Proc. Am. Assoc, Textile Chem. Enloiis oro eee Tea see Appel, W. D., and Jessup, D. Ay  Barritt, J., and King, A. T., J. Textile Inst., 20, 151T (1929); Brit. Chem. Abs., B, 846 (1929); 

roe ae EbO 3 J. Research Bureau Standards, 15, 601 see also Sommer, H., Chem. Ztg., 51, 777 (1927). 

aneko, H., Bull. Chem. Soc. ‘ 3  ®Castiglioni, A., Chim. e l’Ind., 17, 82 (1935); Brit. Chem. Abs., B, 540 (1935). 

Von Allwérden, K., J. Soc. “Chan tat “as Seale Nectar ee 
Cunliffe, C. W., J. Teatile Inst., 27, T25 (1936); Chem. Abs., 30, 3244 (1936). 

7 Meunier, L., and Rey, G., Rev. gen. mat. col., 2B 6 ); Naumann, K., Ibid., 36, 707 (a Sommer, H., Chem. Ztg., 51, 777 (1927). See, however, Smith and Harris.” 
Compt. rend. 183, 396 (1936).) 90" Mh COhs Bs 66 (1924); J. Soc. Chem. Ind., 1924B, 370e  ®Rimington, C., Biochem. J., 24, 205 (1930). | 

a ee ae wes Ztg., 48, 337 (1924). a 3 4 as = and Harris, M., Am. Dyestuff Reptr., 25, 383P, 542P (1936); Brit. Chem. Abs.,,B, 

rgen, °9 } a 
; 046 ate, / ; . ; : 

Chem. Abs.. B, 740 one 6, 745 (1925); 7, 451 (1926); Chem. Abs., 20, 2251 (1926); Brite (1936), Research Bureau Standards, 17, 97 (1936); Rayon Textile Monthly, 17, 501, 727, 

73 Meunier, L., and R : . : Avhisaes aead cdaay. ey, G., Compt. rend., 183, 596 (1926); Cuir Tech., 16, 530 (1927); Chem. 
80 See also McMahon, P. R., and Speakman, J. P., Trans. Faraday Soc., 33, 844 (1937). 

® Harris, M., and Smith, A. L., J. Research Bureau of Standards, 20, 563 (1938). 
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ive papers) in acid solutions In order to ascertain the likelihood of oils staining textile fabrics 
poses to expose pieces of tape, treated with the oil, to the li 

| : i £ light-sensit » Gray 82 | sed in the preparation of 11g z 
‘ nd ... ng u ae ith evolution of nitrogen a 

ght of a quartz m._ jc aci¢ Breet sunlight, proceeds iS eee : The reaction was conducted arc, using a standard oil for purposes of comparison. A half-hour exposnmil sed a Re the diazo- group by a ee dye in the bleached solution distance of six inches from the lamp was found sufficient to develop a stain , tion so that the pence ena the reaction due to rays erin oils likely to discolor fabrics. WW Gcid 5° Jace. Fukushima an orio Tt 3 t affected by 
: , . b a . rder. it is no Paine, Radley and Rendell obtain fabrics fluorescent in ultraviolet ior. pd 20% ae photolysis being a reaction of ier ie at 3666A. The addition impregnating them with an aminostilbenesulfonic acid.83: o4 ‘she a 4500A, Mis a tum yield 

‘ erature. The quan 
gnge 4 ae fo effect on the order of the reaction. 

be 

PHOTOCHEMISTRY OF Dyess 85 ‘a79- compounds in a spectro- | a salts” 91 exposed papers treated with a ce ie oe et sensitivities to be _ Diazo-Compounds and Azo Dyes. According to Eggert and Schroter er ee mercury and tungsten arcs atl ee in the case of copying papers nitrogen is evolved at a constant rate during the photochemical decompositig k a h to lated to their extinction coefficients, a 
the diazo- compounds derived from 2-amino-g-naphthol-4-sulfonic } mply te i ‘lami In an 

hol-4-sulfonic acid and of p-diazo-diphenylamine sulfate. Ina 
O —-4— a p-aminodiphenylamine. This diminishes gradually when the illumination i 

drawn. The quantum yield (about 0.35) is independent of the intensity i wave-length of the light and of the temperature and concentration of the digg solution. The same quantum yield is obtained when the solid compounds a. studied. Schroter 87 also determined the rate of fading by comparison with can standards. The quantum yields so determined were somewhat higher, the dey. tions being considerable in the case of the product from p-aminodiphenylamin 
The lower values found by measurement of the evolution of nitrogen are attribut, to the occurrence of side reactions which inhibit the complete evolution of liberated nitrogen. On adding acid, the yield is unchanged in the case of 2-amino 
a-naphthol-4-sulfonic acid, but acid reduces that of the p-aminodiphenylamine eop pound. from 0.52 to 0.35. Alkali reduced the quantum yield of the former - 0.15. With the latter, precipitation occurred. In alcohol solution, the yield 
increased to 0.5 to 0.6 for both substances, possibly because of the formation o soluble diazo-molecule-alcohol complex which favors the reaction. 

Schmidt and Maier 88 concluded that the bleaching of 1,2,4-diazonaphtholsw 

r were similarly 
eee 92 in which various diazo- compounds on ae at was found 

gension © ‘con arc, and developed wits arian dhs a-wavedtengts less than x , S 3 posed 10 # ium compounds were decompo d values for 
3 some aan ay of the position of the substituent. The threshol : 
g dependent! + 298 

( : imi molecular absorption. 

poe Pi veness coincide well with the limits of the 
ht-sens! 

z diazonium chloride. ‘ : was slight cloudiness, 

a ae weather, 2.7 to 11 times greater when there 
nc ’ rreater 7 ‘creased in completely cloudy weather. 

a 1 depolarizer nd was ine ee +48 duced when no specia | B caystal Scarlet is visibly oxidized and re ee 3 tosensitize 
f zinc oxide as pho Mead in the presence O 

is used im 

ae being due to ozon henylhydrazine 
oo. Be ecrvical reduction of methyl fet meee ie 13584. is zero 

P Brophy solution as a Se ie Pan ; ies velocity is inde- with c : ding to Ghosh an efl- ‘ 25 to 35°C.) 
Bema inorder, accor (im: concentration and of temperature (2; The 
dent of the ‘nkehabe ne 10-5 molar concentration of aE is 

¥ pecs - ee 0.45 when only the radiation appar by a5 ee hie 

ees The dark reaction is extremely i ss thevphenpliydeani con- cons! co, : ith a constant proporti is unimolecular wi ae | OA, the reaction 
a ‘eld of 0.05. For the wave-length 54604, en 

centration and a AT on sles a Syeda with a velocity indep endent-o 

in both methanol and benzen d 0.1 : ‘eld varies between 1.0 and V.1, 
.. entration. The quantum yle drazine hydro- 

eae with sueteasine chlorophyll conga ee : per Ser reese dent’ Gf tbe 
oe measura , ie ie k reaction has a ‘eld and 

Eorop” ‘I Be tection The light reaction has a very low quantuln Y chlorophy ) 

of 

.82 Gray, T. T., Oil Paint and Drug Reporter, Aug. 9, 1915. 
#8 Paine, 'C.,. Radley, -J. A, and Rendell; L. ‘P.,; U..S. P. 2,089,413, Aug. 10, 1937; Chem. Abs., 3 7264 (1937). ey 
8¢ For fluorescence tests applied to various textiles, see Derrett-Smith, D. A., J. Textile Inst., 28 T145 (1937); Chem. Abs., 31, 7256’ (1937): Korda, P - and Déribéré, M., Tech. moderne, 29, 35: (1937); Henk, Hy J. Kunsteide und Zellwolle, 19, 426 (1937); Chem. Abs., 32, 3620 (1938); Radley J. A., Analyst, 63, 266 (1938); Chem. Abs., 32, 4344 (1938); Tupholme, C. H. S., Tertile Colorist, 6( 441 (1938); Radley, J. A., J. Soc. Dyers Colourists, 53, 376 (1937); Whittaker, C. M., J. Soc. Dyer Colourists, 53, 468 (1937); Chem. Abs., 32, 1461 (1938). Undyed wool shows a weak violet fluorescence and undyed casein fiber a dead-white one. The results of ultraviolet-lamp readings should. be con sidered as presumptive only, 

| 
and should be rejected in the presence of contradictory evidence. 

85 For absorption data and a discussion of chromophore theories, see Brode, W. R., Ber., 61B, 17m (1928); Bureau Standards J. Research, 2, 501 (1929); J. Am. Chem. Soc., 48, 1984 (1926); 51, 120 (1929); Obreimov, I. V., and de Haas, W. J., Proc. K. Akad. Wetensch. Amsterdam, 32, 1324 (1929); Blumberger, J. S. P., Chem. Weekblad, 25, 282, 315 (1928); 29, 454 (1932); 30, 538 (1933); 32, 6 (1935); Hodgson, H. H., and Rosenberg, W., J. Soc. Chem. Ind., 49, 405T (1930); Szegd, L., Ber. - aces bi heae 62B, 736 (1929); Cambi, L., and Szeg6, L., Ber., 61B, 2081 (1928); Funkhouser, an rode, W., J. Am. Chem. Soc., 56, 2172 (1934); ‘Piper, J., and Brode, W., J..Am. Chem. S 
7, 135."(1935) ;. Chakravarti, G. CS J - Indian Chem. Soc., 8, 503 (1931); Mangini, A., Gazz. chim ital., 65, 298, 308 (1935); Barkoff, S., Bull. soc. chim., 2, 1288 (1935); Foster, D. G., J. Am. Chem. Soe., 53/654 (1931); Maki, T., J. Soc. Chem. Ind. Japan , 34, 496 (1931); Luszcak, A., and Griin, L., Monatsh., 64, 349 (1934); Griffith, M. E., and Brode, W. R., Ohio Agr. Expt. Sta., Bimonthly Bull., 192, 122 (1938); Chem. Abs., 32, 7732 (1938); Lazarev, P., Chimie et Industrie, Special No., 457 (1928); Schumm, O., “Die spektrochemische Analyse natiirlicher organischen Farbstoffe,” Jena, F ischer; Zintl, E., and Rauch, A., Ber., 58B, 234 (1925); Hirschler, L., Biochem. Z., 190, 411; (1927); Szilard, A., Ibid., 170, 185 (1926); Speas, W., Phys. Rev., 31, 569 (1928); Merritt, E., Ibid., 28, 684 (1926); Prideaux, E., J. Soc. Chem. Ind., 45, 664, 678, 697 (1926); Dutt, S., Quart. J. Indian Chem. Soc., % 99 (1927); Holmes, W., and Peterson, A., J. Phys. Chem., 36, 633 (1932); Hewitt, J., Sci. J. Kem 
Coll. Sct., 3, 27. (1933); Scheibe, G., Kolloid-Z., 82, 1 (1938); Scheibe, G., and Kandler, L., Natur wiss., 26, 412 (1938); Sen-Gupta, S. B., J. Indian Chem. Soc., 15, 263 (1938); Chem. Abs., 32, 8939 (1938). - 

;* 
86 Eggert, J., and Schréter, W., Z. Elektrochem., 34, 602 (1928). c 
87 Schréter, W., Z. wiss. Phot., 28, 1 (1930); Chem. Abs., 25, 43 (1931). 
8 Schmidt, J., and Maier, W., Ber., 64B, 767, 778 (1931). 

: - Chem. Abs.,. 26, $4. 372, 374 C1931); C | , Soc. Chem. Ind. Japan, 2 18? Abs., 25, 4797 (1931). 
Dy 2 Fukushima, I. and nad motes Univ., 6, 179. (1931); Ht oS Prom., 2, No. 11, 

— ae Bolsa A. F., and Ankinovich, A. G., Anilinokras 
9 Kogan, N. M., Pisc g the, seg 

1933). ; ., 28, 5338 (1934). 
ee) . ae Ae aa Imp. Univ., 8, No. 1, 26 ae ; Set ease, 

> em. Con. ne (1934); Chem. Abs., 28, d - 98 ; . Ind. Japan, 37, 322 met : iti the diazo- compound, 
aa oe ee to solutions containing, IL store, M., ail Yamashita, S., 
& The pelts eee ‘Scarlet 6RA Extra and ) 3 °C1988) . / 

“Z. wis. Phot., 33, 273 (1938); Brit. Chem. on 2758 (1938); Chem. Abs., 29, 6492 ree Sian “. SS. ey 9 : ‘ “hom. 

et tie er NE 1. Soc. Chem. Ind. Japan., 38, 398B (1932); Che 
© Fukushima, I., Horio, M., , 1934). “Abs., 26, 5848 (1932). dov, V. N., Kollotd-Z., 66, 191 (1934); Chem. Abs., ae: oe 
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: : 
(C Hs) * On i (CoHs) aE er? HCl + ae si 

small temperature coefficient. Its unimolecular constant is proportion ; l to the centration of the reducing salt. An activated complex of the E tri Imethane dyes (bril- chlorophyl and p, nown 199 that the leucobases of triphenylm nk ; ight-sensitive, readily 
red is believed to play a part in the reaction mechanism, t has Bee ite green, crystal violet, nite ma Be EE to utilize these 

Since the photolytic oxidation of cellulose is accompanied by the evolutie mere corresponding dyes. ug Ae leaed that miced it colo carbon dioxide and since cotton dyed with simple azo-dyes yields more am cing color photography. er dioxide upon irradiation than undyed cotton, Haller and Ziersch 98 4 ions 1 Re ide films oxidations 17 form films more light-sensitive than the dyed silver halide 
; ases too a . -oll 112 found these - Jeucob ; £ the visible region. Carrol , Bsy used in the P aaa ae and to be proportional to the light intensity. 

fio 

. Rey pat ; conclude the fading to be an oxidative process. The carbon dioxide production js greater 
the samples are exposed in an atmosphere rich in oxygen. 7 induction peri hi lication, 

. i a show no i tical photographic applic 
Exposure of a dilute (1: 10,000) aqueous solution of 1-p-sulfobenzenea, yctions Be ty was, however, tae OF Fee meres eae as heterocyclic and 

phenyl-@-naphthylamine to sunlight gives ang. naphtho-phenazine and mainly , gens dations may be accelerated by 
sigh the oxi 

betaine of 3-phenyl-2-p-sulfophenyl-¢8-naphth-1,2,3-triazolium hydroxid atic .. been made of this behavior in actinometry. An important appli- 
| as 

sure of 1-benzeneazo-N -phenyl-@-naphthylamine on cotton immersed in after concentration of the extract and treatment with Picric acid, 2,3,-4 

e,99 

: 
‘ : >; tr 13, how- iphen I . Be ctal violet and, particularly, malachite aan ts eae ated by é 

| a. ry . S : 
naphth-1,2,3-triazolium picrate, but not ang. naphtho-phenazine. The Nite or + d upon a reaction of their AER ot toast cyanide to a tri- 
derivative of 1-benzeneazo-N -phenyl-G-naphthylamine is much more D2 d been known that the additi Stable to jj rai Hitz 13 It ha aie ; colorless triarylacetonitrile. 
Diphenyl-4,4-bis- (8-azo-N -phenyl-@-naphthylamine) on cotton is bleached rant a dye bleaches it with the aes eae * of the latter products were 
by sunlight in air or oxygen. In nitrogen, bleaching is very slow. Azo. ‘d ony! d that the colorless alcoholic so from N-alkyl-@-naphthylamines are not so readily convertible into triazolium , and are much more stable in light. | Golden yellow solutions of (CgHs)3CN=NC,H 
exposed to light of short wave-lengths,100 

hi : saat iron-nickel 
ted ‘nto the corresponding dyes when irradiated by an 

idly conve : it is due to the ‘ light in glass, so that it 1s ip occurred but slowly in sunlig! : ‘laglove Sie forays, Wen placed in darkness the dyes agnn ote this color The raviolet Tay~- lectrolytes. Irradiation w ie % : in alcohol were not ele MN 24s : ductivit 
ed eicicd dissociated dye ions and cyanide oa pee of pak rt them in ‘ally I ssible to demonstrate ' i ncrease. It was po ; : olutions 
oh ile Bertie up concentration cells of dark and illuminated s 
anide 10n 2 in silver evanide coated clectrodes, 
Senior behavior was encountered in the thio 

5 are decolorized rapidly ) 

Triphenylmethyl and Triphenylmethane Dyes. The free radical, triphenylme¢ was found by Gomberg and Cone? to be bleached in sunlight in benzene solution y the production of triphenylmethane and unidentified substances. Schmidlin and Gar, 
oducts to be triphe le sulfonates of the slowly in diffused jj cyanates and Visible light (5300-4000A) is the most active portion of the s | : ; PE, benzaurin) and in 
pectrum. The prese 7 s in the dihydroxy-derivatives ( of triphenyl peroxide or triphenylchloromethane does not alter the reaction, id {hae iphenylmethane dyes, a Me spite It became apparent that triphenylmethane 

nature of the solvent has a marked effect on the rate of the reaction. In tolye asubstituted triphenylmet yale. 1 a lyte and electrolyte forms: The primary 
decolorization was more rapid than in benzene; in 1,3,5-trimethylbenzene and m-xylen erivatives can exist both in non-electroly was even faster, and in hexane, the most rapid 

4 tron ist i transfer of a valence elect: a as believed to consist in the trat le 
r, oo Saisie: to the cyanide or other group, which thereby ipa inereri 

in 45 per cent yield by exposing a cyc TOI. .. hettiy! ion need not, however, be colored Saree ‘ hs follows: 
i The tripheny oe ; : nted the process : ? ‘titi tion. Lifschitz represe | a further constitutional altera 

at 2 
CeH.N Re “%s, . 

= Light ne ipee dea =NR. | + CN- 
(R:NGH.) sCCN oer [ (ReN CeH,) sC]* oe CN Dark ae CoFls ] 

Colorless, Dark Dar C.FNE.e 
-undissociated 

‘. i ectra of the Harris, Kaminsky and Simard,!4 who studied the peor ath sta ee 
let cocyanides and products of photolysis of malachite green, i the color. They ne hanism inadequate to account for the phenomenon of fading o : 

i the the addition of water to the alcoholic (95-per cent) solutions arian net Ri 

rate of fading, which could be similarly accelerated by potassium hy 

i ¢. 0 af? 4 ; ‘ , . 
_ According to Tanasescu,™ 2,4-dinitrotriphenylmethane on insolation in neutral ‘so tions yields the red O-quinone derivative, and in pyridine, the green nitrosocarbinol, — 

ethane gives’ a blue compound and 
hydrochloric acid to 2,4,’4”-triaminotr 
triphenylmethane gives a blue compou and a compound CssHs2Oo.Ne. The diethylmercaptol of Michler’s ketone 1 quickly tur. green in light, especially when moist. A solution of triphenylmethane and tripheny chloromethane in light forms triphenylmethy] reversibly.1® q 

* Haller, R., and Ziersch, G., Melliand Textilber., 10, 951 (1929); Chem. Abs., 24, 3373 (1930). ® Krollpfeiffer, F., Miuhlhausen, C. » and Wolf, G., Annalen, 508, 39 (1933); see also Witt, O. N mer., 20, 571. (1887), 
100 Lifschitz, I., Ber., 58B, 2434 (1925). 
10. Gomberg, M., and Cone, L. H., Ber., 37, 3545 (1904). 102 Schmidlin, J., and Garcia-Bants, A., Ber., 45, 1344 (1912). 103 Bowden, S. T., and Jones, W. J., J. Chem. Soc., 1149 (1928). 404 FFalford, J. O., and Anderson, L. C., Proc. Nat. Acad. Sci., 19, 739' (1983). 105 Tanasescu, I., Bull. soc. chim., 39, 1718 (1926); see also Chem. Abs., 21, 533 (1927) for o-nitr triphenylmethane. 

7 106 Tandsescu, I., and Suciu, M., Bull. soc. chim., 4, 1 245 (1937); Brit. Chem. Abs., A II, 375 (1937 Madelung, W., J. prakt. Chem., 114, 1 (1926). 
: 108 Schlenk, W., and Herzenstein, A., Ber., 43, 3545 (1910). 

Qa 

10 Gros, O., Zz. bhysik. Chem., 37, 157 ments ‘10 KGni ae . Chem., 17, 1633 (1 : : . Ind., 38 um Riery. ML, Phot. Korr., 56, 140 (1919); Chem, Zentr., 90, 396 (1919); J. Soc. Chem 78 (1919); 
™ Carroll, B. H., J. Phys. Chem., 30, 130° (1926). er C., Z. physik. 48 Lifschitz, I., Ber., 52, 1919 (1919): ‘58B, 2434 (1925); Lifschitz, I., and Joffe, 

Chem., 97, 426 (1921). | 1935). SeHarris, L., Kaminsky, J., and Simard, R., J. Am. Chem. Soc., 57, 1151 (1935) 
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cyanide. No dark reaction could be observed if hydrochloric acid was addeq aa 
before or after the photochemical production of the color. The addition oa 
acid to partly faded solutions restored the color completely, unless the Water 4 
tent of the solutions exceeded 20 per cent, in which case there was on] *01 
97 per cent restoration of the color. No color appeared when hydroc 
was added to a non-irradiated leuco-cyanide solution. This indicate 
product of the dark reaction in 95-per cent alcohol is not the original le 
In their modified mechanism, importance was attached to hydrolysis of the ohal 

compound. In the absence of hydrochloric acid, the final product of oy 

ga converts it into a red dye, assumed to be fuchsin chctechap peeve 

4) day® s by hydrogen. The presence ae ee eS iti malachite 
y Ne ev otation and coupling reactions. Under Spee pee ee 

hi Sa rove 4 believed to be converted into Doebner’s violet. With Magne light 
a THA Ag cee 3 ‘i were more rapid than the bleaching of the sibradions ba aye vosudaden 

ucoeyg i lot Ete colors, the more rapidly the more goad e arp ob entae fight, the 

_ ne by hydrogen peroxide 1s oe eee that in the presence of air and Ee achsi ¢ fuch roups being unaffected. Iwamoto 
the da “nift0- iolet oxalate are converted into 

reaction was assumed to be the colorless carbinol and not the original leucocyaniil min® Baiachite green oxalate and oe a respectively. Ina sealed tube, 
Accordingly, they proposed the following scheme: a ight thylaminoacetophenone and Michler’s ketotr - ‘Neyde, Frankenburger and 

4 eesystal Be oaicey = fete as ta of seine solution containing 
Eight the © 120 found that on prolonged irradie idatior . =C— a t a nn oun ae s bly by oxidation. 

Gare aie oared cy Be Sadr fag ener oe gigmmer”™ nide, the leucocyanide is completely destroyed, probably by 
3 a increase 

Bs enaiein Dyes. The radiation of an are light has been said to inc " phthalein | be ho 

pe rapidity of the oxidation of Lei ae ee wireline 
the Ale i shibits a blue ra 

e : lvcerol solution ex , Dest ret 
F We ascd by eirearriolet light. This is gradually and permanently los 

when irradiate : 
d ieaged irradiation by wave-lengths shorter 

[(CH ) NC i Me H =C
OH HCl . {[ (CHs) 2NCeHi]o

CsHs= C}ICNF Coloredill 

8/2 6L14j2eC6f15 == 

Colorless, non-dissociated IV {[ (CHs) eN CeH.]oCeHs=C}*Cl- Coloreail ; 

The carbinol can undergo a photolysis to the colored compound, which account 
for the regeneration by light of the partly decolorized solution. 4 
that reaction I is instantaneous, but that reaction III may be sl 
Reaction IV was known to be comparatively slow from measurements made Witt 
the pure carbinol. Reactions II and IV were found to be fast if hydrochloric agi 
was used during the photolysis. No evidence could be found for the formatior 
of an intermediate compound in Ia. The dark reaction had a positive temperature 
coefficient. Ariga 115 observed also that the colorless solution of malachite gree 
produced by the action of alkali rather than cyanide (probably a colorless pseudo 
ammonium base) regains its color when irradiated by a mercury arc or inte S 
sunlight. The unimolecular rate constant was independent of the alkali conce a 
tration and temperature, but was proportional to the light intensity. ; 

The Lifschitz reaction was made the basis of a useful actinometric solution by 
Weyde and Frankenburger,6 who used a pure alcoholic solution of the leuco 
cyanide of crystal violet. The quantum yield of the color formation is unity for the 
wave-lengths 2537 and 3130A. If enough cyanide was added to insure reversa 
in' darkness, the solution was found to be suitable for use by physicians and 
meteorologists for measuring the erythema-producing rays of sunlight or artificial 
sources. In the case of this dye, the reverse dark reaction has a temperature 
coefficient of five. Its rate is proportional to the dye concentration and is greatly 
diminished by the presence of a little water. | 

For a precision actinometer, Harris and Kaminsky 17 found the malachite 
green leucocyanide to be superior, since it has thirty times the solubility of the 
crystal violet leucocyanide. It was especially suited for the region between 3340 
and 2480A. With malachite green, a shorter cell-length may be used with cer- 
tainty of 99.9-per cent absorption, the correction for inner-filter action by the 
photocompound is less, and colorimetric measurements can be made more acct 
rately for the green dye. The quantum yield is unity. | 

Relatively little is known of the bleaching of the triphenylmethane ce 

than 2540A. Glycerol solutions of 

i i mine simi- 
; i i -vthrosin, eosin and rhoda int 

. iO crocein, esculin, eryt! : 5 

mretirylene violet, miei " osure to ultraviolet light. Solutions 

; < lose their: fluorescent properties on expost é Netter @aasittre 1 

7. sine, eosin and rhodamine in benzyl alcohol are | 
lutions,1?? aarti Bit ieht than are the glycerol so ite : ht' is a 

a a sted 128 that the bleaching of fluorescein dyes by lig 4 i 

ie has been sugec ide probably formed from water and Oxy 

Mincess of oxidation by hydrogen peroxice P d olecule by light. 
a this reaction requiring an activation of te ye ; olutions containing 

Be peychler 124 found no iodine liberated in CHa mca ar hae oe aoe 
ee INC : 4. the ium dichromate . Pe ey ie dide, 0.5 gm. of potass he iodine fem. potassium toc ioht after forty minutes the 10d! 

pet eo 2 i Meier Sie atch thiosulfate solution. ae 
ne equivalent to 2.8 cc. of I- | 6.37 an i. sutitee in sunlight, the amounts of thiosulfate used were 6.3 an 

two a = Ce 125 | kness 

Bre the presence of reducing agents, cosin Is BO ae ed site Blais r : : , i tz lamp, 1 - ; ae aa nlight or the light of a quar fil aa ob 3 
ee warming. in 5 Tasihins quickly in darkness unless the irradiation has 
‘hydrogenated. The color re ‘4 is irreversibly changed into 
Se longed, in which case the eosin 1s 1fT 
been unnecessarily pro ee ) 
Sa Ci tance. | ;  astrongly fluorescing subs me queda. solitons 

| Methylene Blue. Nurnberget Spree SIM aise nt 2920 and 2460A. 
_ of methylene blue have Bo teen Ofte aes es a decrease in the absorption 
Me totion of the solution with a mercury arc Causes a ae Ae! Dhelat Irradiation of the : reatest in the solutions of hig 
“in the visible and ultraviolet, the effect being gre absorption are shorter 

pH. The wave-lengths most active in decreasing the absorption 4 

x 

It was assume 
ow or moderat, 

s 

Me Henriquez P. C., Rec. trav. chim., 52, 991 (1933). ne AbeoS 1090 €1935). 

89 Iwamoto K Bull. Chem. Soc. Japan, 10, 420 C1980) ae cis chem 17B, 276 (1932). 
B20 Weyde, E., Frankenburger, W., and Zimmermann, W., Z- piysit. itis i 

| HiRossi, G. ‘Chem. Zentr., $2, 1659 (0911) cere, AA) ‘Chem. Abs., 20, 1562 (1926). 
id . d. Polonaise, ~Oy é . ‘ ne DN 4 .. a ee J. Phys. Chem., 37, 1123 (1933); see also Chakravarti, D 

ee Bium, H. F., a g Ne Beg Te 
| id ee 299 (1925). "5 Ariga, T., Bull. Chem. Soc. Japan, 2, 65 (1927); Chem. Abs., 21, 2103 (1927). 3 and Dhar, N. R., Z. anorg. Sige are 34 A (1925); Chem. Abs., 20, 544 (1926). 

116 Weyde, E., and Frankenburger, W., Trans. Faraday Soc., 27, 561 (1931); Weyde, E., Franken- r oseychler, A., Bull. SoC. chim. spe soo 1169 (1925); Chem. Abs., 20, 1035 (1926). 
burger, W., and Zimmermann, W., Z. physik. Chem., 17B, 276 (1932). - _ * Kégel, G., and Steigmann, A., Phot. in Chem., 38, 71 (1934). u7 Harris, L., and Kaminsky, J., J. Am. Chem. Soc., 57, 1154 (1935). _ ©8Nurnberger, C., and Arnow, Ly J. Phys. em., 38, 
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is ee For this reason, the change in absorption by aqueous : 
or methylene blue cannot be used as a measure of the light intengj Soltti 
ee id active region between 2900 and 3100A “nsity jm 

Most photochemical studies on this dye have been concer 4 
sensitized processes. Brandt 127 studied the iron-sensitized eee a ed 
of ethanol and a phosphate buffer at pH 8.6. A considerable dark rea ti 7 Presengg 
only when both alcohol and ferrous ions were present, and it was in euch ct 
that the greatest photosensitization was observed. The reduced ooh oa 
reoxidized in the dark, an equilibrium being established which is di he et 
the side of leuco-methylene blue. SPlaced toway 

In light, zinc oxide acts on aqueous solutions of organic dyes of wid coal 
classes.128 In pure, air-free aqueous solution, the dyes a both ox aa 
reduced. In the presence of an anodic depolarizer, they are eabhfival Zed an 
With vat dyes, photolysis still occurs even at the highest reduction 4 vedic 
ae v. i the case of safranine. A considerable difference in potential peli 

€ anodic and cathodic processes can be overcome by light. With azo-d a 
photolytic reduction is not reversible, the products not reforming dyes i. ae 
to the air. Under certain conditions, sensitizing dyes can act feat oii co 
sia i oxide. The necessary condition is that the absorption repion i as 
a oe izing aye must coincide with that of the acceptor on the short wave-lengil 

In the presence of zinc oxide as photosensitizer 129 ¥ 
formed during the bleaching of Sawa: blue. But i ne ice, i 
depolarizer (dextrose), the velocity of fading is increased and some san il 
formed. The sensitizing action of yellow mercuric oxide is greater abe aa 
cadmium oxide, yellow lead oxide and the uranyl ion, less than that ot i ‘na % 
The addition of manganese dioxide, uranium dioxide of eadea » incl 
the action of zinc oxide. The bleaching is irreversible. 

Pyruvic acid, “Kojic” acid, ethyl acetoacetate, phloroglucin 
reduce the dye in the absence of oxygen when irradiated.130 

The enzymatic reduction of the dye by Bacterium pasteurianum and by liver 
extracts is also speeded up by light. The dye molecule and not the hydro "a . 
or the dehydrase is activated in the photochemical reaction. ae —_ 

The equilibrium potential of the methylene blue and phenylhydrazine sulfc } 
reaction 1s light-sensitive," the direction of the displacement of the e alibi 
being opposite in light from the two ends of the visible spectrum Hellstré 188 
has observed that the redox potential of the methylene blue-ferrous ion va 
decreases reversibly in light, the potential change being dependent on thie aa 
However, the potential of the iron-free 50-per cent reduced dye is’ not affected By 
light, and the addition of ferrocyanide does not make it photosensitive. Li he 
activation of the dye may cause the formation of a methylene blue-iron comple 

tion 

ium oxide increases 

L 

ol and resorcinol 

A procedure advocated by Marie i rocedure | ted by Marie and Raleigh** for the treatme . 
for use in biological stains consists in dissolving one gram in 100 ce ie Roe 

127 Brandt, K. M., Arkiv Kemi, Mi , 
also Weiss, J., Trans. Faraday Nahe ball a Pep ean Chee ee abs, 30, 386 | Cn 

euw el er, *9 ° WI1SS, t., 9 3 Bi it. Chem. Abs., 1928A, 457 ° 

ad ? 10 ‘Tamiya, H.,/ Hi : (1931); y ida, T., and Tanaka, K., Acta Phytochim., 5, 119 (1930); Chem. Abs., 25, 1531 

181 Holst, G., Z. physik. Chem., A175, 99 (1935) ) ni r) . . , *y ; 179A 172 s 
132 Helistrous, IL, Shutaieuisch on. ae pees ’ (1937); Nature, 139, 285 (1937). 

wo Marie, S: V., atid Raleigh, J.T: 3: Lab@Clin. Med., 10, 250 (1924). 

i 

| sul 

‘efficiencies being similar in each case. 

 poth processes depends on the deactivation of activated molecules by collisions. At 
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_. 

i sum bicarbonate solution and exposing in an open shallow dish to an arc lamp 

cent w to thirty minutes. When cool, there is slowly added 500 cc. of Q.1l-per cent 

for wish eosin solution until the surface becomes purplish with a metallic luster and a 

: erjack powder is formed on the surface. After filtering and air-drying 0.1 gram 1s 

fn sived i 60 cc. of acetone free from methanol. 
a 

Irradiation of methylene blue, thionine, or brilliant cresyl blue in acid ferrous 

ate with the visible light of a strong carbon arc produces bleaching or a change 

olor, due to the formation of leuco- dyes, which is irreversible if the ferric 1on 

ed is precipitated by hydrolysis. In darkness, the process is completely rever- 

he ferric ion being reduced by the leuco- dye.184 In the absence of the dye 

adiation of a 0.5 molar solution of ferrous sulfate in sulfuric acid by a 

ercury arc produces hydrogen when oxygen is excluded. 

d 

in c 

form 

sible, t 

the itt 
ett ong m1 

The rate at which Lauth’s violet is bleached in aqueous methanol solution in 

the P resence of diethyl-@-allylthiocarbamide as acceptor rises rapidly toward a 

jimiting value as the concentration of the latter is increased, and at the same time 

the temperature coefficient falls. Hydroquinone, pyrogallol, and phenol retard the 

pleaching and also reduce the fluorescence of sodium naphthionate, the relative 

The part played by these substances in 

high concentrations, electrolytes either accelerate the bleaching somewhat or retard 

it but slightly, although with small concentrations of some salts, there is a pro- 

ounced retardation,1°° 

If a 0.001-per cent aqueous solution of Lauth’s violet (thionine) containing a 

small amount of ferrous sulfate (0.0075 mole per liter) and 0.01 molar sulfuric 

acid is cooled to —10°C. and exposed to the light of a powerful arc light, the dye 

is bleached in one or two seconds by a reversible process. The higher the tem- 

perature and the weaker the light, the slower the reduction. Lauth’s violet has 

a positive reduction potential, 0.045 v. Methylene blue, Nile blue, phenosafranine 

and neutral red, all of which have negative normal reduction potentials, do not 

behave in a similar manner. In the case of methylene blue, photoreduction occurs 

if the ferrous sulfate is replaced by potassium ferrocyanide, which has a more 

negative reduction potential. The phenomenon can be explained by supposing that 

the photoexcited molecule (Lauth’s violet ) has a more positive reduction potential 

than the unexcited molecule, and even more positive than that of the ferric-ferrous 

ion system. Therefore, a reaction can occur with the formation. of leuco- base 

and ferric ion. The maximum of the absorption band of Lauth’s violet at 6000A 

‘corresponds to an energy (47,370 cals. per mole) more than sufficient for the above 

n 

_ change. Methylene blue has a more negative reduction potential than Lauth’s 

violet and its absorption maximum lies at longer wave-lengths (6700A) so that the 

energy absorbed is insufficient for the reaction to occur. 

Bleaching of Dyes. The rate of loss of color of indigocarmine in ammo- 

nium oxalate solution by atmospheric oxidation under the influence of violet light 

obeys the law of mass action for concentrations ranging between 1 per cent and one 

to twenty thousand.18° Similarly, the oxidation of helianthine follows the law, even 

in the range of concentrations in which solutions exhibiting an appreciable fluores- 

cence do not follow it. 

184 Weiss, J., Nature, 136, 794 (1935). See, however, Weber,187 Leuco methylene blue turns blue in 

the light and is decolorized by standing in the dark, according to Matiu, A. I., and Popescu, C., Bull. 

soc. chim., 4, 1230 (1937). This had been previously observed by W. M. Clark, U. S. Public Health 

Reports, 40, No. 23, 1131-1201 €1925), 

135 Weber, K., Z. physik. Chem., 15B, 18 (1931); Naturwiss., 23, 849 (1935). 

186 Perrin, J., and Choucroun, N., Compt. rend., 187, 697 (1928). 
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An increase of temperature between 15 and 45°C. retards the photoch 
decolorization of benzene solutions of cyanine and gallocyanine.1%* 

Aside from the detailed studies which have been made on the Photochemig.. 

of individual dyestuffs, there have been many observations of the bleaching of d 

stuffs in general. Some have contributed essential data on the relative light. 7 
ness of different classes of dyestuffs. Others have been more or less specy 

but have in some instances at least brought forward stimulating suggestions 

the mechanisms concerned.1%§ 

Crespi'*> found no parallelism between the action of solar and ultraviolet 

adiation in their effects on cotton dyes. Ozone formation played no part in the 

“on of the latter radiation. Evidence in support of an oxidation mechanism has 

Seen advanced by several workers. Scharwin and Pakschwer 146 exposed methylene 

pine. crystal violet, Congo red and eosin on cotton or paper in glass tubes in which 

ere sealed various gases, to the action of sunlight or the light of a mercury arc. 

rhe speed of bleaching decreased in various gases in the following order: oxygen, 

nitric oxide, nitrous oxide, carbon monoxide, carbon dioxide, hydrogen, nitrogen. 

No pleaching was observed under nitrogen and generally none with hydrogen, 

although in the latter case, decided changes due to reduction sometimes occurred. 

‘Jn oxygen, nitric oxide and nitrous oxide, carbon dioxide could always be detected 

after the exposure to sunlight. The changes due to oxidation were irreversible. 

When the dye was absorbed in porous clay, the amount of carbon dioxide produced 

after four months in sunlight was much less than in cases in which cotton was the 

substrate. 

It has recently been pointed out that in practice consideration must be given 

not so much to the effect of light on a dye as to its effect on the entire fiber-dye 

system. A single dye may also fade, but may be permanent when present in 

admixture with a more resistant dye. 

“Micay 

~fast. 

aS to 

Steigmann 189 raises the question as to why certain dyes are light-fast despite 

the absorption of energy by their chromophores. He suggests that in certain casell 
there may be a preferential action on other light-sensitive groups present in the 
molecule which cause an “intra-molecular desensitization.” For this he considers 
alizarin an example. In other dyes, certain other groups, or configurations may 
exert an inhibitory action, but in this case the nature of the transformations of th, _ 
absorbed energy is obscure. | 7 ; 

Although some workers have found light to convert certain dyes, particularly 
of the triphenylmethane series, into other dyes, Barat and Dutt 140 find that, if 

eeneral, sunlight decomposes dyestuffs directly into colorless products. In othe 
words, the net effect is practically the same as that of a gradual dilution of the 

dye solution until its color becomes invisible. Spectrophotometric studies of the An early theory of the bleaching mechanism due to Gebhardt “” assumed the inter- 

bleaching of a number of dyes have been published by Alberts.*** | ‘ mediate formation of an organic peroxide of the dye, but not of hydrogen peroxide. 

Leiber 142 studied the effect of daylight in altering the absorption spectra oa The earlier literature of the fading of dyes on cotton fabrics was reviewed by Cunliffe.™ 

films of dyed gelatin made by pouring 10.cc. of an 8-per cent solution of the dye 7 

over a 100 sq. cm. glass mold. The dyes fell into three classes: (1) Bleaching 
makes the dye density gradually decrease. (2) A region of strong absorption was — 

decreased and a field of weak absorption was strengthened. (3) The absorption 
maximum was displaced to other wave-lengths. The latter two classes were not 

entirely distinct. The following dyes were not affected by exposure to sunlight | 

for 28 days and are suitable for the preparation of photographic filters: Crystal 

Ponceau 6R, Orange II, Pyrazole Yellow, Rapid Filter Yellow, Naphthol Green, 

Toluidine Green and Toluidine Blue. P _ 

Plain calico and similar fabrics dyed with Brilliant Copper Blue, Chlorazol 

Sky Blue and Benzopurpurin 4B were found by Miss Hibbert 149 to have almost 

unchanged copper numbers after exposure to 669 hours of bright sunshine. Since 

complete destruction of the dyes occurred long before the copper number of the 

fabric reached 3.6, it was concluded that the fading of dyed cotton is not due to a 

reducing action of the cellulose under the influence of light, as had been previously 

assumed.15° Certain dyes retard or accelerate the tendering of cotton. Cotton 

fabrics dyed with Duranthrene Yellow, Cibanone Yellow and Indigo, which had 

an original tensile strength of 48 Ibs. had tensile strengths of 27, 16 and 22 Ibs., 

“respectively, after exposure for 120 hours in a Fade-Ometer. Isatin could be 

obtained in a pure state by extraction from calico which had been dyed with indigo 

and exposed to light.151 In cotton materials dyed with chrome green, chromium 

hydroxide had a marked protective effect against sunlight. 

According to Seyewetz and Mounier,!? nitrated coloring matters turn brown — 
under the action of light, which probably has a reducing action. The brown sub- 
stance is insoluble in water and slightly soluble in alcohol, but too little could be 
isolated for its composition to be determined. 

Cotton fabrics dyed with o-tolueneazo-B-naphthol became covered with bright 
lustrous crystals after exposure for three minutes to the light from a Fade- 

The change of conductance of collodion films colored by cyanine, pinaverdol and 
pinachrome was observed by an electrometric method by Zchodro™ during illumination, : 
The collodion itself is unaffected by white light. The conductivity of the film increases 
with the time of illumination and at first is proportional to the time, but on longer 
exposures, the increase becomes less rapid and the conductivity gradually reaches a con- 

stant value. After the illumination ceases, the conductivity gradually diminishes. Cyanine 

showed a maximum conductivity at around 6000A, pinaverdol at about 5700A and pina- 

chrome a sharp maximum at about 5800A. Irradiation of a solution of. cyanine in— 

benzene produced a decrease in its electrical resistance, which rose again when the 

illumination ceased. Illumination with monochromatic light had this effect only when 

its wave-length was in the absorption band of the solution. Kosche™ finds Indigosol 

IBL darkens in light, probably because of oxidation. Not all indigosol dyes are light- 
am 145 ; : . ; C 

sensitive. Crespi, E., Atti congresso naz. chim. pura applicata, 2, 833 (1926); Chem. Abs., 22, 3532 (1928). 

146 Scharwin, W., and Pakschwer, A., Z. angew. Chem., 40, 1008 (1927). 

147 Gebhardt, K., Z. angew. Chem., 22, 2484 (1910); 23, 820 (1910); J. Chem. Soc., 98, 405 (1910). 

48 Cunliffe, P. W., J. Textile Inst., 15, 173; see also Ellis, G. H., Chem. Age., 13, 470 (1925); Bar- 
ker, S., and Hirst, H., J. Textile Inst., 17, 483T (1926). 

149 Hibbert, E., J. Soc. Dyers Colourists, 43, 292 (1927); Chem. Abs., 43, 292 (1927); Brit. Chem. 
Abs., B, 840 (1927). : 

150 See Harrison, W., Ber., 47, 689 (1914). 
151 See also Haller, R., Hackl, J., and Frankfurt, M., Tesrtilber., 9, 415 (1928); Brit. Chem. Abs., 

8B, 479 (1928). In contrast to Indanthrene Yellow, the fading of indigo is a process of oxidation. 

152 Seyewetz, A., and Mounier, D., Compt. rend., 185, 1279 (1927); Bull. soc. chim., 43, 648 (1928); 
Chem. Abs., 22, 916 (1928). 

187 Zchodro, N., J. chim. phys., 26, 178 (1929); Chem. Abs., 23, 3166 (1929). 

188 Kégel, G., Phot. Korr, 68, 83 (1932); Chem. Abs., 26, 5507 (1932). 

189 Steigmann, A., Z. wiss. Phot., 27, 268 (1929); Brit. Chem. Abs., A, 174 (1930). _ 

140 Barat, K., and Dutt, S., Quart. J. Indian Chem. Soc., 4, 265 (1927); Chem. Abs., 21, 3194 (1927). 

141 Alberts, H., Z. wiss. Phot., 33, 234, 249 (1935). . f 

142 Leiber, F., Kolloid-Z., 50, 68, 117 (1930). 

148 Zchodro, N., J. chim. phys,, 26, 59, 117 (1929); Chem. Abs., 24, 1578 (1930). 

144 Kosche, S., Klepzig’s Textil-Z., 40, 584 (1937); Chem. Abs., 32, 6465 (1938). 
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‘je Chemists and Colorists 157 to find a substitute for sunlight whose fading 

un, and a capacity for exact 153 

Ometer.!° The crystals were shown capable of sublimation and w 
‘11 have speed, similarity to the action of the s 

lized from chloroform were obtained as crystals of a different cha hen 
TeCrygp, Text 

same melting point t 
ract ; f 3 

dered Sete et aii cf any dA peta La FS A thin layer af tho Be ction at different times and places. Similar investigations have been under- 

reached in the irradiation, and siethas ae oak us “ 45°C., the tempe te ef i in other countries.1°8 Recent workers have tended to emphasize the unsuit- 

of the dyed fabric. The cotton fabric Aline ¢ to obtain crystalsjasgim thei ' a of most artificial sources for giving results directly comparable with those 

tion in the Fade-Ometer, but it di varia! loss of color due to this ‘ a pit : 1 sunlight fading, since the effects in the latter case are predominantly due 

Eh an bernie
 lian eo 

whereas the artificial sources most frequently advo- 

when exposed in sunlight. Sublimation effects were observed also ie oS It doy 
with o-tolueneazo-g-naph i ‘tl Cc a 

phthol and with combinations of Naph Otton dye, 
ms ’ 

th AS 

AS-RL with Fast Orange G base, but no crystals were site pul a “BO an, 

1 ion of visible rays, 

] ally produce ues disproportionately large amounts of the longer ultra- 

oe t radiations of sunlight or even radiations of wave-lengths shorter than those 

pole ple in sunlight.1°9 Accordingly much effort has recently been expended in 

. 
d that certain colors dyed on 

vail 
4 proving the sunlight test. Hibbert 16° observe 

Sa 154 : 
Curtis ** states that solutions of aniline green and magenta are not bl 

exposed t : 

: : 

Sent Petree ee cade, bat ve Neither are they bleached by the additional Whe Pion and Cellophane exhibited very different fading rates when exposed to sun- 

a cause of the bleaching. Holmes ture is rayed. It was possible to exclude a Spe y a or to ultraviolet rays. The larger the proportion of short ultraviolet rays 

ay violet and crystal violet mite had ‘ioe oes as ae TH malachite preg | ligt source employed, the greater the attack on the cellulose. This produces 

€ 7] 

1Ze 
S 6 ‘Eh 4f 

. 
° 161 

. 

3300, ane colors when exposed to ultraviolet rays of wevelengie a develop F ducine substances which may affect the dye. Harrison observed that in 

The photo-oxidation of ; shorter 4 yum under a mercury arc, cellulose reduced flavanthrene and many direct 

niko. Mere cctens ay: ve sia tle palace dich
romate was studied by a Bs the cellulose being itself oxidized. In sunlight, np its a eee e 

ine, dahlia, aniline green, malachi yes were not affected: tr oe  - | i lai hy direct colors fade mucn more slowly 

; ) chit ar ypan blu : a attacked, and this explains wiy i 

ibe Breet, naphthol erecn. iedine, Riee, nigrosin, ae jess ead 
o fade in the absence of the fiber, 

red, e i raat ; : 
l 

ref erthroving, indigocarmine lus geniian violet, ‘Guine. green Band, Ria 
Hofmann violet meth une, lithion carmine, carmine II, rose Bengal » Drilliang 

’ yl violet, crystal viol er ngal, Rhodamine Bp 

atiei , crystal violet, cresyl fast violet. ve B 

ethyl een, cyanin and naphthalene blue charge very fan, both jn Tight and da 
: : _ blue are stable in “ys nd dark. 

Pierre i etalon ta riot shedsitlahiesceatanb Loca agn even on boiling, but in fight 

, direct colors are said not t 

a ee ss 2 powerful a reducing agent for them as is irradiated cellulose. 

fa the other hand, Harrison found basic colors to fade usually by oxidation 

processes, although fading by reduction may occur under certain conditions. ah 

“t is apparent that the nature of the substrate, as well as the spectral energy @JS- 

tribution, is ‘nvolved in determining the results of fading tests. 

It has frequently been stated that deep shades are faster than pale shades. 

Barker, Hirst and Lambert 1% stated 
that measurements of the proportional oi 

of the predominant color in worsted fabrics dyed to different depths of shade see 

each of fifteen acid, mordant, and direct dyes, produced by sunlight and by a t
 

from a Fade-Ometer showed that the loss of color during fading was indepen pans 

‘of the depth of the shade. Since the total color loss is the same for all shades, 

it is a much higher percentage of the total color in the pale than in the deep 

shades. Recently, however, attention has been called to the existence of a possi- 

pility that dyes exhibit a maximum sensitivity to light when present on the fibers 

at a certain concentration called the “mean critical tone.” Pinte 163 believes that 

all comparative tests should be made at the previously determined ‘mean critical 

tone,” since the fastness of a color improves the further it is from this value, 

whether toward zero, or 100. It is approximately 55 per cent for yellows, 45 per 

cent for oranges, 40 per cent for reds, an 

TESTS FOR THE LIGHT-FASTNESS OF Dyes 

EF . yee, 
a 

ie gate ae of the light-fastness of a dye or the relati 4 
Bie ara Giacerhieelcie ries O dyes requires the consideration of several fact . 

source employed for th np ae See wa Les Ss wave-lengths in the light of aa 

eCity At Ph The oy is of the utmost importance for the rapidity and rephil 

me a Se ren stevie tatty dyes, the absorption is predominantly in the 

Shabentien Deh eae additional bands in the ultraviolet. Furthermore the 

ieee th Pre ae behavior of a dye in pure solution or il J 

Te dante aie gee: ue that which it exhibits when applied to a ibaa 

it may either lessen she Me ce eke : ene i? es Se snc 

stuff or i ; vailable for the destruction of t , 

ee of nce Ee nena SH Ane eS, ttiytney Sher peatiete eet a a 
cei ei acti 1c may hasten or retard the fading of the dye. The inten 

ee septa various wave-lengths in sunlight vary extremely wit 1 

amount ‘of eee Fall si coneders with the time of year and with the 

ic cal ; spi etc. Variations in temperature, humidity, and 

Sei itt saat: es, also complicate the results of sunlight fading tests. As 

eae At be oe) i ik reproducible results in successive tests at a given 

obtained at another mee the results at one station compare with those 

rs geograp ical location. For these reasons, exhaustive studies 
ade by a Subcommittee on Light-fastness of the American Association 

d 35 per cent for violets, blues and greens. 

. ‘ c. Textile Chem. Colorists, 225, 1925; Am. Dyestuff Rept., 14, 

Son ie mc F906 ; Alin 
tree general discuseion pis amcor 

ane 2 oe et art935
) 3 Pesta 

“9 > ; > Ww ept., 3 ° 

ees Chem, APS sot, 2, 306 (1932); Goodings, 5 on? Abe. 31, 3283 (1937); Déribéré, M.. Tiba, 
i 

i 53 (1937); Chem, : 

3” eee 
oe Pee ae, A

 ee 547, 549, 607, 687 (1935); Schupp, E., Monatsh. 

9 9 ’ ’ ? Wai HL, Kiepzig’s Teatil-Z., 39, 731 (1936); Rein, H., Ibid., 

side, Kunsiscide, Fe ae 
49, 905 (1936); Hirst, EL. R.. J. Soc. Dyers Colourists, 41, 

347 (1925); Merck, O., Farben Ztg., 34, 1117 (1929) 

158 Lantz, and others, Fastness Committee, Society of Dyers and Colourists, 52 pp., 1934; 

: ae 

Chem. Abs., 28, 7538 (1934). 

159 Rein, H., Angew. Chem., 47, 157 (1934). 

160 Hibbert, E., J. Soc. Dyers Colourists, 48, 251 (1932); Chem, Abs., 27, 192 (1933). 

fl Warrison, W., J. Soc. Dyers Colourists, 28, 225 (1912). 

12 Barker, S. G., Hirst, H. R., and Lambert, P. N., J. Soc. Dyers Colourists, 43, 264 (1927); Chem. 

Abs., 21, 3746 (1927). 
168 Pinte, J., Chambre Commerce Roubaix L 

trie, 34, 923; Chem. Abs., 30, 1234 (1936). 

8 Hibbert, E., J. Soc: D ~ heh A ee . Dyers Colourists, 44, 300 (1928); : 
154 Curt » Ay ); Brit. Chem. Abs. 

= i = A., J. Am. Chem. Soc., 42, 720 (1920); J. Chem. Soc., 118 342 ies ei 
pei mes, E, O., Jr., J. Am. Chem. Soc., 44, 1002 (1922). 3) ’ J. 

otnikow, J., Z. Elektrochem., 32, 13 (1926). 
ab. recherches ind., No. 25, 10 (1935); Chimie et indus- 
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Humidity is also an important factor. Hedges 1®* observed that the 

TEXTILES, PAPER AND DYESTUFFS OF 

| ( fading | porizontal exposures and less in order with 45° and with vertical ones. The 
a Hanovia mercury arc of wool patterns dyed with Ponceau RG, Acid Cre pene exposure is important only when total fading is considered; it has little 
and Cyanin B under various conditions of humidity indicated an increased SS gle © relative fading. Covering the samples with glass has effects which differ 
with increased humidity of the atmosphere surrounding the dyed patterns “ql ect Be cent dyes. The effect of free circulation of air or the lack of it cannot 
losses for these three dyes were for Ponceau RG at 52 and 100 per cept oa 4 th di red. Continuous exposure produces different fading from that due to 
humidities, 1.5 and 4.9 per cent, for Acid Green G at 33 and 100 per cent ~~ el a only to the high cloudless sun. Direct sunlight has. a different effect 

and 21.7 per cent, and for Cyanin B, at 24 and 100 per cent, 23.8 and 41.9 pee 4 De icylight without sun. Exposures made in different localities show little 

It is also important to agree upon the use of a definite method for deters q cn in relative fading. ! : 
the extent to which fading has occurred in a test. Many methods have a a er and Hirst 17 described an exposure cabinet for protecting the patterns 
suggested. Gebhard 16> recorded the change of color, whether fading or chil a soot and rain. As a transparent, protective screen they employed Vita 

to another tint, by orthochromatic photography, using a light filter of th Chapter 10). Cady and Appel 17° recorded the energy received by some 
che ‘ : € san a ec : : . 

color as the original dyeing. Appel and Smith 166 recorded the fading in the oa a  asies with the aid of a barium photoelectric cell and automatic recorder. 

of quantitative reflection measurements. Bravo 167 used a Pulfrich step photornal pe that approximately reproducible relative fadings could be obtained in 
hey found ‘ ‘ ‘ : i Br ics of dyeings exposed in widely separated stations in the United States at 

‘erent times in the year at an angle of 45° from the horizontal, facing south, 

a en 9 A.M. and 3 P.M. on sunny days only, in a cabinet covered with a good 

Die of window glass approximately one-eighth inch thick. The cabinet was 

:.., at the sides and the distance between the glass and the samples not less than 
halt rich. They felt that no artificial light source could be recommended. 

Bie quantity of radiant energy as recorded in some of the exposures did not 

‘orrespond to the amount of fading produced. In later work embracing 1252 se 

nos on cotton, wool, silk and weighted silk of 381 different coloring matters 

hey found the presence or absence of a glass cover to have a marked effect on the 

ading in only 4 per cent of the samples. Earlier observations by Pierce IS lnad 

‘sdicated that glass keeps out most of the active rays. Hirst 17 had suggested 

that dyes intended for outside purposes should be directly exposed to sun and 

weather and that those intended for inside indoor use should be exposed under 

slass. It would seem that the use of Vita glass would permit the fading of the 

small eroup of dyes not susceptible to the wave-leneths transmitted by glass with- 

out complicating the results in the case of other dyes by the use of radiations not 

present in the solar spectrum.18° Appel and Smith 18! tested Corex, Vita and Six 

other glasses on twenty samples determining the extent to which the fading was 

affected by the manner in which they change the distribution of the intensities at 

various wave-lengths. It was found that the visible and long-wave ultraviolet of 

sunlight were relatively more important in comparison with the shorter wave- 

lengths of sunlight than had been commonly supposed. As a result they consid- 

ered window glass satisfactory for the standard sunlight test. 

3 Hirst,182 who favored the use of the usual five degrees of fastness selected as 

‘standards the following dyes, given in increasing order of fastness: 0.4 per 

cent Indigocarmine X (BDC). I. 1.5 per cent Ponceau RG (BDC). I. 275 

with that one of three spectral filters which most nearly coincided with the «. 
dominant color of the dye in making his observations. Mougeot 168 preferred 
Toussaint photocolorimeter and believed “etalons” unsatisfactory. Niederhausep1 
recommended the use of a photocolorimeter and, in the exposure. the Toussall 
and Pinte “insolameter,” which excludes dispersed daylight and measures a 
amount of light received by the illuminated materials. Probably the greater nia 
ber of observers rely upon a simple visual comparison of the faded materia] wy. 
dyed patterns retained in darkness as standards. Hirst, in an earlier perjog1 
indeed, considered such results as of more value than those obtained with 1} 
instruments then available. E 

Sunlight Tests. Much evidence has been accumulated as to the effec. 
of variations of weather conditions on these tests; the data is so extensive that 4 
original papers must be consulted. Barker and Hirst 1 investigated the effec 
on patterns on worsteds dyed with Victoria Blue and 85 other dyes, of sunlig 

during the months January to June in Leeds and in the country nearby, and ol 

under five different cloud conditions. Full sunlight caused a fairly constant re] 

tive fading of Victoria Blue. Dull light had about one-tenth the effect of full su 

light. With Wardle, they charted the comparative sunlight values for differer 
hours of the day for the six months included.17? The value of the light for ¢ 
total period of exposure could be expressed, by the aid of their graphs, in term 
of what they considered a definite unit, one hour of June midday sun. For th 
variations of sunlight in the United States, and the differences between sunlig! 

and the light of various artificial sources, see Anderson.173 a 
Cady 1"* found the angle of exposure to be important, the fading being greates 

164 Hedges, J. J., J. Soc. Dyers Colourists, 43, 261 (1927); Hill, L., Ibid., 296; Cunliffe, P. V 
Ibid., 45, 215 (1929); Chem. Abs., 21, 3746 (1927); 23, 4824 (1929). _ 

165 Gebhard, K., Farben. Ztg., 22, 6 (1911); various methods have been discussed by Cunliffe, P. W 
J. Soc. Dyers Colourists, 45, 215 (1929). : ; 

166 Appel, W. D., and Smith, W. C., Proc. Am. Assoc. Textile Chem. Colorists, 180 (1928); C ef 
Abs., 22, 3048 (1928). : 3747 (1927 

167 Bravo, G. A., Boll. ufficiale staz. sper. ind. pelli mat. concianti, 8, 50 (1930); Chem. Abs., 2 p : } . . 27. 2388 (1930); Boll. ufficiale staz. sper. ind. pelli mat. concianti, 9, 210 (1931); Chem: 4p a | a Appel, W. D., Proc. Am. Assoc. Textile Chem. Colorists, 179, 1927; Chem. 

1932 ° = aa to 5) . 

Cady, W. H., and Appel, W. D., Proc. Am. Assoc. Textile Chem. Colorists, 217 (1929); Am. 

Dyestuff Rept., 18, 407; Chem. Abs., 23, 4824 (1929). 
~ 8 Pierce, E. W., Chem. Eng. 97 (1918); Textile World J., Jan. 12, 1918. 

_ Hirst, H. R., J. Soc. Dyers and Colourists, 41, 347 (1925); Brit. Chem. Abs., B, 43 (1926). 
_ “Griffith, I. O., and Jenkins, R. G., J. Soc. Dyers Colourists, 43, 297 (1927) find plate glass as 
used in shop windows to transmit 90 to 95 per cent of the visible spectrum and a small proportion of 
re ultraviolet from 3500 to 3000A but scarcely any of that between 3000 and 2900A. 

. Appel, W. D., and Smith, W. C., Proc. Am. Assoc. Textile Chem. Colourists, 180 (1928); Chem. 

Abs., 22, 3048 (1928). : | 
“Hirst, H. R., J. Soc. Dyers and Colourists, 41, 347 (1925); Brit. Chem. Abs., B, 43 (1926). 
i 

15 Barker, S. G., and Hirst, H. R., J. Soc. Dyers Colourists, 43, 300 (1927); Chem. AbS., Zh; 

168 Mougeot, P., Bull. soc. frang. elec., 5, 965 (1935); Chem. Abs., 30, 4676 (1936). 

169 Niederhauser, Klepsig’s Textil. Z., 39, 739 (1936); Chem. Abs., 31, 1623 (1937). 

170 Hirst, H. R., J. Soc. Dyers and Colowrists, 41, 347 (1925); Brit. Chem. Abs., 1926B, 43. 
17. Barker, S. G., and Hirst, H. R., J. Tewtile Inst., 17, 483T (1926); J. Soc. Chem. Ind. Supl 

976 (1926). ' J 

12 Barker, S. G., Hirst, H. R., and Wardle, G. C., J. Soc. Dyers Colourists, 43, 324 (1927). 
178 Anderson, W. T., Jr., Proc. Am. Assoc. Textile Chem. Colorists, 273 (1928). Note also Apps 

W. D., Ibid., 275, and Cady, W. H., and Appel, W. D., Ibid., 179 (1927). 

w4 Cady, W. H., Proc. Am. Assoc. Textile Chem. Colorists, 225 (1925); Chem. Abs., 20, 668 (19 
a 
26 
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per cent Azorubine (Sand.). III. 4.5 per cent Kiton Red S 
cent C. 

C | 

oe ae ast ae FG (BDC). V. Indigo Full oe om: IV. 25 

; ables of the German, English and American standarde oa a 

light stability have recen 
7 

tly been given b of dyam 

. 
y Wahl.184 Th yes . 

tested at stations all over the world and were found to oe See Wool dyes . 
II ‘co V 

li ht ‘ i 5 
Lf 
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ee 
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Ficure 128. 

Apparatus for Dye or Paint 

Testing. 

Courtesy Cooper-Hewitt Electric Co. 

Use of Artifici | | 
Cl 

in time by and Geena SS DEF Of early observers felt that the saving 

Wer eee ane i y believed, greater reproducibility of the mercury arc as a so ng 

exhibit under it roe ea for any differences in fading which some dyes niall 

paralleled Ga ce ae believed that one hour under the mercury arc rou “tly 
dereially BIN pe of exposure to sunlight. Apparatus of this type is coil 

ae eee uehen Do i both dye and paint testing. It consists mere , 
a vertical quartz m . a 

able panels t i ercury arc. The walls suppor 4 

~~ oe ee ace naan samples are attached. In comparing the action ef tha nel 
Peet f5h : . the sun, Scheurer, 186 who attempted to protect the dyes fro é 

Hebe hitnieh bende ~ oe ee resisted the mercury arc better than it did sun 
, colors which were hardly fad ; \- 

changed by th . . y faded by sunlight were materially 
ged by the mercury arc in 24 hours. After an extended study, Harrison 187 

183 Note also Deady W.F 

wae : 

Am. D » W. F., Proc. Am. Assoc. Texti ; . 

184 Wahl, A ie a7, Proc. Am. Assoc. Textile Chem. Calories B 15 C19. 2 (1925); Appel, W. Dy 

tile Inst.. 28 ane gen. mat. color, 40, 140 (1936); 41, 460 (1 38). 

732 (1936); Being H., dng Chom wie fatness eale, seo. M 
fastness to light and t . Chem., 47, 157 (1934). A standard 
rae Abs., 32, 1458 (1938) et; according to Vendor, A., M Pe Tea ge inter Oa 

ier , iE. 3 

7 9 yy 

stuff Rosie 12 pee eee Eng.; 97, 1918; Textile World J., Jan. 12 9 

186 Scheurer, . (1923); Gebhard, K.,’ Farben Zig., 2, € (SIL), nt O- Res im Dye 

181 Harrison, A., Bull. soc. ind. Mulhouse, 80, 324 (1911) 
4 

ison, W., J. Soc. Dyers and Colourists, 28, 225 (1912). 

_vee also Cunliffe, P. W., J. T ‘a 

see Miller, E., Klepzig’s Textil Z., 39, 
= 

ects Dut als° 
ensity: 

! a plas with the 

Pte Vl 
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yes 
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_ the filtered mercury arc fading at the other. 

the effect of one-half hour and one hour 

exposed to the unfiltered mercury arc. 

to have less reducing action on dyes than has cotton. 

TEXTILES, PAPER AND DVESTURFS 639 

ced not only that there are differences between the sun and the mercury arc 

4 that the effects are different with mercury arcs of high and of low 

188 extended these results and also used a filter of 1.25 mm. of 

mercury arc. Fig. 129 illustrates the relative fading of dyes 

when exposed to sunlight, the direct and the filtered mercury arc. The 

epresented as rectangular strips, the degree of fading being repre- 

he part of the strip cut out. The sunlight fading is at one end and 
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185 Flynn, O. R., Textile World, 53, 25 (1923). 
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= Iimori and Kitaoka™ investigated the velocity of the bleaching of various dyal 

he most widely used types of commercial equipment is the Fade-Ometer 
em ) ) cellulose acetate films before the mercury arc, but found it difficult to find one eral g of t imen holders arranged in a circle are equation which would express the behavior of every dye tested. Benzoic acid incall P30) In this, samples in metal po ee dosed in a 9200-PX glass globe. the rate of fading of methylene blue and disodium phosphate and calcium sulfate el t of a violet carbon arc enclose “ decren. Bed to the ligh it a little. For methyl violet, disodium phosphate, borax and quinine sulfate ep rovided and the temperature is controlled by a thermostatically the rate slightly and calcium sulfate decreased it a little. Brayo 1 exposed a Sau Jation 1§ til apers and silks are generally tested between oa" dyes on strips of filter paper at 50 cm. from a 2000 cp. mercury lamp operated Withes “olied blowet- Tex iles, Pepe’ pe, iyiits seeseserosed at: 140m lee nickel oxide screen. The samples were ventilated to eliminate the possible influened of of, but auto topping and similar materials P heat and ozone. One hundred and one dyes of the nitroso-, nitro- and azo- type a m0 +. . classified into four groups according to their resistance to bleaching. The ver ) ‘ Y resj < “ dyes of Group I showed no change or only very slight changes after three hours — C _ 

resistant or medium-resistant dyes of Group II showed definite changes after twal 7 three hours. Those of slight resistance (Group III) were altered in one to + hours. The non-resistant dyes of Group IV suffered intense changes jn color, 
profound discoloration after one hour or less. Dyes of the nitro-, nitroso-, AZ0-, stilhe 
pyrazolone, diphenylmethane and triphenylmethane, xanthene, acridine, quinoline _ oxazine and thiazine series were subsequently included. Bravo compared the percents reflection at each of several wave-lengths photometrically with the corresponding yay. for a barium sulfate surface. In this way it was possible to study quantitatively ‘ color changes which occur during fading. : “ 

Fill 791 found the fading of worsteds dyed with Indigocarmine X, Ponceay R 
and Neolan Green B to be chiefly dependent on the ultraviolet of shorter wi 
lengths emitted by the mercury arc. A tungsten arc lamp of the Osram Comm 
Berlin was claimed by Hochheim and Knebel 192 to have a spectral distribys;, 
very similar to that of normal sunlight and therefore to be superior to the me 
eury arc, 

| 
It was early found by Gordon 19 that results with the violet carbon are con pare more closely to those of average sunlight than do those with the mercy; 

arc. ‘They agreed more closely with those of average sunlight than the resyj 
of Arizona and New Jersey sunlight agreed with each other. The white flan 
carbon arc gave rather better results in some cases but was only half as rapid a 
the violet arc. Mott and Bedford 1% stated that for equal line energy, the effe, 
of the white flame arc on Solio paper was five to six times better than that of - 
110-volt quartz mercury are operating at four atmospheres at 60 arc volts. 

Recently there has been great progress in the development of carbons whie 
yield definite reproducible distributions of energy in various spectral regions; thes 
have been discussed in Chapter 5. Various forms of apparatus employing th 
carbon arc have been put upon the market. In one form,?9> a number of “swate 
boxes” in which samples of fabrics, paints, etc. may be exposed under definit 
conditions of humidity are arranged around a carbon arc. They are mounted 0 
trunnions which are hollow and serve to supply conditioned air to all the boxe 
in series. When any swatch box is thrown down for inspection, the rotation o 
the trunnion causes the air stream to be by-passed around that box.196 

1 icuRE 130. 

" Fade-Ometer, Type FDA. 

Courtesy Atlas Electric Devices Co. 

i . ° 

A relative humidity of 42 to 60 per cent at the specimens is produced by wicks in 

a water reservoir placed below the specimen chamber. The air coming in contact | 

with the specimens must filter through 1600 sq. in. of saturated wicking. The 

light from the source employed is so near that of sunlight that 95 per cent of a 
series of 40 dyes tested by it faded exactly as in sunlight or acceptably close to the 

sunlight fading. The light is somewhat more intense than sunlight so that for 

textiles one hour in the Fade-Ometer is equivalent to 1.3 hours of summer sun- 

light, For lithographic inks, 2.33 Fade-Ometer hours are approximately equiva- 

Tent to six hours of sun exposure. In general for dyed textiles, 48 Fade-Ometer 

h urs are equivalent to 10 days of summer or 180 days of winter sunlight. For 
nting inks, paper, etc., the 48 hour test is equivalent to 20 average days of sum- 

mer or 360 days of winter sunlight. 

189 Timori, S., and Kitaoka, K., J. Chem. Soc. Japan, 48, 479 (1927); Chem. Abs., 22, 1855 (1928) 
190 Bravo, G., Bol. ufficiale staz. sper. ind. pellt mat. concianti, 8, 50, 184, 2928 (1930); 9, 210 (1931) Industria Chimica, 9, 313, 461 (1934); Brit. Chem. Abs., B, 711 (1934); Chem. Abs., 25, 2295, oie (1931); 28, 4238, 6316 (1934). 
191 Hill, L., J. Soc. Dyers Colourists, 43, 296 (1927): Brit. Chem. Abs., B, 839 (1927). Gordon H. B., Textile Colorist, 43, 29 (1921). 
12 Hochheim, E., and Knebel, E., Textilber., 6, 912 (1925); Brit. Chem. Abs., B, 437 (1926); Chem. Abs., 20, 669 (1926). See also Appel, W. D., Proc. Am. Assoc. Textile Chem. Colorists, 246 (1925) Am. Dyestuff Rept., 14, 882. ; 
198 Gordon, H. B., Textile Colorist, 43, 29 (1921); J. Soc. Chem. Ind., 40, 149R (1921). 
14 Mott, W. R., and Bedford, C. W., J. Ind. Eng. Chem., 8, 1029 (1916). See also Cady, W. H Proc. Am. Assoc. Textile Chem. Colorists, 42 (1925). 
© King, F. A., British P. 309,726, April 2, 1928, to Kelvin, Bottomley and Baird Co.; Brit. Che Abs., B, 461 (1929). 
196 For another form, see Hall, R. O., U. S. P. 1,969,606, to Ontario R h Foundation, am Bedford, E. F., Silk J., 11, No. 131, 38° (1935). ntario Research Fou : 
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Barker and Hirst 197 ‘ . ‘ 
. 

ast determined the fading of woolen and worste ? es of Dyestufts. Heermann™ proposed to classify dye and textile 

Nie vais about 60 acid, direct, vat and mordant dyes in Indian _ Patter various TIP four groups according to their susceptibility to light of various wave- 

nglish sunlight and in the light of a Fade-Ometer. They eau eylon 4 Beye ese classes, termed “micro,” “macro,” “homo” and “mesotropic,” are, respec- 

Be ct susceptible to light of short wave-lengths, long wave-lengths, all wave- 

mo to the ultraviolet rays of sunlight. Auramine, which is notoriously not fast 

5 short ultraviolet rays rather well. 
ti ; : . a 9 
intometer for direct visual comparisons and for measurements of the ane ae 

a : Orescen 

in filtered ultraviolet light. By compari 

possible to tell which samples had ca fied i Bagked ad a it wy, 
and which by the Fade-Ometer. The results in the latter case did le i 
nee of exposure of the patterns to direct sunlight. Also less fines P 
Sarin ae in England. The discrepancies were attributed to the 

The progressive loss of the predominant color i : 

carmine X, Wool Green S, Nectan Green B, Acid ae eae Indige 
ene and Chlorazol Blue B in the Fade-Ometer are given by the Gail Por 
=al" in which t is the time of exposure in hours, / is the percentage | *PTessig 

dominant color, % is a constant which depends on the dye and n is 1.9 oS Dre 

actual and calculated color losses differ slightly during the early cn 4 f Th 

Appel 198 recently concluded that the change in reflectance of som scing 

on exposure to light is not proportional to the intensity of the incident ; a . 
since when the intensity of the Fade-Ometer light was cut to one-tenth i 
required to produce a definite fading in different dyes was anywhere . ne 

to ten times that required at the original intensity. Similarly, low — 
relative humidity from 75 to 31 per cent retarded the rate of fadin; of ae 
by a factor of two, but failed to affect the rate of fading of others : i dye 

insman 199 employs the carbon arc and beli : 

be roughly equivalent to one month of italien ganliohh CWegtt com a E 
the cree produced by the Fade-Ometer and sunlight, Griffith, Brode a . bell 

sae conclude the former (Type LV) to be a satisfactory substitute fot ‘a 

atter. Peach, yellow and green pure dyed Tru-hu silk crépe and yellow, blue and 
rose Peter Pan gingham were used in their tests. The blue gingham di ya 
in either the sun or the Fade-Ometer; the rose gingham faded more in a) “ 
particularly in the blue-green portion of the spectrum. The yellow gingha ' 4 4 

only after exposure to 150 hours of sunlight or in the Fade-Ometer ar j a 

yellow and green silk crépes faded to the same extent with both <onncen 201 “_ 

, aaa and Taylor °° noted that 23 silk ribbons exposed to sunlight and ial 

ight at 3900 foot-candles for 11 hours, or to skylight alone at 450 foot-candles for 
40 hours, showed as much fading as those exposed to 500 foot-candles from tun a 
lamps for 100 hours. Approximately equal degrees of fading will result irom 
exposure to the tungsten-filament radiation for 100 foot-candle hours, skyligh fof 
34, or sunlight and skylight combined for 74.203 — 

gt i oht, resist 

s oe dyes,?°° the naphtha dyes having a hydroxyl group in the 2-position are 

pn} to those in which it is in the l-position. The exceptions are 1-naphthol- 

. acid, which is comparatively fast, and 2-naphthol-3,6-disulfonic acid, 

es fugitive. The presence of two sulfonic acid groups in the naphthol 

3 5 does not decrease the fastness of the dyestuff. p-Sulfanilic dyes are more 

Bed than o-sulfanilic acid dyes but less than m-sulfanilic acid dyes. The 

yee of darkening ‘5 little influenced by the presence or position of the sulfonic 

ny roup in the benzene nucleus, although there is slightly less darkening in the 

4 # p-sulfanilic acid dyes. The combined effect of fading and darkening, which 

4 es the total effect of light on these dyes, indicates that the o-sulfanilic acid 

es are superior to those made from aniline and p- and m-sulfanilic acids. 

* Kinsman 206 classifies lakes into five arbitrary groups according to the effects 

a fight upon them. Group I, no perceptible alteration after one month in summer 

4 nshine ; II, slight loss; III, distinct loss in depth or alteration of shade ; IV, dis- 

* sinct loss orf alteration after 14 days; V, practically complete bleaching after one 

eek, In practice, however, an accelerated test with a carbon arc was employed. 

Takes belonging in the respective classes were as follows: I, Alizarin-red, alumi- 

pum calcium phosphate lake; I, Permanent-red 4B, calcium salt; III, Lithol- 

red R, barium salt; IV, Eosin YS, lead salt, barium sulfate base; V, lakes of 

fastness less than that of eosin. The carbon arc readings of these types are, 

‘unbleached after 240 hours, practically unbleached after 120 hours, bleached after 

60 hours, bleached after 34 hours, bleached in less than 34 hours. 

Wool patterns heavily dyed with Naphthol Yellow S, after exposure to sunlight 

“until extensive browning had occurred, responded to a color test for 2-nitro-4- 

' amino-a-naphthol-7-sulfonic acid, indicating the browning to be the result of 

photoreduction.*°" The slow bleaching of annatto solutions by air is much more 

rapid in light.2°° 
If dyed Celanese is treated with such organic bases as dimethylaniline or 

- diethylaniline, which absorb wave-lengths shorter than about 3400A, the light 

 fastness of certain colors is improved. Colors strong in nitro- groups however, 

seemed to be deteriorated by this treatment.20 The best protection for airplane 

_ wings is to dye the dope with spirit black.?1° 

- Colored Papers. Very similar methods are employed in testing the fading 

- of dyes applied to paper. Appel and Bentzen 21+ recommend the Atlas Fade- 

€ tro Di 

Stee wit 
Ccurred j 
differen a 

J 24 Heermann, P., Chem. Ztg., 48, 813, 834 (1924). For recent reviews see H. Niimiya, Chem. Rev. 

(Japan), 3, 401 (1937); Pierce, E. W., Rayon Textile Monthly, 19, 249, 263 (1938); Volz, K., Spinner 

_ 4. Weber, 56, No. 34, 43, 53 (1938). 

205 Griffith, M. E., Ohio Agr. Expt. Sta., Bull. No. 548, 80 (1935); Griffith, M. E., and Brode, W. R., 

ee fe37) 565, 3 (1936); Am. Dyestuff Rept., 26, 90 (1937); Chem. Abs., 30, 1565 (1936); 81, 

206 Kinsman, S. T., J. Oil and Colour Chem. Assoc., 12, 274 (1929); Chem. Abs., 24, 737 (1930). 

aa H. H., and Smith, E. W., J. Soc. Chem. Ind., 56, 108T (1937); Chem. Abs., 31, 4500 

208 Barnicoat, C. R., J. Dairy Research, 8, 61 (1937); Chem. Abs., 31, 3581 (1937). 

20 Ellis, G. H., Chem. Age, 13, 470 (1925); J. Soc. Chem. Ind., 44, 1093 (1925). 

710 First Report Fabrics Codrdinating Research Committee, Dept. Sci. Ind. Research, 10 (1925); 

Chemical Age (London), 13, 331, 397 (1925). 

211 Appel, W. D.; and Bentzen, T., Paper Trade J., 88, No. 9, 42 (1929); Chem. Abs., 23, 3095 

2 ae Dalen, G., and Wilke, P., used the mercury arc, Papier-Fabr., 26, 199; Chem. Abs., 22) 2ale 

197 i 
; 

H. Cade By Seer tie moe ges ee ae 43, 254 (1927); Barker, S. G., Hirst) 

ere aes Ciel finn Ce aot 1o2R at ee Textile 

8 Appel, W. D., Proc. Am. Assoc. : . F 

306, 314 (1935); Chem. Abs., 40. 3576. ener Colorists, 194, 202, 1935; Am. Dyestuff Rept. % 

199 Kj ' ° 
ahs Behe ey S. ze ari ty ore Chem. Assoc., 12, 274 (1929); Brit. Chem. Abs., 1930B, sil 

(1984); Chen 26s. 98, 02 AoeRoe Robertson, H., Ohio Agr. Sta. Bimonthly Bull., 169, 143 

201 For a summar £ th teys : 
, 

tile Inst., 18, 5277 % ae work on the suitability of various sources, see Hadfield, I. H., J. Test 

202 Luckiesh, M., 
3597 (1925). and Taylor, A. H., Am, Dyestuff Rept., 14, 613, 636 (1925); Chem. Abs, ™% 

203 For observations on th : ‘ 
Ropt., 21, 337 (1932). fo) e effect of ultraviolet on certain dyes, see McEwen, J. L., Am. Dyestuff 
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Ometer, particularly the type equipped with a fan to prevent 
of the sample. Grundy,212 who also approved the method, noted dyeings should be allowed to cool a short time before comparing the colors am a slight change in shade may be due to the heat of the arc, rather than to fad It did not seem possible to make standard numerical specifications for the lio fastness of colors on all qualities of paper. No basic colors were found which sufficient fastness to receive consideration for the production of fast-to-ligh With the ordinary type of soluble synthetic dyestuffs generally applied on seemed impossible to obtain fast shades on furnishes containing even smal] ties of brown wood. The most suitable furnishes for fast-to-light sha bleached sulfite, bleached soda, esparto, bleached rag, and under certain ¢o unbleached sulfite, either individually or in mixture. 

Loading materials affect the light fastness of dyes in paper,?13 of the alkalinity of the filler. The pH of filled or unfilled paper 
reduced by exposure to sunlight. Papers of lower pH values are t faded. Dyes which are fast to light are generally acid resistant. 

Riesenfeld and Hamburger 214 employed the time of exposure to a stangam™ ultraviolet source required to produce a definite change in fluorescence as il measure of the relative light fastness of dyed papers. : Harrison 715 did not approve the use of the Grant method of following the reduction of fluorescence on irradiation, but could find no suitable inexpensive daylight lamp for comparing the samples. He proposed the use of bleached sulfite pulp, colored with graduated amounts of fast dyes, including the Chlorant a or using one amount with additions of hexadecylpyridinium the fastness. The sheets were then exposed to direct sunlight 96 hours and compared with controls or with irradiated contr 
tion of the deteriorating agent. 

EXCeSssive hea 
that the ex 4 

t shade 
ap er, 1 

(uant; 
des 3 
ndition 

he more easif 

in colors. 
bromide to decrease 
for 6, 12, 24, 48 q | 

ols without the addj. He measured the light intensity to Which the sample was exposed by an actinometric paper and a wedge-shaped slide transmit. ting graded amounts of light. This, when laid over a standard colored sheet, simulates the effect of graded bleaching. With this method, the best results were obtained with a pure rag paper, sized with 2 per cent rosin and 4 per cent alum, and dyed with Acid Rhodamin 3R. q Inks. Proposals have been made to em ploy ultraviolet radiations for testing inks by measuring the color of streaks on paper after exposure for two weeks to sunlight or for a shorter period to ultraviolet light.246 The Bureau of Standards 217 recom- mended an exposure of 48 hours to ultraviolet light. A comparison streak of a_ standard ink was simultaneously exposed. Turner 218 classified about fifty pig- ments into four groups according to their light fastness in printing ink. ; Tests by Mitchell 219 did not substantiate the claim that ultraviolet fluorescence tests can be used for the differentiation of different types of inks or for the deter- mination of their ages. 

2122 Grundy, J. G., World’s Paper Trade Rev., 101, and British Paper Trade J., 88, No. ‘1, 188 (1934) ; 
218 Pestalozzi, S., Zellstoff 
214 Aapkecie i: Tt. 

1240, 1242, 1280, 1399, 1442 (1934); Paper Maker 
Chem. Abs., 28, 7010 (1934). 

u. Papier, 15, 496 (1935); Chem. Abs., 30, 1558 (1936). 
i ( : , and Hamburger, T., Papier-Fabr., 29, 164 (1931); Brit. Chem. Abs., B, 625mm 193 

=" Garrison, HW. :A.. Papier-Fabr., 34, Tech. Tet, 321 Paper-Maker, TS 54 (1936); Chem. Abs., 31, 2428 (1937) 
“16 Rupert, F. F., Ind. Eng. Chem., 15, 489 Togs yD. 
"17 Bureau of Standards Circular 95 (1920). © 
218 Turner, J. S., Am. Ink Maker, 14, No. 1, 19 (1936); Chem. Abs., Am. Ink Maker, 11, No. Zy 9; 2a; NG. 3,13 (1933); Chem. Abs., 
#19 Mitchell, C. A, Analyst, 55, 746 (1930). 

329 (1936); Chem. Abs., 31, 856 (193738 
; Svensk Papperstidn., 39, 352 (1936). 

Soc. Chem. Ind., 42, 612A (1923). 

30, 5817 (1936); Deeney, J. Js 
27, 5557 (1933). 
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: latin, water and gelatinous mass (gelatin, 
* hectograph copying pads, at 2 of a light-sensitive tanning agent 

i -aviolet light 
dichromate and subjected to the action of ultra 

monium | | 

ing.??* in Indigo- 

effect :.... ts of Dyes. Hirst and King **° a pee on the 
: Ai nove in ultraviolet light a strong v10 fi Hee aaeveOtne 

3 is & bat not on portions which had tie Oe a ctoniliets se iaOn 
- ight indic on 

iy Pieeested that the fluorescence m1 fa? tes ekerentae adler 

: tion of dicatine the degree of exhaustion d inc thod also could be used for ete ol of this type of dyeing. 
: The me "i ae thought of value in the base ‘9 am ra pent af variously 

dye-bath ee at d the fluorescence colors in ultravio vat eaeeee 

merer 2° tabula rmination of fibers by their fluorescence colors is, The dete 
i the dye present 

224 subject to distinct limitations. For example, y 
: lead to false 

£ the fabric or even - fluorescence color 0 flax and hemp. 

a entirely ain distinction could be made between dyed 
chee ons. 

: a substitute for 
-. readily determined, as is dyed sii a oe or acid damage n cotton 1s f n fabrics are especially distinct. 1 ulp has been 

ee Mute by this method. After sulfite sa ie fo soda pulp. bit og be ald mas d to identify co hod cannot be use 
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TEXTILE PRINTING 
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. cess in which woven an ote eae 
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d other materials are dye g Hon of light. Substances m Y 
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be used. ey ae 
exposed to light may -animal origin in a 

form ayes _ ae applied to yarns, bands or fabrics of PE neti photo- _ Bona involving application of a metal comp 
continuous Op is different, expo- e of the metal is din 
chemically into a compound in which the valenc Air ted epicebsonte aie 
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3 21 (1931); Chem. Abs., 25, 3500 (1931). The car 

Sa ee eek Monthly, 44, 173 (1937). re ee 

: Dec. 17, 1935, to Ditto, Inc.; Chem. Abs., 39, 

22, 2276 ; 27); Chem. Abs., 42; 
lowrists, 43, 266 (1927); 28) _T., J. Soc. Dyers Col 22, 2061 (1928). 

ee Lt X ae Re al No., 18, 369T (1927); erat [Chimie et industrie, Special num- 
. ae Melk nd Textilber., 9, 415 (1928). Sisley, P., 903 t, ee é 1a “9 #9 ' 

ber 508 (March 1932)] gives =) mh ie sAcca Chem. Abs., ? lliand Textilber., 9, 753 (1932). Gu, Cuir tech, Hh, 98 (1982); Chem.” Abs, 26, 3119 (9 4 Chem. Abs., 32, 364 (1938). 
| “085 .s : J A J. Soc. Dyers Colourists, cee ee , ht Aelita salts, Michels, Moen 
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uses as a mordan ; 509 (1930). 

21 Haendel, W., British P. 309,166, April 7, 1928; Chem. Abs., 24, 
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0 ,R. A., Am. Ink Maker, 
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221 Whitmore, W. B., U. S. P. 2,024,408, 
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re the power of coupling after thirty minutes of exposure to sunlight, 

or an ordinary incandescent lamp. This is of importance in the 

~ ond printing of textiles, since it is unnecessary to treat the salts with hydro- 

ig a a form diazonium salts and to. couple these with alkaline B-naphthol 

ic Be encls, or with a base, but only to expose the solutions with the other 

ther P nent to heat, sunlight or ultraviolet light. It may also be of importance 

ompe It was found possible with the halogenated bases 

ac ui 

the altered or unaltered portion of the metal compound into a substance 4 
e Wh; 

jolet light 

cannot be washed out, washing and drying.228 
In an example, linen is passed through potassium dichromate solutj 

ee a rotary stencil containing one or more carbon arc lamps or mera th 
charge tubes, treated with sodium alizarine sulfonate solution after passi ‘oe 
water, washing and drying.?29 "NS through 

Freytag 789 showed that ultravi i iati i : olet irradiation of solutions contain} . % int h : , oe ntainin a ee diazo-printing. : ; 
erp aed suitable oxidizing agents and catalysts as used in aniline iil 1¢: fa produce not only the image of any object impenetrable to sunlight, but 

yeing markedly accelerates the formation of the aniline black pigment. lag iy *° d image of the negative obtained by the ordinary photographic 
“the colore : Ae vat 

931 The effect is not observed with o-toluidine, 1,3,4-xylidine, pseudo- 

i. a and mesidine. Acidification of the alkaline coupling solution of diazo- 
P ajline and acetamide gave a colorless precipitate which when dried rapidly 

Benes was found to have the composition and molecular weight of acetyl- 

Oe eriazene: The crystals became reddish yellow in diffused light and after 

1. beautiful dark red. During this process the melting point 

Satis factory reproduction of images may be obtained by impregnating paper or Cotte 
O to fabric with a 1- to 25-per cent solution of aniline hydrochloride contain} 

drops of aqueous 4-per cent potassium ferricyanide and 18 to 24 drops il i 
cent aqueous sodium chlorate per 30 cc., covering with a Shokgenter aa 10-p¢ 
and exposing for fifteen minutes to ultraviolet light, and washing out unchelil 

se 

2eS8 

aniline with water. were a 
ae ae F , : ’ ‘ ekS W 

cae Meeks of either of the phenylenediamines produce a yellow 4 y fom 101. to 96°C.785 

an analogous nants ene of the base. The naphthylamines behave # Both treated with certain vat dyes and dried may also be printed under a 

€ process is assisted by the presence of aboy | Rive until the desired oxidation is complete, after which the unoxidized portion 

# moved by a boiling soap solution.229 The dyes sensitive to ultra- per cent of an alkaline nitrate in the naphthvlami ! 
amine, the process is very rapid and will ce be pite = - ee B ~naphthy i 

is oaks and Miller 73 also employed 2-benzyl pyridine, which becomes dal 
ene enon baat _ Radiation of 2000 to 4000A converts it into a green 
; . compound is applied in 96-per cent alcohol and the solvent evaporated 
oe making the exposure to light through a negative. The excess of unalt ‘ 

compound is removed with dilute hydrochloric acid. The fastness of the aa 

pyridine colors can be improved by coupling with diazotized bases.233 a 
exposure for thirty to forty-five minutes at 30 to 50 cm. from x quartz lam a 

sample is passed through a boiling acid bath containing two to three per con i primary aromatic amine. The color thus obtained lacks fastness. but this m : 7 

improved by treating it without washing with a solution of a diazonium salt of af 

he dye is re 

ww Ptude Indigosol Orange HR, Scarlet HR and Pink HR. Indigosol 4B and 

are less sensitive to sunlight. 
4) 

4 

fi 

i) 

PHOTOGRAPHIC PAPERS 

Jn obtaining photographic images, Gay 74° mixed light-sensitive diazo- com- 

ounds with O-acyl derivatives of the phenols or naphthols, used as coupling com- 

onents in development. The phenols or naphthols are liberated by development 

vith ammonia gas or a dilute alkaline bath and a colored positive image is 

9) ained. 
| 

For diazotypes, Kalle & Co.241 use a diazo- compound capable of self-coupling 

n alkaline media applied in neutral or acid solution to the support. After expo- 

nis enemy eiatanes on irradiation in the presence of sodium nitrate are eyre under a positive, the print is developed with gaseous ammonia. Suitable 

n the fiber to fast dyes.284 The samples of cotton and artificial silk so 9- compounds are those from H-acid, 3-amino-6-N-piperidinobenzoyl-H-acid 

naiviee sede ality ce benzidine and yellowish-brown with o-tolidine. A and 2,7-aminonaphthol. | | 
2c a aes em fer ea hae any been used.?85 The most suitable Bepencer 74? states that diazo- compounds for photographic papers should be 
Cal id Seas aaaapr ate hale ay ine i ts of 8-nitro-1-naphthalenesulfonie sufficiently sensitive to light, and stable toward heat, mechanical shock, and to the 
ai ae when the exposures are made in a damp paper base upon which they may be coated in sufficient concentration by the use 

Bee bheccitactaretatns ec ce ke | of an inert solvent. They should couple readily with amines and phenolic com- 

ate solutions “*° of aniline, p-brom- and p-iodo- aniline, etc, pounds to give dark-colored substances insoluble in water and stable to light. The 

decomposition products should not interfere with the color or stability of the 

5 2 eaegermcmeals cite | image. The following types of paper are possible: (a) the diazo- compound is 
inact et ee printing by photochemical processes, see Weickart, F., Monatsh, Seide, decomposed by light and is developed by application of an alkaline coupler which 

teacts only with the unchanged diazo- compounds; (b) the diazo- compound and 
’ > 3 ( ) 

x g; ae J hot, Ko 1 pg 69, 18 ; (16 33) 3 Chem. Abs., 28, 7538 (193 +). | r 282 Freytag, H. ' ahs (1934), ytag » and Miller, A., Monatschr. Tezxtilind., 48, 239, 273 (1933); Chem. Abs., 28, 5245 

28 Preytag, HI : Vi 2 . 28, 3590 (193 4). onatschr. Textilind., 48, 107, 130 (1933); Chimie et industrie, 31, 621; Chem. Abs, 

234 Fre : : ie | (1935), ytag, H., and Preiss, S., Monatschr. Textilind., 49, 209, 231 (1934); Chem. Abs., 29, 2362 

235 aye 
Monatschr. Textilind., 49, 262 (1934); Chem. Abs., 29, 2362 (1935); Phot. Korr., 71, 52 (1935). 

°86 Oddo, G., Indovi Taek Abs, 30, 3798 rage R., Albanese, G., and Amatore, G., Gazz. chim, ital., 65, 939 (1935); Chem. 

aromatic base. There is considerable change in the color. 

28 British P. 380,208, April 23. 1 ili i i Aug. 3, 1934; Chem. Abs.. 21, 3087 etre y et Tat ke bai te Srench ©. a 

87 Oddo, G., and Indovina, R., Gazz. chim. ital., 65, 1037, 1099 (1935); Chem. Abs., 30, 4830 (1936). 

8 Oddo, G., and Algerino, A., Ber., 69B, 279 (1936); Chem. Abs., 30, 3418 (1936). For a dis- 

Cussion of visible light effects in certain phenyldibenzoxanthrenium dyes, see Dilthey, W., and Quint, F., 

Ber, 69B, 1575 (1936). 

—®° Cowper, W., Dyer, Calico Printer, 58, 117 (1927); Chem, Abs., 22, 1045 (1928). 

“0 Gay, E., British P. 282,894 and 283,274 (1926); Brit. Chem. Abs., B, 173 (1928). 

British P, 297,363, Aug. 19, 1928, to Kalle and Co.; Brit. Chem. Abs., B, 350 (1930). 

Spencer, D. A., Phot. J., 68, 490 (1928); Brit. Chem. Abs., B, 73 (1929). 
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acid, such papers being developed by weak alkali solutions or a 
(c) the diazo- compound is coated with a coupler in an unreactive State . 
an additive compound, development being effected by breaking UD the 
compound by heat, ammonia, etc.; (d) the diazo- compound is decomposeq a 
into a substance which will react with the original diazo- compound eith, 
keeping or in the presence of alkali. = 

A combination of boric acid and an organic acid (citric, tartari 
efhcient than the organic acid alone in preventing the premature f 
coloring matters in diazo- papers in which the coupling agent and the 
pound are applied together.242 A suitable coating mixture is: stannic chi. double salt of 4-diazo-1-dimethylaniline, 22, boric acid, 20, tartaric acid, 50, phi 
glucinol 2 and water 1000 parts. Preservation by depriving the surface of a 
ture during the preparation is also described.244 | 4 

Neuroth 245 prepared light-sensitive layers by bringing aryl azides ong support together with phenols, aromatic amines or aminophenols. , 
the exposed layer is effected by washing out the unreacted azide 
it inactive by reduction.246 

MmMonig E 
Jiu ° 

Cc ) is 1 

Ormatio, 

diazo. , 

Developmer: 

or by render 

Schmidt and Spietschka 247 described the manufacture of light-sensitive 4 
from diazo- compounds of aminonaphtholcarboxylic acids, such as 1-diagm 
hydroxy-3-naphthoic acid in sodium hydroxide. If exposed beneath a negat 
and washed with water, a blue-black print on a pure white ground js Obtait 
Schmidt and Zahn 248 add a compound other than a dye showing strong yj 
violet absorption, as sodium 6-phenyl-2-aminopseudo aziminobenzene-3,4’-digul 
nate, to inks, or crayons for making drawings from which blue prints are tc 
prepared, in order to secure clearer reproduction. , Z 

Miscellaneous Processes. In a photographic method for the reproduct 
of natural wood grains, the softer parts of the wood are removed by chem} 
and mechanical means. The pattern is then fixed on a photographic plate fr 
which the printing surface is produced. The treated wood may be illuminated 
ultraviolet light for reproduction or may be directly printed by x-rays.249 4 

Beebe *°° described a compound adapted for reproducing designs on me 
glass, etc. which comprises a varnish containing a light-sensitive oil (tung) a 
an accelerator (iodine) which serves to accelerate the action of light on the varni 
for photographic purposes. 4 

On the assumption that cellulose products as ethers or esters, papers, artific 
soaps, etc., on exposure to ultraviolet light become permeable to gases, vapors 
liquids, Kleiner,?51 patented a method for the production and reproduction of 9 
tures or designs by visible or invisible rays. | 4 

243 British P. 294,247, July 16, 1928, to Kalle & Co.; Brit. Chem. Abs., B, 1033 (1929). g 
Roan: V. Phillips’ Gloeilampenfabrieken. French P. 794,590, Feb. 20, 1936; Chem. Abs., 30, 51 

~ Neuroth, H., German P. 510,165, Oct. 22, 1929, to Kalle & Co.; Chem. Abs., 28, 886 (1931). 
*#6 See also Werner, G., U. S. P. 2,063,832; Chem. Abs., 31, 620 (1937); Alink, R., U. S. 2,083,285; Chem. Abs., 31, 5285 (1937). 
*47 Schmidt, M. P., and Spietschka, W., German P. 470,088, Dec. 11, 1927, to Kalle & Co.; Chen Abs., 28, 466. (1931), Bs 
248 Schmidt, M. P., and Zahn, 

25, 2066 (1931). 
*# British P. 308,373-4-5-6, March 22, 1928, to Masa G.m.b.H. zur Herstellung kiinstlicher Obe flache; Chem. Abs., 24, 32 (1930). See also for another process, R. R. Tanner, U. S. P. 2,127@ Aug. 23, 1938; Chem. Abs., 32, 7840 (1932). 
=)’ Beebe, M. Car U; -Si 1,574,356-7-8-9, Feb. 23, 1926; Chem. Abs., 
251 Kleiner, 

R., German P. 517,159, July 24, 1926, to Kalle & Co.; Chem. Ab. 

20, 1362 (1926). 
S., British P. 413,095, April 26, 1933; Chem. Abs., 29, 417 (1935). 
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Chapter 33 

Miscellaneous Applications of Ultraviolet Lid | ‘ 

An application of the polymerization of oils by ultraviolet light is to 
in the production of patent leather. It has been claimed that the ex 

be fe 

MISCELLANEOUS APPLICATIONS 651 

! 

«tet rays shorter than 3000A rapidly darken leather. ee aac ie 

Airavi° ace designs on leather by the aid of stencils or Uviol g = ae . 

sed e E. 11 The darkening is caused by an iron-tannin ce aa as 

pic Be ccs both tannin and iron. Inorganic or organic ee s 5 ee 

| ates O ease the depth and permanency of the diced a fp ae ane ie ; 
: me incr ) to lig requen 

d to ay _tanned leathers darken on exposure a . 

|  oaaenae 12 this is most marked in leathers tanned with catechol seri 

and an effective inhibitor have been unsuccessful. The presence 

mpts ing in ultraviolet light. ot sary for darkening in u toed. ; 1 13 

er *° Be cce meee methods have found application in leather mai ee 

4 ee believed it possible by such methods to assist in distinguishing betw 
| ) : . dy tissues, and ; POsure edo components of raw hide, that 1s, collagen, keratin, bloody nib gree 

varnished surfaces to the action of a mercury-vapor lamp gives the same reall yarious CV Is. They also were found useful in determining the depth ot p 
one and one-half hours as is obtained by several days of exposure to sunt nin oe eT wnd the saturation of the hides with such materials and 

The method is not, however, widely used. | tion 4 Bee ination of finished leather for indications as to the manufacturing 

: a y in the 15 One process is carried out in an atmosphere containing ammonia derivatives ): Bs which had been employed. 
gen, hydrogen or other neutral gases,* or in an exhausted chamber. The leath, 
carried on frames in the chamber, quartz lamps being arranged between the 
Lumbard* claims that better results are obtained if the extreme ultraviolet rays. 
filtered out. 

An apparatus for the treatment described by Priest, comprises a frame arran af 
re to have their varnished. é The action of the rays fro 

series of quartz lamps vertically arranged in the center of the revolving frame may 

bearings which serves as a support for the hides which a 
faces exposed to the direct action of the ultraviolet rays. 

supplemented by the action of ozone. 
Stoeckly° used ultraviolet rays produced by a high-frequency spark dischar¢ 

thirty to sixty times per second, each spark consuming about 0.7 kilowatt. 

cathe. 

- ; been 
e hsorption spectra of solutions of various tanning materials have 

acyred by de la Bruére.1® 

“ff se of the ultraviolet microscope, which combines emaae: ae 

ene rh the advantages of fluorescence, is finding application in the study 
ywer RY 

fr ' ; 

PETROLEUM PRODUCTS 

: i ion bands 
5 i 1 oils are characterized by absorption 

“absorption Studies, ori P3680, 2420 and 2400A. due probably to cyclic hydro- 
;  aaee a ) ; ee distinguished by ultraviolet 

Prior to jth maxima ‘Is of various origins cannot be disting me 
use of artificial ultraviolet sources, the stock coated with the linseed oil varnish mil yrbons.” oo rs of the oils merely decreases the sharpness of the bands. 
was exposed to the direct rays of the sun for eight to ten hours. a spectra. /\ging 

| of the apparatus employed are due to Hughes,” and to Elliott 

The kind of plasticizer is of primary importance in determining the 
deterioration of nitrocellulose films in artificial leather if embrittlement and inse 
bilization of the surface on exposure to light are to be avoided.® Anderson a 
Lamb 1° studied the properties of films containing various plasticizers, added to 
extent of 0.25 to 2.0 per cent to films from a 3-per cent solution of Cotton 
(nitrocellulose) in equal parts of butyl acetate and butyl alcohol. The films w 
formed by flowing on glass and exposing to the mercury arc. Of the eight plas 
cizers studied, “Sipaline AOM” (dimethylcyclohexyl adipate) gave the best rest 
as regards flexibility and durability on exposure to ultraviolet light. Triacetin 
also recommended for leather which requires much stretching. 

1 Heyl, C., British P. 113,622, Feb. 21, 1918; Swiss P. 76,436, Dec. 17, 1917; British By 
Feb. 20, 1918. 

2See also Swiss ‘P. 77,117 and 77,378; Dutch P. 1,970; Danish P. 22,258 and 22,269; Hintz, . 
J. Soc. Chem. Ind., 37, 709A (1918); Chem. Abs., 12, 1935 (1918); U.S. P. 1,269,931, June 15am 

3 Lumbard, V. G., J. Am. Leather Chem. Assn., 10, 86 (1915); cf. Lattey, W. T., J. Oil and Col 
Chem. Assoc., 9, 45 (1926); Brit. Chem. Abs., B, 377 (1926). 

“Priest, G. W., U. S. P. 1,262,977, April 16, 1918; J. Soc. Chem. Ind., 37, 343A (1918). 

5 Stoeckly, J. J., British P. 148,454 and 149,334, 1920; Chem. Abs., 15, 329, 450 (1921). 

(1923) 

7 Hughes, W. A., U. S. P. 1,747,301, Feb. 18, 1930, to Cooper-Hewitt Electric Co. 

SPiliott, E, L., U. S&S. P...1,702,043, Feb. 12, 1929; see also Brophy, J.-J., U. S, Bi 2,020,2: 
British P. 452,618, Oct. 26, 1935; Brit. Chem. Abs., B, 1109 (1936). 

® Genin, G., Halle aux cuirs, 67, (1932); Chem. Abs., 26, 3136 (1932). 

10 Anderson, H., and Lamb, M. C., Cwir tech., 23, 130 (1934); Chem. Abs., 28, 5999 (1934). 
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: ; Such drying Was gre 
retarded by a humid atmosphere. Dinsley and Pulman® suggested subjecting leathe; 
the ultraviolet rays prior to enameling it. Other patents dealing with structural feat 

6 Dinsley, A., and Pulman, A. O., British P. 190,781, Sept. 23, 1921; J. Soc. Chem. Ind., 42; 1s 

sorption 
ene can be readily determined in 

“a has been stated that benzene, xylene and tolu 

soline by ultraviolet absorption studies. Relate ee Ase On bee fore 

ding tion of light by various petroleum aR: 

he Be cteorptioh of a band at 2730A in samples of liquid paraffin parallels 
e 
esults of the sulfuric acid test for organic impurities. 

. : : i i hange color on exposure to light 
Mi oils dissolved in various solvents c ( 

eto the nature of the solvent.2? Carbon tetrachloride, eae ee ek 

| take place in acetone and ether. in me 
are the most active, but no changes Was 

b . of air, the Bead on is probably due to soluble polymerization products. 
L 

rate 

pt ‘ ; 3955 (1932); French P. 707,490. 
: : llegium, 161, (1932); Chem. Abs., 26, 5240 

Be isctic, 8 Stewie Soc. Leather Trades Chem., 18, 424 (1934); Chem. Abs., 28; 

(93). G., Cuir tech., 20, 141 (1931). 
“BDeforce, A., Halle aux cuirs, 36, 83 (1928); Grasse, G., Gur ree, & 
ee pot ufficiale staz. sper. ind. pelli mat. conciantt, 10, 237 (1932); Chem. Abs., 27, 

604 — 57, 77 
See ‘ews of these methods have been given by Desmurs, a ane’ aoe a x (1935); 

(1932 B Kar ten; ‘A. Ledertech. Rundschau, 26, 93 (1934); Cuir tech., . He ection Gndmatey, 

4 ee (1938). Karsten described a fluorescence microscope for use in the lea 19, 3384 (1925); 
"i6de la Bruére, A., J. Soc. Leather ties Chem., 9, 427 (1925); Chem. Abs., 1, ‘ 
Def . Halle aux Cuirs, 131 (1929). | 
ee Rk aa Serfass, E. J., J. Am. Leather Chem. Assoc., 33, 67 (1938). 

BV iés, “ML, Compt. rend., 180, 140 (1925). 
ee = aes Klinkenberg, A., Ann. combustibles liquides, 10, 79 (1935); Chem. Abs., 29, 

4 tgebicte Hyg. No. 22, 59 (1926); em. Abs., 31, 

a Pe chemical pein Of Russian petroleum have been discussed by Pyhala, E., Mat. grasses 

2, 912 31). : v Big 
a: a... Bendix-Nielsen, I. B., Dansk Tidskr. Tea Brit. Chem. Abs., B, 

7 Phar Fe tee ann, cae sies Tiguides, §, 977 (1930); Chem, Abs., 8, 4391 
2 Velli d, P., Ann. combust gene? ; . 

Mesiye eat ee ie pee ra Rett liquides, 12, 195, 250 (1937); Chem. Abs., 31, 7629 (1937) 

wy 

q 13; 0 
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daylight hours to fix the color or complete the color 
' ore 
ey a nd then remove the discoloring compound, preferably 

' With air, the change in color is not as distinctive, but insoluble Oxidation pra 
dy : a ec aximum a ; ) See are formed. Shile and Avakova 28 find paraffin containing more than 0.1 pea Beyon +0 EP a this process, the sensitive portion, which 7 probably ii preter il of oil to be unstable toward ultraviolet rays. Such paraffin, treated with full | distillation. < rendered non-volatile and remains in the residue on distilla- 

earth and exposed to ultraviolet rays, is light-stable. Ae ound, 
dom from color on exposure to sunlight. 

B* The distillate then reta It is said that the process may also Heavy liquid pharmaceutical petrolatums of different geographical] s known as complete fixation. ; ; ic ‘aa ect Mad obviate the differ considerably in resistance to spoiling by exposure to sunlight in flint oo. ‘he Be to the first pressure distillate of cracked gasoline and ee tae 
bottles.“* The light-stability can be measured by comparatively short ¢ 4 » applic ¢ treating a large percentage of the cracked gasoline with e 

xX a — 
Pos . Me essily » 

clay: fan has been improved in its fastness to light by treating it with 
of the oil in flint bottles to ultraviolet light. 

It was once suggested that ultraviolet light be employed in the cracking 
: i para ne J o ot . dit turn, petroleum oils. They were to be heated with a catalyst and sprayed through , a ss agents and radiations ot short bs lengths together 

irradiated zone.2° A patent to Physical Chemistry Research Co.26 describeq 4 acolor!? y be supplied during the irradiation. 
preparation of liquid hydrocarbons suitable for use as fuels by distilling soliq fal yxygen mA exposed Grozny petroleum distillates to sunlight for 

ea ; a : d Illarionov *° ; and subjecting the resulting gases, together with carbon monoxide and hydra ee ith free access of air. Kerosene, light and heavy gol alee 
to the action of both ultraviolet rays and a high-potential electrostatic field. ree mont il and cylinder oil were used. The specific gravity and reira 

27 a ii, engine 0} -y little. The dielectric constant increased at Egloff *7 heats normally incombustible hydrocarbon gases from Oil-crackiy yu, les changed very li 

ee fter two months decrease under superatmospheric pressure to about 650 to 1000°C., then lowers the ee hut a . 
arst, Ts hat rearrangement takes Pp 

d. The drop in the third month is explained by 
on the gases and subjects them to the action of ultraviolet light..28 Pressy, lace in an oxygen compound, the added active 

+ | eypposing t : ‘ forming ketoxy and oxy-com- Miller 29 renders solar light petroleum distillates, refined by treatment with 4% - being given to other unsaturated Se ae a Rania 36 however, state ea: Seve pit ax ) rons silica gel, sweet to the “doctor test” by exposure to the radiations from a Mercypy 4 ais No aldehydes were found. Pane we Sidbhieage Ses 
vapor lamp. Morrell®° treats hydrocarbon distillates containing merca 1 . wave-lengths increase the viscosity 0 

ptans } 
converting them to mercaptides by treatment with “Sunlite”’ solutions and the 
precipitates the mercaptides by exposing the products to ultraviolet light. | 

The bloom or fluorescence of petroleum oil may be destroyed by ultravio} 
rays.°4 Some oils are thereby reddened in color or otherwise slightly darkene 
Other oils are bleached by such treatment. Petroleum oils intended for use ¢ 
lubricants and which may have gumming properties due to unsaturated component 
are improved in quality by exposure to ultraviolet rays in an inert gas. Apparent 
polymerization occurs, resulting in the formation of saturated bodies. Gray 3 
deblooms lubricating oil, paraffin wax and the like and brings about partial cor 

_ version to acids and esters by blowing air through the hydrocarbon material at 5 
to 120°C., while exposing it to ultraviolet rays. Catalysts may be present and th 
operation may take place at pressures up to five atmospheres. Gray states that h 
has been able to convert 75 per cent of the hydrocarbon material into fatty aci¢ 
by this process. 

Color Changes. Gasolines refined from certain California crude oils no} 
treated by clay or acid tend to take on a color which may be pink, yellow or ligh 
chocolate when the product is dispensed in a visible pump in the presence of sun 
light. McConnell 33 proposed to treat such oils by exposing them to daylight for 

the color stability of gasoline to sunlight, Hoeman 87 used a ferric 
Jn testing eter for gauging the intensity of the sunlight at the time the ae 

oxalate Be the asoline me, made, Lowry, Smith and Murphy ** standardize 

— oe against the summer sun in testing the color change in gaso- 
mea carbon are “e aah exposed in 4-oz. oil bottles of ordinary glass, Corex 

The samp tae found that a West Texas gasoline, when exposed is 

containing carbon arc, changed in color from Saybolt 22° to 17 

Another listed as “commercial gasoline B” changed from 20° 

fines. 
glass and quartz. 
glass to a cerium- 

jn ten minutes. 4 ahs : 

4 ‘@ ee. way in which some gasolines become hazy and discolored and 

3 Se iment in a glass dispensing bowl has been made by Morrell, oe 

Sle ef 39 In reviewing earlier work,#® they state that it had been indicate 

ty a = F ation in gasolines is due to oxidation reactions involving sulfur 
that “ae ee rated hydrocarbons. Samples of Midcontinent pet 

Benes Mectled gasoline and a blend of equal parts of straight-run and aoa 

Brine wert exposed in quartz Se Rae il SD Sue toe 

“presence of air, oxygen, nitrogen, carbon dioxide or hy¢ tae ae sad SCE 

q ; eveloped color, gum, peroxides, a 

ee eis ron and blended gasolines developed haze, the cracked ones 
*8 Shile, V. N., and Avakova, E. S., Nestyanoe Khozyaistvo, 25, No. 9, 59 (1933); Chem. Abs., 28 Mes | Cracked and blended gasolines developed more gum in oxygen than did 4886 (1934). 

= (arecn, Io, W., atid Schoetzow, R. E., J. Am. Pharm. Assoc., 21, 1286 (1932); Chem. Abs., 
1987 (1933). 7 

* French P. 469,948, 1914, to Continental Caoutchouc and Gutta-Percha Co. | | 
6 British P. 357,206, June 4, 1929, to Physical Chemistry Research Co.: Chem. Abs., 26, 4701 (1932). 

German P. 475,343, Aug. 28, 1926, to Werschen-Weisserfelser Braunkohlen, A. G.; Chem. Abs., 

. 2, 3341 (1929). See also”. 

_ % Kovalev, T. G., and Illarionov, : 

| BE chenkov, G. M., and Puzitsckii, K. W.., TiiGen, Chem (U.S -5:ie.), 44 394 1937); Chem. Abs., 

31, 4800 (1937). Bee re 

_ a oe ee ie es aud Matoly, G. B., Ind. Eng. Chem. (Anal. Ed.), iy ite 

® Morrell J C enesict, W. L., and Egloff, G., Ind. Eng. age ae eee gloft, G., 

Morrell, J. C., Benedict, W. L., and eh cae 'B a's and Parker, H. O., Petroleum, 
1 ”) 18 3 ? re sats % > 1927 : 

Etity Pe coat, Tk fem. «Petroleum Tech., 12, 518 (1926); Chem. Abs., 2, 1702 (1927) 

V. V., J. prakt. Chem., 138, 306 (1933); Chem. Abs., 28, 1513 

7 Egloff, G., U. S. P. 1,904,362, April 18, 1933; Brit. Chem. Abs., B, 134 (1934). 
*8 For a patent relating to the utilization of ultraviolet rays for supporting combustion in heat engines, 

see Gill, H. A., British P. 269, 808, Nov. 9, 1926. 
Miller, BE. B., U. S..P. 1,647,459, Nov..1, 1928: Chem. AVSiy ots Olan A928 a 

* Morrell, J. C., U. S. P. 1,904,382, April 18, 1933, to Universal Oil Products Co.; Chem. Abs. 
27, 3601 (1933). 

81 Ellis, Carleton, U. S. P. 1,089,359, March 3, 1914. 

88 GtaysT.. Dig Us SP. 1;1$83205,Octs 26.1915, 
88 McConnell, J. R., U. S. P., 1,590,841; June 29, 1926; Chem. Abs., 20, 3077 (1926). 

8 (1933); Chem. Abs., 27, 5525 (1933). 
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straight-run gasolines. Under i , : nert gases, the straight-run gasolj | 
eds from 30° to 28° only, and the cracked and blended vatolnenal dro Ded 

ee ive eae ee of acid or gums and only very small amounts of ail 

e addition of sulfur (0.01 to 0.1 per cent) was deleterious cit a 

eoached a limit set by the particular pretreatment to which the sample 

Bien suibjected. 
‘on the other hand, Freund *4 believed the absorption of oxygen of secondary 

C He considered the resins to be formed from complicated unsaturated 
presence or absence of oxygen. With ai er jam | 

| 

in the amounts of color asd gum fahuede Mais Cuidae isis a marked ind p° sans. A brief irradiation resinified only the most unstable unsaturated | 

ber were also greater than in the absence of added sult lon and peroxide 2 we nds. The resinous, eum-forming compounds produced in petroleum-cracked | 

the color depreciation and gum formation were less in fiye-af With added suls, mp a py ultraviolet rays ‘nereased in amount with the exposure. Extremely aan 

haze or acids appearing and only very small amounts os Sence’ Of Jaa gene foo mounts were formed in comparison in primary benzines, paraffins, naph- 1a 

Hydrogen sulfide was evolved in all cases. Oxygen is ks a eroxides devel 9 pal and aromatic and simple unsaturated hydrocarbons. It was found that { 

tion of haze, acids or peroxides, but not always for the Neer i form, Bear and oxygen nein tas / aeeaddhes Uae Sarre reek ese 
aration of the resin. 

: 
The elemental sulfur was almost completely removed as such duritee "a col 

EXPos ay se icehen without oxygen. Oxides of sulfur were formed. , 

“nem i ee: of n-propyl disulfide (representative of disulfides like! 1 

ie eee gasolines or formed by sweetening) decreased the color st to | 

be na air of straight-run and blended gasolines. The decreases Abilities 
a fee and even the cracked gasoline was affected. -The disulfide had Seat 

_ e “ on the gum formation in gasolines exposed to air, althou howell 

ae : oxygen it caused a small increase. The peroxide number of es In tho 

pea. pace lower sa the acid number higher than in the absonaas _—_ h 

is was not, however, true of the cracked a 
Fok ie gasoline. D ; 

Sie Sa no nembeona HoH of gasolines exposed in hydrogen vitvozen a add 

; ercaptans were formed during expos » TU carb 

No fixed relation was f posures In non-oxidizing atmospher 
ound between color and ie Phere 

for ; and gum formation. a 
et ues or gum can form with no color depreciation; or se _ 

a as an. eugene in sane gum content. Haze particles Bob des stilfur di a 
-or the corresponding acids and or ‘ ; ioxic 

f 
ganic material. Most 4 

ee Sen aus found in the haze particles which could be ona 
ue er paper. Although this i Lah ed | 

the gum content of the gasoline. ss s improved the color, it did not affe 

R i . b Mio! ' 3 

ee Bree ne with Pennsylvania and California gasolines were similar, wit 

oes Me g Sie The Pennsylvania straight-run gasolines with no ; a 

Laat oN a Samper did not form gum on exposure to light and air, althou h a 

in gum ea at? "5 he fee of n-propyl disulfide caused slight increall 

; e Pennsylvania cracked gasoline and i a 

gasolines. The results with the inert nd in all of the Californi: 

continent gasolines. atmospheres were the same as with the Mid 

These workers have agai 3 : 
gain recently empha ig a 

Pessence.ot sulfur or autor oe ee sized that color is formed only in th 

eid Perea eee exposed to the carbon are under oxygen give trac F 

unchan es ate * nd aldehydes. The bromine number and refractive index 2 
= o bf ah t, either in the presence or absence of sulfur and propyl disulfi 42 

closed oe ee eae eae samples of motor fuels ‘under oxygen in 

€ rays or a mercury lamp and found th if 
oh ect onsen formed to be a function of the rate of absorption of pe "i At 

ie ae ee ve peared of gum formed was almost proportional to si amoull 

¢ ygen absorbed. Gradually, however, the absorption of oxygen diminishell 

ring sep ‘ . 

The larger the storage tank, the slower the diffusion of oxygen and the less 

om formation. Sunlight lowers the induction period for gum formation, but 

4 ter has the opposite effect. The rate of gum formation roughly triples for 

Mery twenty degrees rise in temperatur e.% | 

To stabilize cracked distillates, especially from California or asphaltic base crudes, 

ich contain more unsaturated and unstable constituents and more gum and coloring 

er than the straight-run distillates from the same sources, Davis “ employed a photo- 

‘aj reaction. Daylight, sunlight or artificial ultraviolet sources were used and the 

constituents were oxidized in the presence of copper oxide. They formed 

cids which produced copper salts soluble in the oil and removed from it by 

t distillation. A continuous stream of hydrocarbons in the vapor state mixed 

can also be conveyed past a source of ultraviolet light and the oxidized 

densed, according to Martin.” 

proposed to remove the resin-forming constituents in the refining of hydro- 

s by accelerating their polymerization by treating the hot oil or its vapor with 

1 amounts of oxygen and then removing the polymerization products. Other 

ld be used also, such as a glow discharge, irradiation or the addition of small 

lar method, Goltstein ® polymerized constituents in petroleum and similar 

thereby changing the physical characteristics of the distillate. By using 

ercury-vapor lamp, at 60 volts and 6 amperes, the viscosity (Engler) 

1 oil was increased from 6.4 to 7.8 in a half hour. The treatment may be 

Tn the cracking and distillation patent of Tingley,®! the oil is subjected to the 

action of emanations from a radioactive substance or to ultraviolet rays before it 

_ Light-stability may also be sncreased in cracked gasoline by the addition of 

0.01 to 0.5 per cent of triacetoxytriethanolamine or other esters of the general for- 

mula (RCOOR’),NH, in which R’ is aliphatic, R aliphatic or aromatic, 4 is 0, 1 

or Zand n t-6r 33 | 

Testing of Gasolines. The stability of gasolines may be tested by ultra- 

violet light in order to predict the tendency of the samples to form gums. Allusion 

“Freund, M., Brenzstoff-Chem., 14, 61 (1933); Chem. Abs., 27, 3808 (1933). 

_ 45 Freund, M., see also Proc. World’s Petroleum Congress, 2, 108 (1933); J. Inst. Petroleum Téch., 

83A, (1934); Balada, A., Petroleum Z., 31, No. 48, 11 ». 

46 McNamara, T. L., Refiner and Natural Gasoline Mfgr., 13, 381; Chem. Abs., 29, 2721 (1935). 

“Davis, R. F., U. S. P. 1,551,806, Sept. 1, 1925. 

48 Martin, R. B., U. S._P. 1,678,403, July 24, 1928, to Mineral Separations N. Am. Corp.; Brit. 

Chem. Abs., B, 702 (1928). | 

4 Tauss, J., German P. 475,277, Dec. 1, 1923; Chem. Abs., 23, 3340 (1929). 

50 Goltstein, E., British P. 249,895, Sept. 30, 1924; Chem. Abs., 21, 1007 (1927). 

51 Tingley, S. L., U. S. P. 1,627,937-8, May 19, 1927; Brit. Chem. Abs., B, 516 (1927). 

52 Mikeska, L. A.,; and Holtzclaw, J.B; UW. Sr P.12,110,274, March 8, 1938; Chem. Abs., 32, 3600 

(1938). 

41 Morrell, J. C., Benedict, W. L rs : ” » W. L., and Egloff, G., Ind. Eng. Ch 
Note also Berger, G. W., Refiner Natural Gasoline Mfr., 15, 411. Gane it ee 

48 Vellinger, E., and Radulesco, G se ce se Gi, Come rend., 196, 1495 (1933); Ann. combustibles liquides, & 
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to this appeared in a patent of Somerville and Hoffert.53 i i i ter by a 

i ‘lized against light and wa 
q ‘i gasolines may be stabilize 

ek 

sain con ae pea a zs Bee ee fluoride.62. One of the Cyaan is pene as the Oa a Hee con * too severe as it resinifies certain compounds « q amount 0 4 Se eit ascites aeration 

remain stable on prolonged storage.5 E 
As a result the conclusions of erated tests are not always in agreement with those obtained after stora months. Nevertheless, the. method has been frequently proposed. Reiff ®> standardize the radiations employed by their effect on an Oxalic acetate actinometer, and consider the effects of temperature. They no coloration started under radiation increases in darkness,. whi process. Schulze and Frey 56 exposed the fuel to actinic ligh it with an aqueous solution of glycol and water as a separate 

Woog, Givaudon and Dacheux 57 found that the use of wh 
potential gum gave unsatisfactory results. The effect of u determined by exposing the sample, first in crystallizing dishes 
phane and later in Pyrex glass to.a quartz 

Such a 

Se fou 
Bearg- 
ACid-yp. 

te that 
ch suggests a 
t rays while tren, 
liquid Phase 
ite light in 

Itraviolet 1j 

es ovose the use of dyes as stabilizers to ribs smarts’ Socading 

odo a li tions to Petroleum Products. Chlorinated hy filoebetientereenaes C ter Applica erchloroethylene, trichloroethylene and oe odes ee 

ni :: a light by the addition of small amounts of buty , 
q a aso- 
ade © lin or Decalin.®* Mitscherling ®° claims te ieee a eee Be otra d ketones by the action of a rare-gas ite ence of an Oxi- 2 of alcohols 4 : The irradiation is conducted in the Ae ound, such ping 2807 © teat perborate or percarbonate, and a metal compount, 

| agent, suc 

bf 

A 

ing test S j a 

coppet ght y 
covered with Cel : has been io -rays, cathode rays, etc. Ni mercury arc (5.4 amp., 110 1 % tion with violet or a et eae components of such dispersed o ape _ Volts) iit : 66 for the separa 

about 30 cm. The results were very decisive and revealed a difference ing ested by Seagal emulsions or foams. quality of two gasolines between which bomb tests had failed to show a differen ters as petroleum-w The tests were completed by bomb tests following the irradiation. Sufficien 7 reproducible results could be obtained whe 
higher values, the accuracy dropped to 10 
thought to be ultraviolet tr 
hours. For ordinary gasol 
for two hours sufficed. 

Freund 58 found the results obtained by te 
agreed closely with those of storage tests. 

n the gum did not exceed 10 mg, = 
per cent. The optimum conditions t 

eatment for one hour and heating at 100°C. for th 
ine, ultraviolet treatment for thirty minutes and heatj 

DruGcs AND RELATED PRODUCTS 

| incr ency of drugs by 
q been a few who have claimed to cae Pea a aie eee 

a. he Itraviolet rays. Cunningham and Mac Nae ea 
fe application Of Mguinine sulfate, to the liquid under treatmen of ultraviolet ubstances, such ‘Bo ~ Oe. vole. and subject the vapor to the action of 

hrough an atomizing nozzle, ; ile, pine needles, colts- : r a, camomile, pine n minutes of ultraviolet Irradiatj Abrahamowicz °8 has proposed to treat arnica, 
: . and ws if. a ant hile dry, with both x-rays The elementary composition of the of a or elder blossoms or stinging nettles, w y so formed appeared to be the same as that formed during storage in darkness foot, lime under the influence of oxygen. 

| 

; i taplasms. 7 ae an before using them in ca seit eran. atraviolet rays, are not well substantiated. No widely ons Peete chapter. 
gs s a ae production of vitamin ab) discusse M = ae ee 

a hs rmacists have long realized that light, and par arations Elaborate 
ie nee ee a deleterious action upon many tae gpein this may occur ie 3 detailed for inclusion here, on the Gaye rela work was mainly stu . conducted by Arny, Taub and Stein a transmissions of various e been ectrophotometric determinations of the he American market. In 

2 ie gths bythe 2 Re naa nig mes Sey occurred in direct light vave-1en eteriora ; :. 1. from three to twelve times as much t of the drugs and chemicals 
a d with diffused light. About 15 per cen tection from ultraviolet — oh nsitive. Amber glass gave the best protect! but are expen- 
4 4 "Red pechod glass and Corning Red were = versace ui comiponnde rays. ” AF tisfactory results, ‘ie ers gave sa > in roxide. he ¥ fees ai known, acetanilide stabilizes hydrogen pe 
stabilized phenol and, 

Baxter 59 observed gum formation in samples of gasoline derived fr 
shale oil when treated in the presence. of oxygen with sunlight, ultrayv 
x-rays. Birch and Stansfield © found:that samples of cyclohexane of peroxide oxygen per'liter in a sam 
gm. per liter in a sample kept in dar 
the light sample. Cyclohexane in contact with air shows indications of of peroxides after a short exposure to ultraviolet light. | In a patent of Rosénstein and Hund ®! on the addition of selenomercaptan ¢ produce antiknocking gasolines, it was stated that untreated gasolines containin 62.2 mg. of gum per 100 cc. had after exposure to ultraviolet light for 24 hours. gum content of 102.9 mg. per 100 cc.. Selenomercaptan-treated samples had 33, mg. per 100 cc. before and 33.7 mg. after a similar irradiation. It was believe that this treatment with selenomercaptan checks the tendency to gum formatio: and may render unnecessary any previous fixation process for the removal o 
unsaturated materials. 

om Colorag 
iolet light 
gave 0.2 ¢ 

ple kept in light for six months and only 0.00 
kness. No visible gum, however, deposited 

the presen 

: 
\ 

9 1 1S 28 

- I ) . M., 
9 > 5 

e 

54 Brunschwig, R., Chal. et ind., 315, Oct., 1928; Brit. Chem. Abs., 1929B, 931; Brunschwig, K. and Jacqué, L., Compt. rend., 189, 486 (1929). 
® Beard, L. C., Jr., and Reiff, O. M., Ind. Eng. Chem. (Anal. Ed.), 3, 280 (1931). q 56 Schulze, W. A., and rey, F.E.,. U.. Sp_P. 1,950,697, March 12, 1934, to ‘Philips Petroleum Co.; Chem. Abs., 28, 3562 (1934). 

7 ss ea” Givaudon, J.,.and Dacheux, P., Rev. petrolifere, No. 584, 721 (1934): Chem, Abs., 28 02 (1934), r | q fos M., World Petroleum Congress, London, Proc. 2, 108 (1933); Chem. Abs., 28, 48a 
5° Baxter, R. A., Ind. Eng. Chem., 21, 1096 (1929). 
© Birch, S: F., ‘and Stansfield, R., Nature, 123, 490 (1929). 
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- de Schacken, J. M. G., 
30, 5430 (1936). 
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Eisenbrand believes that for highly sensitive substances, violet mang 
is best. For less sensitive drugs, brown iron glass will usually suffice. 

Rojahn 1 gave data on a number of alkaloidal solutions and tinctures ; 
exposure of a year to sunlight reduced the strength of tincture of hydrastis a1 
25 per cent and of tincture of capsicum 35 per cent. The tinctures of acd 
areca, belladonna, granatum and strophanthus were relatively stable, the lad 
being under 5 per cent. Alkaloidal and alkaloidal salt solutions, after 24 hal 
irradiation by ultraviolet light, suffered losses up to 31.3 per cent (cinchonigin 
Cocaine was least affected. The losses were 23.6 per cent in tincture of hy deal 

35.1 per cent in tincture of capsicum and 28 per cent in tincture of arecg. m 
optical rotation also was lessened. The color of tincture of Capsicum , 
decreased by exposure to daylight. In the tinctures of granatum, hydrastig q 
areca, it was increased. | 

Tribromoethyl alcohol is very unstable in light.72 An exception to the behay; 
of many pharmaceutical preparations is offered by the decolorized solution | 
iodine which, according to Merry,”* should be kept in colorless glass contain 
exposed to sunlight. . 

The mydriatic action of homatropine hydrobromide is not decreased by EXPos| 
to ultraviolet light, according to Pittenger and Krantz.74 On the other fap 
Macht and Krantz,” found that ultraviolet rays produce a rapid deterioration 
the tincture of digitalis.On prolonged exposure, a point is reached at which th 
are formed products of increased toxicity for both plants and animals. On fypy 
exposure, a secondary weakening in potency occurs. Ultraviolet and_ polar 
visible light were said also to cause a decrease in the anesthetic action of 5 
isomeric octyl alcohols.76 Macht and Hill?’ were unable to detect any loss 
the antiseptic or germicidal action of 1: 500 solutions of Mercurochrome-220 aff 
exposure to ultraviolet rays or to polarized visible light. Krantz and Carr 78 foy 
that elixir of pepsin and rennin became less acid on irradiation, but samples stot 
in amber glass compared favorably after six weeks in direct light (supplemen| 
by Alpine lamp irradiation for one-half hour each week) with fresh preparatio 

The toxicity of quinine for infusoria is increased by ultraviolet irradiation 
its solutions, provided the intensity is sufficient. If too great, however, the fluore 
cense is increased and the toxicity decreased.79 | 

It has been noted 8° that finely ground pyrethrum powders lose most of th 
toxicity in a few days of exposure to summer sunlight and air. With finely grou 
derris, the loss was about half as rapid. A one-hour exposure to a mercury-vap 
lamp was equal in detoxicating power to eight hours of July sunlight and w 

anese aie _, constant and easily controlled. Extracts in petroleum distillates were 
“ea or d by Hoyer ®! in tight flint-glass bottles to sunlight and daylight for four 

. and at intervals tested for their toxic action on flies. Sprays prepared 
a odorless base gained slightly in toxicity during the first four days, but a 

De prepared in an ordinary petroleum distillate lost toxicity from the start. 
amP the fourth day, all samples lost toxicity rapidly, the loss being 65 per cent 
eo months and 90 per cent at four months. The increase observed in some at 

ct may have been due to the formation of an unstable toxic substance. The 

a 5 with odorless base became hazy within three hours and their amber color 
q gradually lost. Finally, a white precipitate settled out. The sample with the 
Bary base remained clear but lost some of its color. Chemical assays did not 
y consistent results. Pearson ®? found that the substitution of some of the 

thru by pine oil retards some of the changes. . 

" Fleming and Baker 8% found that exposure to ultraviolet light reduces the value 
. rotenone as a stomach poison for the Japanese beetle, although the value of 
is ris and rotenone as-repellants was but slightly reduced by exposure for 24 hours. 

4 prolonged sun-drying of pyrethrum caused appreciable losses, but quick drying 

nthe sun did not.8* According to Jones, Gersdorff, Gooden,. Campbell and Sulli- 
B85 the photochemical decomposition of dry rotenone does not take place in the 
ngennce of oxygen. Rotenone, its hydrochloride, rotenone-bentonite mixture, derris 

got and derris extract lost more than half their toxicity during a ten-day exposure 
, sunlight. Arc light practically destroyed their toxicity. Dihydrorotenone was 

resistant, requiring twenty days in sunlight, but in arc light it lost toxicity 

9 about the same extent as rotenone. Lampblack afforded some protection. . 

E Anthelmintic capsules of tetrachloroethylene intended for animals, may be stabi- 

wed against light 8* by incorporating an oil-soluble red dye such as Oil Soluble 
Red O. Deichsel 87 uses 0.5 per cent of the azo- dye from o-anisidine and B-naph- 

thol to make light-stable a solution comprising a terpene oxide such as ascaridol. 

“Tobacco. Ultraviolet light is occasionally applied to tobacco for the pur- 

jose of killing molds on the leaves. It has also been recommended for slightly 

tering the color. Dorcas §§ states that this may have important applications in 

foreign markets, but in the United States is not particularly important, except for 

Jeaves intended to serve as cigar wrappers. Exposure to ultraviolet also causes 

anumber of little understood changes in the quality of the tobacco. 

f 

The Neuerburg’sche Verwaltungs Gesellschaft” claimed that the denicotinizing of 
tobacco by fermentation may be accelerated by irradiation with wave-lengths shorter than 

A and that the application of ultraviolet light improves tobacco which has been 
fainted and partly degraded by mold and other micro-organisms. Richter claimed to 

Pee et eee, See eee ee reduce the toxicity of cut or sliced tobacco by exposing it on an endless conveyor belt to 2247 (1929). 

71 Rojahn, C, A., and Herzog, H., Pharm. Zentralh., 73, 401 (1932); Chem. Abs., 26, 5173 (1932 ; . 

Rojahn, C. A., and Haase, E., Pharm. Zentralh., 74, 625 (1933); Chem, Abs., 28, 855 (1934). a ee Si” (Sanitary Products Section), 11, No. 12, 105, 107, 109, 111 (1935); Chem. 

; Abs., 30, ; 
ea ae habs ge Batt | are caer ome 3 ® Pearson, A. M., Del. Agr. Expt. Sta. Bull., 196, 5 (1935); Chem. Abs., 30, 3570 (1936). 

m4 ee es pie. pe a ta. Teh, Ate ale ie 17, 1081 (1928); Chem. Absy ? Fleming, W. E., and Baker, F. E., J. Agr. Research, 53, 197 (1936); Chem. Abs., 30, 8497 (1936). 
1214 (1929). STA Ta se i oe is “= asectley, V. A., and McNaughton, F., E. African Agr. J., 2, 327 (1937); Chem. Abs., 31, 5503 

Macht, D. I., and Krantz, J. C., Jr., Proc. Soc. Exptl. Biol. Med., 23, 340 (1926); Macht, D. a? 
Arch. Phys. Therapy, X-ray, Radium, 13, 5 (1932); Chem. Abs., 26, 1667 (1932). 

7 Schroeder, H., and Macht, D. I., Arch. exptl. Path. Pharmakol., 158, 53 (1930); Chem. Al 
25, 4049 (1931). 

% Macht, D. I., and Hill, J. H., J. Am. Pharm. Assoc., 16, 110 (1927). 

% Krantz, J. C., Jr., and Carr, C. J., J. Am. Pharm. Assoc., 19, 32. (1930): 

7 Fedorov, B. T., Bull. soc. naturalistes Moscou, Sect. biol., 44, 119 (1935); Chem. Abs, % 
2643 (1936). 

80 Badertscher, A. E., and Wotherspoon, R., Soap (Sanitary Products Section), 11, No. 4; 87; ot 
113 (1935); Chem. Abs., 29, 4125 (1935). ? 

, Jones, H. A., Gersdorff, W. A., Gooden, E. L., Campbell, F. L., and Sullivan, W. N., J. Econ. 
entomol., 26, 451 (1933); Chem. Abs., 27, 4015 (1933). 
3 qenderson, C. N., U. S. P. 1,703,377, Feb. 26, 1929, to Parke Davis and Co.; Brit. Chem. Abs., 

- Deichsel, S., U. S. P. 2,066,717, to Winthrop Chemical Co.; Chem. Abs., 31, 1040 (1937). 

® Dorcas, M. J., Trans. Illum. Eng. Soc., 28, No. 7, 575 (1933). 
German P. 507,194 and 527,361, 1928, to Neuerburg’sche Verwaltungs Gesellschaft; Chem. Abs., 
» 560, 4664 (1931). See, however, Chapter 27. 
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ultraviolet, infrared or visible light of specified wave-lengths. Pacini™ first dail MIscELLANEOUS Propucts 
the tobacco with water containing a “sauce” which may contain coumarin, e¢ | 
agent such as glycerol, ethylene glycol, malic, or tartaric acid which wag bal an 
counteract the opacity of the other constituents of the sauce, before irradiating “VG 

& 7 

® exposure of a polished metal suriace to ultraviolet rays may render it 
sasingly liable to corrosion was indicated by tests conducted at the Bureau of 

q | a rds.104 Specimens of Armco iron, medium carbon steel, stainless steel, and 
ong, )_aickel steel were used for the test and were irradiated eight hours. Moisture 

| Pine breath condensed differently on the exposed and unexposed surfaces, ren- 
-. the two easy to distinguish. On the exposed part the drops were larger 

a n the unexposed part, and the surface looked as if'a very thin oil film had | BP oread over it, making it less easily wetted than the unexposed surface. In Bcc of medium-carbon steels, very noticeable corrosion of the exposed spots 
found to occur after four condensations of moisture, although the rest of the 
face was hardly attacked. Chromium and nickel steels did not show any corro- 

_ although there was the same difference in appearance between the exposed 
+ ynexposed surfaces. Jameson 1° has described appatatus for testing the 
sthering properties of steel plates by exposure to water sprays and ultraviolet 
. Enos? believes ultraviolet light increases somewhat the rate of corrosion 

‘various steels. Similar effects are probable with zinc, lead and aluminum.107 
daylight or artificial light, the rate of corrosion of Electron alloy in sea water 

screases With time, although in darkness it remains constant for several days.108 
Pfeiffer 109 found that the irradiation of 0.5-mm. films of asphalt on clean iron 

tes leads to the formation of a hard-shrinking skin formed by polymerization 
4 oxidation. Gddrich™® states that ultraviolet rays render asphalt more 

“Andrews 114 tests road tar by exposing a l-mm. layer at 150°C. in a given 
sphere to ultraviolet light at 12 inches for twenty hours, with a sheet of Vita 
interposed. After this the penetration of a standard needle, 100 gm. at 
, shall not be less than 50 at the temperature at which the penetration of the 
1 sample was 100. . : ! 

euber and Herberg 1! find that in petroleum asphalts, diffuse sunlight causes 
shrinking of the surface layer with the formation of cracks. The oily constitu- 
decrease with the time of exposure. The petroleum resins increase slightly, 
he paraffin and ceresin content are hardly’ changed. ‘The content of hard 
It increases considerably. The nitrogen content increases considerably, but 
ulfur content is unchanged. The carbon content decreases under the short 
olet, although it may increase under sunlight. 
n accelerated testing cycle involving alternate exposure to a carbon are and 
rsion in water has been described by Strieter and Snoke.43 The wash. water 

examined for soluble organic products. Acids and ketones are found. 
“Moisture in the air accelerates the changes in bituminous coatings which occur 

™ Ind. Eng. Chem., 16, 698 (1924). 

meson, C. W., British P. 283,539, Jan. 13, 1927. 
nos, G. M., Ind. Eng. Chem., 17, 793 (1925); see also Bannister, C. O., and Rigby, R., J. Iron 

nst., 133, 293P (1936); Lavenets, I. V., J. Applied Chem. (U.S.S.R.), 10, 1556 (1937); 2, 2073 (1938). : ett ), 10, (1937); Chem. 
a annister, C. O., and Rigby, R., J. Inst. Metals, 58, 227 (1936); Chem. Abs., 30, 3390 (1936). 
_, pokeev, V. M., Vestnik Inzhenerov i Tekh., 302 (1933); Chem. Abs., 32, 5762 (1938). 

feiffer, J. P., Verfkroniek, 8, 43 (1935); Chem. Abs., 29, 4853 (1935). 
Odrich, P., Monatsh., 36, 535 (1915); Chem. Abs., 9,-3127° (1915). 
ndrews, R. S., Gas J., 205, 206, 259 (1934); Chem. Abs., 28, 2162 (1934). 
Cuber, F., and Herberg, E., Mitt. tech. Versuchsamtes, 24, 71 (1935); Chem. Abs., 30, 4658 

Lilienfield 9* claimed the irradiation would render mild and cure, gt; 

viously aged and fermented tobacco leaves. 

Chesley 9° subjects cured and aged tobacco to ultraviolet rays which cont 

a selected portion of the light used. It is applied by special carbon are lam 4] 

tobacco being continuously moved in a revolving drum to subject every - 
the action of the rays without appreciably reducing the moisture content. 
also was used a small proportion of infrared and visible radiation, Wi 
Bunker 9* treat tobacco in a drum, part of the wall of which is of quartz 

mercury arc. 

al 

X 

bs cL 

In a curious method of preserving the aroma of tobacco, Senftner 95 inclaal 
in an envelope of cellulose material the pores of which are filled with ergosterg 
cholesterol which may be irradiated. a 

Although the discussion (Chapter 27) of the irradiation of nicotine yw, 
indicate that the alkaloid cannot be destroyed in tobacco leaves by irradiation ¢. 
reasonable time, it has been claimed that the alkaloids in tobacco, tea, coffee 
may be decomposed by irradiating the products in the presence of a 1.5-per , 
sodium bicarbonate solution.%® 7 

Alcoholic Beverages. According to Henri, Helbronner and von Recky 
hausen 97 wines may be quickly aged by ultraviolet irradiation. According 
Petri,98 exposure of wine to ultraviolet radiation for 0.6 to 4 seconds had no ef 
on the rate of fermentation, on the production of acids during maturation, M 

the vitamin D content, but there may have been an insignificant increase in 
content of vitamin C. . 

From time to time, it has been proposed to age whisky by ultraviolet light, 
little or no application seems to have been made of such processes. Mancini 
Archangel 98 would pass the rays into the whisky through quartz rods. The 

of ultraviolet or infrared rays or a high-frequency or high-tension current in 

aging of liquors is suggested by Stein. Merory 1! irradiates the vapors du 

distillation.192 Philipsky 193 ages mead by irradiation. The non-aromatic const 

ents are removed and only the bouquet-producing extract is irradiated. 

aj i964 

%1 Pacini, A. J., U. S. P. 1,920,588, Aug. 1, 1933; Chem. Abs., 27, 4882 (1933). 

92 Lilienfield, W. E., U. S. P. 1,731,018, 1929; Chem. Abs., 23, 5547 (1929). 

93 Chesley, A. L., U. S. P. 1,926,035, 1933, to American Tobacco Co.; Chem. Abs., 27, 5898 (19 
British P. 349,174, Feb. 21, 1930. | 

% Wix, A., and Bunker, S. W., British P. 421,487, Dec. 21, 1934; Chem. Abs., 29, 3786 (1935) 

9% Senftner, G., U. S. P. 1,920,483, 1933; Chem. Abs., 27, 4882 (1933). ( 

96 Popoff, M., German P. 565,373, July 6, 1929; Kennedy, D. J., U. S. P. 1,859,740, May 24, 1 
Chem. Abs., 26, 3857 (1932). a 

% Henri, V., Helbronner, A., and von Recklinghausen, M., U. S. P. 1,130,400, March 2, 1915. 

% Petri, W., Z. unters. Lebensm., 64, 177 (1932); Chem. Abs., 27, 5469 (1933). 7 

29 Mancini, J., and Di Archangel, N., U. S. P. 2,040,264, 1936; Chem. Abs., 30, 4618 (1936); 4 
Chem. Abs., B, 487 (1937). é ; 

100 Stein, J.-G., German 'P. 635,694, Oct. 4, 1936; Chem. Abs., 31, 805 (1937). 

101 Merory, J., Austrian P. 149,188, April 10, 1937; Chem. Abs., 31, 5507 (1937). a 

102 For the artificial aging of wines by ultraviolet light, note also Lord Investierungs-Korpora 
A. G., German P. 638,936, Nov. 25, 1936; 652,858, Nov. 10, 1937; French P. 807,371, Jan. 1¥ d 
Chem. Abs., 31, 3204, 5508 (1937); British P. 468,990, July 16, 1937. A series of sublethal expo 
at long intervals is used. i 2 : 

108 Philipsky, A. J. H., German P. 557,806, March 18, 1933; Chem. Abs., 27, 559, 4343 (1933; bsi26 62,0: G., and Snoke, H. R., J. Research Bureau of Standards, 16, 481 (1936); Chem. Abs. 
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roducts of chlorophyll and hemoglobin. Illustrative examples of the utility 

i rethod have been given by Fromherz.** 
pe 

© esting applications have been made of emission spectrography to the study 

eames sn an internal combustion engine, particularly when lead tetraethyl 

Bnet antiknocking agents are employed.!*4 nid 

4 orescence Analysis. In connection with various topics in the preced- 

pt ters note has been made of the use of fluorescence methods for various 

ie determinations. Many other applications of the use of fluorescence in 

y 4 ultraviolet light exist and the method has stimulated a very large number 

q ers far too great for discussion here. Since no photochemical reactions are 

‘ rily involved, it is unnecessary to devote space to the consideration of the - 

‘4 articularly since there exist books devoted to the subject.1?° Suffice it to 

IN Bit the method finds application in the study of documents {Gpeaee oF 

sis Eecation,-2°- It is also used for the detection of fraud in paintings,"** or of un 

q efcation of water marks in paper,!25 and for other purposes in criminology. 

% ds varied application in industrial chemistry.1%° For example, the fluorescence 

dass may be utilized in control of manutacture and in detection of the age and 

fon of glass.131 The so-called “natural” fluorescence has been stated to be 

ident upon. the physical nature of the glass as well as on its chemical proper- 

Also, the state of oxidation of the metal or other elements which give fluores- 

to the whole was said to be an important factor. In this instance, ultraviolet 

may serve as a method of control. } ee 

e characteristic fluorescence of glasses has been reported to furnish a method 

entification. This was said to be particularly useful in the case of high-priced 

ity glasses which sometimes are subject to fraudulent 1muitation. In some 

ices there may be introduced into the glass small proportions. of substances 

would render the glass highly fluorescent in ultraviolet light, without alter- 

he properties and appearance in visible light. It is interesting to note that 

srescence test may be employed to identify certain of the imitation glasses, 

as synthetic resins.132 paar : | 

Jn most of the methods proposed, the ultraviolet light source is used in.a dark 

in conjunction with a nickel oxide filter which transmits only the region 

tween 3000 and 4000A. Many substances irradiated by these wave-lengths, 

during exposure to 420 hours of variable sunlight. Bituminous coal-tar q 

less affected than were blown or high-vacuum Mexican asphalt bitumen Pite 

oxygen, the benzene-insoluble material of blown Mexican asphalt bitume a 
six times, although the sulfur content suffered but little change.114 1 Ine 

Ried and Rusleitner 11° find that the activity of natural or artificial] f 4 

can be modified by irradiations. ert 

The use of ultraviolet light to ionize air has been suggested as a we 
removing static electricity from air in which sprays cannot be avoideg Le 

also mentioned by Leboucher 1” for preventing the accumulation of cha ae 
manufacture of linoleum, celluloid, etc. Rathier *!® states that static ee. 
can be effectively discharged from rolls of paper 750 mm. long and 600 “a 

diameter by exposing the end of the roll for ten minutes at a meter froma 

cury arc. This short exposure does not affect the color of the papery 1 

ham 119 proposed to make the ionizing of air by ultraviolet light the bi 
method for partially separating the gases. 

Kogel 12° in making sound records, uses gelatin and a light-sensitive 
tanning compound. The records are fixed by exposure to light. 

Spectrographic Analysis. The applications of spectroscopy in indy. 
chemistry are so varied and the methods employing the emission spectra a 
substances (elements) sought are so intricate that a discussion is not possible 
limited space. It is proving of increasing importance in metallurgy, mining 
in many other fields. A number of books and review articles are available 121 
the 27 elements discovered since 1860, fifteen were discovered as a result of 9 
spectroscopy, four by x-ray spectroscopy, two by their radioactive pro E 
six by their chemical properties.1*? 

Analytical determinations can be made with great accuracy and a fey ; 
sandths of a milligram of metals are determinable. However, the accuracies 

from metal to metal and much experience is required for the effective hay 
of these methods. Histologists have adapted them to the determination of 
ments in definite portions of tissue sections, e.g., to the determination of cal 
in the various coats of the aorta. i 

Ultraviolet absorption spectra are being more and more widely employed 
in analysis and in the study of the constitution of organic compounds. The; 
larity of many types of absorption spectra is, however, such that the analy 
uses of the method are limited. It has been of particular importance in 
development of the knowledge of the constitution of vitamins, hormones, and de 
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a recording of the intensities of the fluorescence at various wave-lengths. 

sting to note that in a rather neglected paper, Desha1%* proposed a 

1S f quantitative analysis by comparative fluorescence (fluoremetry). 
nod ihe fuorescence of certain compounds changes with the pH of the solu- 
enc’ hich they are dissolved, they can be employed as fluorescent indicators 

n in W a conducted in the light of a Wood lamp.*#4 
Hira orescence methods also may be adapted to microscopic objects. A 

oe nce microscope was described by Haitinger and Reich.1% 186 

a i. heen proposed by Andant 1°” to utilize their Raman spectra in the identifi- 

me of the hydrocarbons present in gasolines. 
on 

either powder, dry or in solution, exhibit characteristic fluorescence eojg % 
in some cases, may serve for the identification of the substances. Althon: VI 
erals are well known to exhibit brilliant colors, it has been shown thal Fi 

samples of the same mineral may exhibit different colors, so that the ip, Vari 

of the method is receding. It is, however, of value in some cases in the Porta 
the conditions under which the mineral was originally deposited. Study 

The method is-not adapted to the identification of organic compounds : . 

tematic procedure. It has also been shown that.many compounds whi 

quinine, fluoresce brilliantly, owe this property to the presence of traces a 7 

unidentified impurities. Nevertheless, there are many instances in whl as 

method offers considerable aid in the rapid control of technical processes. ne 

stitativ 

4 i jntere 

| esha, meas. J. Am. Chem. Soc., 42, 1350 (1920); see also F. Bandow, Biochem. Z., 295,. 154 

138) + were, M., Documentation sci., 6, 114 (1937); Chem. Abs., 31, 6086 (1937); Tiba, 15, 349 

Ee om. Abs., 32, 1602 (1938). | 

Be acer M., and Reich, V., Chem. Fabrik, 529, 1929; Haitinger, M., ‘‘Fluorescenzmikroskopie. 

avvendung in der Histologie und Chemie.” Leipzig. Akad. Verlag. 
a d discussion of modern theories of fluorescence and phosphorescence, see Pringsheim, 4 taile r : 

Bey escenz und Phosphorescenz im Lichte der neueren Atomtheorie,” Berlin, J. Springer, 1929. 

Be Andant, A., Chimie et industrie, Special No. 480, June, 1933; Chem. Abs., 27, 5952 (1933). 
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Courtesy National Carbon Co., Ine. 

Ficure 131. Eveready Fluoray Apparatus. 

In Germany, there was introduced the Hanau “Quarzlampen fur Analyse” 

a source for this purpose. An apparatus which employs visible light, sunlis 

or daylight is the Callophane, merely a light-tight box for the specimen, whick 

illuminated by a filter of special glass on one side of the box and having provist 

for viewing the specimen under a black cloth thrown over the head of the observ 

Figure 131 shows the Eveready carbon are apparatus (Fluoray ) devised for 

purpose by the National Carbon Co. A 4-mm. Corning red-purple ultrafilter 

587 transmits chiefly the 3650A line. 9 

The method is extremely rapid, sensitive and does not alter the object mw 

gated. The personal equation of the observer enters into the color readings * 

considerable extent, but recently efforts have been made to adapt the method 1 
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Chapter 34 

Bae Photochemical Behavior of Compounds of 
a Biological Significance 

, understanding of the processes underlying the biological applications of 

fF olet light demands a knowledge of the photochemical behavior of the com- 

nds present in biological systems. Of the three chief classes of biochemical 
“pounds—Proteins, carbohydrates and lipids—the carbohydrates are discussed 

spapter 23. ‘The fats are discussed in Chapter 29. Other lipid reactions have 
, relatively little studied aside from the well-known conversion of the sterols 
» the D vitamins. Consideration of this process is deferred to Chapter 39. 

i 

LIPIps 

Lecithin solutions, aqueous or alcoholic, absorb radiations in the region of 

A. Kollath1 suggested that when skin is irradiated, its lecithin may be the 

of some physiologically active substances of which acrolein may be typical. 

ed this upon the observation that either a very dilute aqueous solution of 

sin or an irradiated aqueous emulsion of lecithin when added to ferrous salts 

‘them to aid the growth of the influenza bacillus. Kogel believes irradia- 

lecithin or choliné by sunlight or ultraviolet light to lessen their power of 

¢ a silver-metol acetic acid reagent.2 In the case of lecithin, the acidity 

es, because of the liberation of phosphoric and fatty acids, along with 

-ol and choline.? ! | 

Ithough Becking and Gregersen* believed the permeability of membranes 

from equal proportions of collodion and lecithins to be transitorily increased 

y illumination, Brooks *® considered that this is in need of further experimental 

The ability of cephalin to protect cholesterol sols from the coagulating action 

salts is destroyed by intensive ultraviolet irradiation.6 An irradiated 0.25 per 

cephalin sol does not flocculate gold sols, differing in this respect from 
iated proteins. Neither does it cause the hemolysis of red blood cells, an 
which has been observed in the case of irradiated lecithin sols by Fabre 

d Simonnet.? 

Bile acids no longer give the Nakagawa red reaction after ultraviolet irradia- 

1 ollath, W., Klin. Wochschr., 6, 13 (1927); Chem. Abs., 21, 2009 (1927); see also Spiegel- 

M., Biochem. J., 29, 2413 (1935). 

égel, G., Z. Krebsforsch., 46, 105 (1937); Chem. Abs., 31, 8670 (1937). 

Meoio, A., and Correa, L., Bol. inst. med. exptl. No. 42 (1936); Rev. sudamericana endocrinol. 
mmunol. quimiotherap., 20, 548; Chem. Abs., 32, 201 (1938). 

ae L., and Gregersen, M., Proc. Soc. Exptl. Biol. Med., 22, 130 (1924); Chem, Abs., 

of S. C., Science, 61, 214 (1925). See also Brauner, L., and Brauner, M., Protoplasma, 28, 

* Spiegel-Adolf, M., J. Am. Chem. Soc., 57, 1431 (1935). 

‘Fabre, R., and Simonnet, H., Bull. soc. chim. biol., 10, 1036 (1928); Chem. Abs., 24, 1126 (1930). 
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phate: ae _ B d Amoreux find tryptophane forms indole-3-acetic acid, detectable 

Sent, Such ment alo rites the eit of sim erate AM er es of sin of ge peter 
On irradiation, methyl cholate in chloroform becomes yellow, shows 4 4. | 4 Back. The change 1S retarded by acidification to ee Fi 

a deere : aromatic amino- acids, such as glycine, alanine, valine, leucine, an rotation, and yields on fractional crystallization, a B-ester of lower + 
higher melting point. A stereoisomeric change is believed to occur a 
dary hydroxyl group of ring III of the ester. Neither the free 

phe sd either do not show an increased rate of oxidation when irradiated, 
artic 4 tess readily. Lieben 18 found that sensitizers such as hematoporphyrin 
a, jf 

Otatio ' 
t the Se - 

: ; eee ACid op f ic amino- acids in the light of the 
sodium salt in water suffered the isomerization. The -ester differed frog Basse the oxygen asst a the es sone a te : oie 

original g-form in its greatly retarded Mylius reaction, its greater solubility “ey Jamp and even enab e them to : A ince aa, Ce ee ee 

its failure to be precipitated by digitonin. A further product of the irradi _ velocity of the oxidation is increased by a y j 

was a resin which on saponification yielded a yellow acid, Lana With a a 
S . py the addition of formaldehyde. When combined in proteins, the destruc- 

tion equivalent of 591.7, and probably a condensation product of cholic acid E n © ¢ these amino- acids by light is retarded. They are of particular interest 
> of their possible participation in the mechanism by which the pigment 

P wp A : = or a related substance, may be formed during tanning by sunlight. 
ROTEINS AND AMINO-ACIDS ) anin, 

‘now 22 finds irradiation to convert l-tyrosine into dopa (1-3,4-dihydroxy- 
The photochemistry of the proteins is best approached by considerin Be ianine), which itself can be destroyed by prolonged irradiation. An oxidase 

behavior of their degradation products, the amino- acids. The absorption of ul; P. Din skin cells (the melanoblasts) converts dopa into the tan pigment melanin. 

violet light by proteins is very largely due to their ring-containing amino. ag Phe absorption spectra of the aliphatic amino- acids have been interpreted as 
tryptophane, phenylalanine and tyrosine.12 These amino- acids exhibit select vc of a zwitterion structure +NH,CH,COO-.?° 

absorption between about 2400 and 2900A, the maximum being at about 27594) -_ ; ‘ nats 4 : 
least in the case of tryptophane.12 In connection with other inves tigations ail “The wave-length at which the continuous absorption of the glycine cation, 

] i d Onslow, Foster and Klingler * to afford berg and co-workers have given ultraviolet absorption curves for a number HCH,COOH begins has been considered by 
proteins, from which it can be readily shown that the selective absorption w 

° i i i iation into a hydrogen ion and the zwit- Be caesar tegen for, tp cipmoiation into a ydrouey Jon and she oni 
maximum at 2750 to 2800A depends in large part upon the content in the Prote: rion at 51813, corresponding to 146.86 and 146.63 kcal., respectively. The dis- 
of the amino- acids tryptophane and tyrosine. The influence of most of the rema| Bin frequency is regarded as the sum of the limiting eet ot Be ; eae 
ing amino- acids is evident chiefly in the absorption at wave-lengths of 23004 es for hydrogen and of a natural aes - Taarnie Ks ante fhe same TS 
less. Of recent years many papers,!4 on details of the absorption spectra of p ‘ter term varying in different amino- acids inversely as the sq 

teins have appeared.15 4 
Amino- Acids. Tryptophane and tyrosine are sensitive to irradiation w 

oe as ; : : ‘deck 
7 ‘cht of the zwitterion. In alkaline solution, the glycine cation exis 

lar CH.COONa. Dissociation occurs at a wave-number corresponding to 138.59. kcal. 
Nits : 2 

ultraviolet light, absorbing oxygen under its influence.This accounts for most 
the oxygen uptake by irradiated plasma, according to Harris.16 q 

gS first 

, -adiation with ultraviolet light causes polymerization. 

After irradiation by a mercury arc for fifteen hours, a 0.1N aqueous glycine 

olution increased in conductivity from 1.54<10-> to 71.20x10-. Its pH increased 

fom 48 to 7.45. These changes are due to the formation of ammonia as a result 

f hydrolysis ; : 
as 

a 

8 Mikami, H., J. Biochem. Japan, 14, 489 (1932); Chem. Abs., 26, 1968 (1932). 

® Ito, R., Folia Pharmacol. Japan., 12, No. 2, 131 (1931); Chem. Abs., 25, 5507 (1931). 

10 Uraki, Z., Z. physiol. Chem., 207, 16 (1932); Chem. Abs., 26, 3802 (1932). 
11 Phosphatides and other lipids are irradiated in a patent of ““Pharmagans” Farm. Ins. L. W. Ga: 

A. G., Kollath, W., and Magistris, H., British P. 311,436, Jan. 10, 1928; Chem. Abs., 24, 920 (193( 

12 Harris, F. I., and Hoyt, H. S., Pathology, 2, 245 (1919); Chem. Abs., 13, 2384 (1919). 

18 Holiday, E. R., Biochem. J., 30, 1795 (1936); Feraud, K., Dunn, M. S., and Kaplan, J., J. Bi 
Chem., 112, 323. (1935); 114, 665 (1936); Heidt, L. J., J. Biol. Chem., 115, 223 (1936). These refe 
ences give extensive citations to earlier work. j 

14 Shibata, Y., and Asahina, T., Bull. Chem. Soc. Japan, 1, 71 (1926); 2, 324 (1927); Grinbaum, | and Marchlewski, L., Bull. intern. acad. polon. sci., Classe sci. math. nat., A, 156 (1937); Chem. Al 
32, 1576 (1938). 

© Some of the more important are the following: Abderhalden, E., and Haas, R., Z. physiol. Chen 
155, 195 (1926); Gioh, G., and Weltner, M., Ibid., 198, 267 (1931); Vles, F., and Prager, M., Are 
Phys. Biol., 10, 5 (1932); Chem. Abs., 27, 5643 (1933); Roche, J., and Dubouloz, P., Compt. ren 
196, 646 (1933); Marchlewski, L., and Wierzuchowska, J., Bull. Acad. Polonaise, A, 471 (1928); Bi 
Chem. Abs., A, 459 (1929); Theorell, H., Biochem. Z., 268, 55 (1934); Giza, T., Bull. Intern. Ace 
Polonaise, A, 421 (1934); Chem. Abs., 29, 2977 (1935); Porcher, C., Volkringer, H., and Brigando, 
Lait, 14, 1041 (1934); Chem. Abs., 29, 3697 (1935); Hicks, C. S., and Holden, H. F., Australian 
Exp. Biol. Med. Sci., 12, 91 (1934); Chem. Abs., 29,.2556 (1935); Coulter, C. B., Kabat, E. Alam 
Stone, F. M., J. Bacteriol., 29, 54 (1935); J. Gen. Physiol., 19, 739 (1936); Grinstein, M., Rev. 
bacteriol. dept. nacl. hig. (Buenos share 7, 351 _ (1936); Mitra, B. N., Indian J. Med. Research, @ 
5 (1936); Almquist, H. J., Givens, J. W., and Klose, A., Ind. Eng. Chem., 26, 847 (1934); Gioh, | 
and Faltin, E., Z. physiol. Chem., 199, 13 (1931); Gioh, J., and Weltner, M., Biochem. Z., 273, 3 
(1934); Freudenberg, K., Discherl, W., and Eyer, H., Z. physiol. Chem., 187, 89 (1930); Vies, 4 
and Cohn, C., Arch. Phys. Biol., 5, 48 (1926); Chem. Abs., 21, 2997 (1927); DeBoer, J. H., Dipp 
C. J., and Custers, J. F. H., Rec. trav. chim., 52, 195 (1933); Smith, F. C., Proc. Roy. Soc., 10% 
198 (1929); Asahina, T., Bull. Chem. Soc. Japan, 4, 202 (1929); 5, 354 (1930). For a collection: 
over two hundred curves for the absorption of proteins, carbohydrates and fats, see Ellinger, ! 
Tabulae Biologicae, 12, 291 (1937). 

16 Harris, D. T., Biochem. J., 20, 288 (1926). 

NH.CH.COOH + H:.O ——~ OHCH:COOH + NHs 

Glycolic acid, but no acetic acid, was formed and the occurrence of side reac- 

tions was indicated by the evolution of a gas rich in carbon monoxide. The 

reaction was most rapid, according to Henri, Weismann and Hirschberg,?* at 

pH 3, declining with increasing pH to a minimum at pH 6 and then increasing 

slowly. Although the absorption begins at about 2400A, wave-lengths less than 

05A are required to produce the decomposition. The quanti yields are about 
seh gtea 

y 

than in alanine.23 

Berthelot, A., and Amoreux, G., Compt. rend., 206, 699 (1938). : 

#Lieben, F., Biochem. Z., 184, 453 (1927). 
*Arnow, L. E., J. Biol. Chem., 120, 151 (1937); J. Phys. Chem., 42, 415 (1938). 

, / Ley, H., and Zschacke, F. H., Ber., 57B, 1700 (1924); Leuthardt, F., and Pfister, M., Helv. 
Chim. Acta, 16, 228 (1933) : Ueda, H., J. Chem. Soc. Japan, 50, 502 (1929); Chem. Abs., 26, 91 (1932); 
Ley, H., and Arends, B., Ber., 61B, 212 (1928). 

“Onslow, G. A., Foster, M. L., and Klingler, C., J. Biol. Chem., 103, 81 (1933). 
= Henri, V., Weizmann, C., and Hirschberg, Y., Compt. rend., 198, 168 (1934); 199, 1205 (1935). 
* Weizmann, C., Hirschberg, Y., and Bergmann, E., J. Am. Chem. Soc., 60, 1799 (1938). 
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Aspartic acid also is hydrolyzed by ultraviolet light.** Irradiation of Le | 
acid produces a new absorption band at 2650A, according to Becke; 25 “ 

not observed in the case of either asparagine or malic or tartaric acids "i 

showed later that both /-aspartic acid and /J-asparagine yield aceta] deh R 

36 had not been able to identify the irradiation products chemically or 

Beacally after the irradiation of histidine, dry or in solution, but observed 

4 diated solution excites the intestine of a guinea pig. The extracts 

Be ct chloroform also lowered the blood pressure. Since the injection 

with the skin is known to lead to the production of an erythema, 

\ 

7 ag 

; oe er ee ; 36 _amine into : 

: sate ee BUOUDE acre ee) CER ne ae different y tam egested that the erythema of sunburn may be due to the production of a 
l-alanine. , i af 

7 ee , ' ie 1» substance from histidine in the upper layers of the epidermis. It 
The splitting of ammonia from amino- acids as a result of irradiatig nine-like mint” tances from even the 

been studied by Lieben and Urban;?7 only the g-amino- group unde; gossible to 9 eee cing cuacuchi cack car ona ieee more active 
reaction. It is greatest in histidine, 88 per cent, and next in cystine, 327 "i radiated § 5 , 

rradiated samples. 

maintains that imidazoleacetaldehyde is the material formed in the 

“rion of histidine. On the other hand, according to W rede and Holtz,*" the 
Bion of imidazolylethyl alcohol does not yield depressor substances. | 

Ine oxidation of cystine is not induced by irradiation, according to Harris,?§ 

aysteine takes up oxygen so rapidly in darkness that any acceleration produced 

jtraviolet light is negligible in comparison with that produced in the case 

Bfophiane or tyrosine, it be 
Fhe energy required for the dissociation of cystine in hydrochloric acid solu- 

s is, from the absorption spectrum, 70.8 kcal.89 Lieben and Molnar,*® find that, 
ough both cystine and cysteine do decompose under the quartz mercury arc, 
process proceeds much more slowly than in the case of the aromatic amino- 
1. In diffused daylight, the destruction of cystine occurs only in an alkaline 

m. Since cysteine oxidizes spontaneously in an alkaline solution, its behavior 
e studied in an acid medium and for this a photosensitizer, such as hemato- 

rin, is required in daylight. In the arc light, however, there is a slow 

position in the absence of a sensitizer. Szendro, Lambert and Wrede #4! 

, that I-cysteine is formed in 5-per cent yields when cystine is irradiated with 

traviolet light. 
Rao and Dhar *# studied the photo-oxidation of amino- acids in sunlight in the 
sence of stich sensitizers as titanium dioxide, zinc oxide and alumina. The 
oducts formed from the aliphatic representatives included aldehydes, carbon 

ide and ammonia. Monoaminodicarboxylic acids acted less readily than the 
onoaminomonocarboxylic acids. Anthranilic acid gave aniline and carbon diox- 
e. Ort has given some attention to the catalytic influence which amino- acids 
ay exert upon the oxidation of sugars irradiated in the presence of hydrogen 

eroxide.*? 

It is apparent from a consideration of the observations recorded in these para- 
taphs that, although a quartz mercury arc produces certain changes in amino- 
cids, the radiations available in sunlight or even from artificial sources under the 
isual conditions of their therapeutic applications, are incapable of affecting the 
amino-acids other than those which contain an aromatic, indole or imidazole ring. 

7 

those of 3 It is twice as great in lysine, 20.9 per cent, as in arginine, 9.4 per cent. Th. Eri 3° 
penaro decomposition of histidine, tyrosine, or tryptophane, as measured colorimetp 

did not agree with the amount of ammonia evolved, indicating the occyprey 
secondary reactions, as had been suggested by Weizmann in the case of oy 

Guanidine was resistant and did not evolve ammonia when irradiateg” 

amino- group in guanine or in anthranilic acid or benzidine is displaced a 
as when it is present in a side chain. _— 

Hippuric acid is very stable in sunlight.28 The irradiation of hydroxypy 
solutions by a quartz lamp produces two new absorption bands at 2570 and 31. 

the latter does not appear if the solid is irradiated.*® 

Ellinger 2° found that irradiation of a 1-per cent solution of histidine pf, 
chloride by a quartz mercury arc yields traces of a decomposition product dep 
pharmacologically by its histamine-like action. Histamine is the product 69 

decarboxylation of histidine. Photocatalysts did not accelerate the rate of the 
version, which, within certain limits, was unaffected by the pH of the solutic 
by the duration of the irradiation. Further application of radiations of the y 

lengths 2970 and 3020A caused a loss of the pharmacological activity of 

irradiated solutions. During the irradiation of histidine, changes in the ah, 

tion spectra, interpreted as indicative of the decarboxylation of histidine? 
observed. Becker,?* however, pointed out that the similarity of the absor 

spectra of histidine and of histamine is such that the optical method is uns 

for following the decarboxylation of histidine. Ellinger *? later admitted 

what he had regarded as the characteristic absorption of histidine hydrochle 
in the longer wave-length region of the ultraviolet had been due to the pres 
of traces of iron compounds as impurities. =, 

Nevertheless, renewed interest in the reaction was aroused by the demonstre 
by Holtz 34 that histamine is produced by the irradiation of a 1: 150 solutio 

histidine at pH 12 in the absence of oxygen. He was able to isolate 7 mg 

histamine, identified by melting point and analysis of the crystalline pictrate, ch 

aurate and chloroplatinate, from the products of irradiation of 1 gm. of histi 

as e 

24 Weizmann, C., Bergmann, E., and Hirschberg, Y., Ibid., 58, 1675 (1936). 

2 Becker, J. P., Strahlentherapie, 50, 357 (1934); Chem. Abs., 28, 5338 (1934). 

26 Becker, J. P., Strahlentherapie, 52, 531-537 (1935); Brit. Chem. Abs., A, 437 (1936). am 

27 Lieben, F., and Urban, F. F., Biochem. Z., 239, 250 (1931); Oesterr. Chem. Ztg., 31, 20 U 

28 Enselme, J., and Pozzi, M., Bull. soc. chim. biol., 17, 283 (1935). 

*” Becker, J. P., Strahlentherapie, 48, 296 (1933); Chem. Abs., 28, 1064 (1934). : 

30 Ellinger, F., Archiv exp. Path. Pharmakol., 136, 129 (1928). 
31 Ellinger; F., Biochem. Z., 215, 279 (1929). 

82 Becker, J. P., Arch. ges. Physiol (Pfliigers), 228, 751 (1931). 

33 Ellinger, F., Biochem. Z., 248, 437 (1932). 

84 Holtz, P., Klin. Wochschr., 12, 1613 (1933); Archiv exp. Path. Pharmakol., 175, 97 (1934). — 
“ 

*Ellinger, F., Archiv exp. Path. Pharmakol., 153, 120 (1930); Strahlentherapie, 38, 521 (1930); 
hem. Abs., 25, 526 (1931). 

© Szendré, P., Arch. ges. Physiol. (Pfliiger’s), 228, 743 (1931); Chem. Abs., 26, 1862 (1932). 

77 (15333 F., and Holtz, P., Arch. ges. Physiol. (Pfliiger’s), 234, 432 (1934); Chem. Abs., 28, 

Seetris, D, T., Biochem. J., 20, 288 (1926). 
Foster, M. L., Anslow, G. A., and Barnés, D., J. Biol. Chem. 89, 665 (1930); Barnés, D., 
8 Soc. Espan. Fis. Quim., 28, 1386 (1930); Chem. Abs., 25, 2366 (1931). 

e Lieben, F., and Molnar, E., Biochem. Z., 230, 347 (1931). 

ends, P., Lambert, V., and Wrede, F., Z. physiol. Chem., 222, 16 (1933). 

* Rao, G. G., and Dhar, N. R., J. Indian Chem. Soc., 11, 617 (1934); Chem. Abs., 29, 1326 (1935). 

Ort, J. M., J. Phys. Chem., 33, 825 (1929). 
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i i , an evolution of ‘ no- acids with li 

eles longer wave-lengt Rerhineaite
 and a shift of the ie Sufficien ation, put that the c

hanges were quantitatively less in the former case. How- 

+6 Csaba ical rota
tions of optically acti . 

“oD SPecty rar 2 jegel-Adolt found also, at least in the case of serum albumin,®? that the 

Ae *s ae but solutions of the sate - eptide
s are unaltered b a . a formed by irradiation differed from that formed by heat in not . being 

a AN Bente which soon reache ponding 2 dienes ts EXDogy om ved water-soluble by dilute alkali followed by dialysis. After irradiation in 

have sti ioxide can be detected afte Sa constant value. Traces eS Show 4 Presence of hydrochloric acid, serum albumin can be salted out, but this differs 

5 ea probably involves sa care
 in air, but not in i ammop “4 the behavior on heating in the presence of acid. In spite of these diffe

rences, 

The irra ra rotations,45 
ion. Solutions of silk pértenm “n, g . yn albumin heated 

or irradiated in the presence of sodium hydroxide shows the 

Tilevslaaet ation of a solution 
of Witte’ 

TES sho ef pehavior to Aeqibral saktse Des pseseney of larger concentrations of neutral 

ails to give the biuret reacti es peptone produces a skin 
a”. does 10t prevent the coagulation of serum albumin during ‘rradiation, but the 

action. ‘The tyrosine content i on the Surfae gM ace of multivalent 
sons does inhibit the precipitation. Potassium thiocyanate 

S Teduced, 3am - nhibit the irradiation coagulation and cannot bring the product into solu- 

heat coagulaton. not 1 that of histidi ine and there is no tryptopha 
d 

» as 4 A A in this respect 
content in this skin i 

ae 

pg may Crandon 
ed daw repisaprobablevté e

e amino -nitrogg 
4 differing 1 

n removal of the film € minimum amount of ski at the productj se Ow 

ept 7 Him, a new one 
of skin is fo 10n 9 Biiark ©° pointed out that only at pH values near 

P Benes casein or silk fail to i ea ari 
irradiation. ie

 pH 5. 4 lated by either light or heat. At other pH values, +t remains clear on irradi- 

easels r of Proteins on Irradiation.47 a similar manner.46 
S of th ion put has been altered by the proce

ss SO that it behaves toward electrolytes as a 

Sree n, ON exposure in a quartz teh In 1913, Bovie 48 reported tl q sjobulin- Other workers, notably Abderhalden, observed that a slight decrease 

fant J aeeee began to show a feat A at 10 cm. from a mercury a lat freg a pH occurs during the irradiation ot 
globulin and, in the presence of sodium 

ae nae ter 35 hours had become aia’ coagulum on the walls i" ¢ lamp g chloride, albumin solutions. The optical rotation also decreases, but the conduc- 

ce Bea When an aqueous solution y coagulated and possessed carest th gvity increases slightly. The imcrease in acidity was also observed by Mond,°* 

ae ve ation. The product formed was employed, less time w @ peculiar who found the visco
sity increased, and the surface tension decreased. The latter 

ae Ta not freed from annette tate to the bottom of the sabe Ua for ‘effect was Jess in the case of albumin than of globulin.” 

and Ae d After 
dialyzing away the ee 

more miele a Crys
tal j “Stedman and Mendel 5¢ extended the investigations to about twelve purified 

also ee inads coagulation even when os € protein was still more j " tres} "proteins. In general, there wa
s 4 lowering of the coagulation 

temperature, together 

Peer in quartz tubes. No coagul posed in glass tubes. Ox-s ae with the production of an odor and a yellow tint, and in some cases, atl increase 

en warmed a few de gulation occurred at zero, but i Ta athe specific rotation. These changes were independent of the presence of water, 

y ut it tha electrolytes and oxygen. In tests of some fourteen proteins, ‘t was found by 

| , 
k 57 that bacterial 

contamination of the solutions retarded 

ffect persisted even after the 
Adolf and Pollacz

e 

wiation during irr 

spontaneously 

58 found the pri 

anil grees it , 
quickly reduced, the solution again cant hp If the temperatur 

clear, . 
alters the protei 

ein at low tem peratures, but tha ’ t only 

} Spiegel- 

their coag It was suggested that lig 1 

infection had at higher temperatures doe 
there occur a second change : 

Many observations hav eon to the production of a visibl 

een -m 
e coa : 49 

i 

ade of the phenomenon. In nn . Rajewsky 
0: r 

i 

i. ~ ture, only the conglomeration 
© 

Uu 

g g 

mary photochemical ; : proces 
and agiees ions present s, to be dependent upon th 

e question has Fei f 

same as that of the n trequently raised a 
a : S00 

he found the mbdinilited tees by heat.
 Bovie ea cities mechanism is the 
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tion 1s inappreciable. Mirsky and Pauling ®! suggest that the prim 
process causes a break in the native protein molecule which iat , 
denaturation at a temperature lower than that otherwise required i 

Little is known as yet of the precise nature of this primar 2 
and Wels ®? noted during irradiation in the absence of oxyg eee 

SOrpg 
0 gue 

en the formation , 
substance with sulfhydril reactions which cannot, however, be separated froma 0 Oe Saat by ultrafiltration or by precipitating the protein with colloj 
hydroxide. Mirsky and Anson ®* observed that the number of sulfh 
in egg albumin coagulated by ultraviolet light is equivalent to th 
coagulated by typical denaturing agents.. : 

Other observations of chemical decompositions involved have been 
made. Hoffmeister ®* claims that after five hours of irradiation of s i 
and peptone, the values for acetaldehyde were as high as 68 and 108 a 
tively, as compared with 18 and 8 mg. in non-irradiated controls a 
suggested that formaldehyde or some similar substance is 

dal ¢ L 
Ci 

tan samp], 

? res Qe 

observed increased acidity. An alkaline reaction favors the: last ste 
to lessen the possibility of a reducing action by the aldehyde 

Gelatin and globin (and also the alkaloid caffeine | 
acid solutions, yield ammonia, according to Eckstein and Lieben.66 Th 
do not believe an increase in amino- nitrogen to be due to a eleaaa a. 
linkages, since peptides are not hydrolyzed under these conditions. 

may not be necessary to conclude th icin j 
: 

at -the or : 

heterocyclic rings. rigin is exclusivel 

Much attention has been d " 
. evoted to the changes wrough irradiation in th 

. i | geht by irradiation in the 

collodial behavior of the proteins. Mond ®8 believed that the stability of solutioll 
reased since their coagulation temperatures of serum globulin and fibrinogen are inc 

were raised. 

_ According to Cossu,°? non-irradiated samples of serum albumin show a mini q 
in the surface tension-pH curve at the isoelectric point, but after irradiati an 

is a maximum at the isoelectric point and another at a point on the “id a 

The protein is no longer stable at the isoelectric point as shown by the fact dil ’ E 
solutions are slightly turbid. 
: ne) aia films on irradiation dissolve completely in about tw 

ours. Mitchell ™ found that the phase-boundary potentials of egg albumin file 

increase when irradiated by the 2537A line. The solid film liquefies 

. Mirsky, A. E., and Pauling, L., Proc. Nat. Acad. Sci., 22, 439 (1936). 4 

Lampert, U., and Wels, P., Archiv exp. Path. Pharmakol., 175, 554 (1934). 

_ 8 Mirsky, A. E., and Anson, M. L. ; 

Jirovec, O., Biochem. Z., 295, 405 (1938). Gen. Physiol., 19, 427 (1936). 

64 Hoffmeister, A., Z. physiol. Chem., 205, 183 (1932) 

%® Howitt, F. O., Nature, 125, 412 (1930). 

66 Eckstein, H. C., and Lieben, F., Biochem. Z., 263, 366 (1933) 

8 Lieben, F., and Jesserer, H., Biochem. Z., 275, 367 (1935). 

See also Wenig, K., an 

Py 

f Mond, R., Archiv ges. Physiol. (Pfliiger’s), 196, 540 (1922); 200, 374 (1923); J. Chem. Soc., 123-4 
868 (1923). 

® Cossu, F., Bull. soc. ital. biol. sper., 10 . Cossu, F., Bull. soc. ital. biol. sper., 10, 973 (1935); 
WRideal; EB. i8:, Kolloid-Z.,; ti; 218 (1932). pipes nee Vera ek aie 

™ Mitchell, J. S., Proc. Roy. Soc., A155, 696 (1936). 

sional 
album; 

Howitt 5 47. 
a . i produced f a 

albumin, and that this, by reacting with amino- groups, might account egy 
Or 4 

Pp and te id 

), when irradiated in Weak 

bserver: 

yates ae 
fF ‘Ve 

exclude arginine as the source and believe that both the ammonia and the aa a ease 

je originate from the heterocyclic rings of histidine, proline ap. 

hydroxylproline. Lieben and Jesserer,7 however, admit that the peptide linkage 
in proteins may be less resistant than they are in peptones and peptides, so tha 

y the breaking ° 

It was sug: 

'h@ 
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certain CO—NH linkages in the main polypeptide film may be hydro- 

age is broken in stearic anilide to the extent 

but varying with the molec- 

hat 
{t could be shown that this link 

+ 95 per cent, the quantum yield being unity, 

orientation in a manner for which a theory was given. Mitchell called atten- 

P B the interesting possibilities offered in biological work by the fact that the 

emistry of monomolecular layers offers a means of studying the effects of 

jonal factors. 

the most carefully conducted and detailed studies of the changes occur- 

ns are those of Spiegel-Adolf.7? With Krumpel,7? she showed irradia- 

he ultraviolet absorption of solutions of electrolyte-free serum 

2675A, without affecting the location of the absorp- 

in was not necessarily present in order to produce 

ese changes. Pseudo-globulin and serum itself also exhibit an increase in absorp- 

jon when ‘rradiated in the presence of alkali, but euglobulin does not. Egg albu- 

fin pehaves as does serum albumin.74 If acid or alkali is added before the irradi- 

tion, the ‘ncrease in absorption increases with the concentration of the added acid 

The effects are much less marked when x-ray or radium irradiation 

d. However, in the presence of materials which under x-radiation 

js employe 
un 

{ x-rays are similar to those of 

Ayoresce in the ultraviolet region, the effects o 

aitraviolet rays. 

| Wels ™ found t 

jrradiation to be increased afte 

| 

5s! ed t 

¢ at leas 

potoch 
jentat 

Amons 1 
sng in protel 
Eto increase th 
Eeamin in the region 4000 to 

‘on maxima and minima. Oxyge 

he bluish fluorescence of serum euglobulin under ultraviolet 

r irradiation with unfiltered ultraviolet rays. 

 Spiegel-Adolt 76 found also that after removing ultraviolet-coagulated serum 

ejobulin from a dilute solution, the filtrate contained a substance, probably proteose 

‘n nature, which coagulates a sol of colloidal gold. When a concentrated solution 

of this substance is added to spinal fluid, the mixture simulates the fluid of cases 

of general paralysis in the diagnostic colloidal gold precipitation test. She also 

‘showed that, after irradiation, gelatin solutions lose their protective power for gold 

sols and tend instead to precipitate them.77 Arginine, histidine, lysin and choline 

flocculate colloidal gold only after irradiation, whereas elycine and the cyclic 

amino- acids do not acquire this property even after irradiation. The ability of 

“histamine solutions (0.00018 mg. per cc.) to precipitate gold sol is lost on irradia- 

‘tion, although not at the same rate at which the pharmacological properties of this 

compound are lost. Irradiation also destroys the protective power of thymonucleic 

acid which becomes, like cytosine and uracil, a gold sol precipitant. Exposures 

“up to six hours are required, however. 

It has been claimed that differences 

X 

between globulins and albumins exposed to 

‘ultraviolet light for varying periods, 45 minutes, 3 hours and 6 hours, can be 

demonstrated by the biological reaction of Abderhalden.78 The enzymes produced 

by an animal in the Abderhalden teaction after the injection of such products are 

claimed to be specific for the kind of protein and its exposure time. It also is 

claimed that irradiation increases the susceptibility of globulin but not of albumin 

_ to the action of gastric juice. 

r | 
; 

d 

Path., 12, 533 (1931). 
TaN summary is given in Arch. 

m. Z., 190, 28 (19 
ie Spiegel-Adolf, M., and Krumpel, O., Bioche 

_ Biochem. Z., 197, 197 (1928). 

7 Spiegel-Adolf, M., and Oshima, Z., Biochem. Z., 208, 32 (1929); compare Spiegel-Adolf, M., and 

Krumpel, O., Ibid., 45, for the effects of heat on absorption. 

% Wels, P., Arch. ges. Physiol. (Pfliiger’s), 219, 738 (1928). 

™ Spiegel-Adolf, M., Biochem. J., 28, 372 (1934). 

_ ™ Spiegel-Adolf, M., Biochem. J., 28, 1201 (1934). 

78 Abderhalden, E., and Buadze, S., Fermentforschung, 

27); Klin. Wochschr., 7, 1592 (1928); 

14, 295 (1934); Chem. Abs., 28, 6739 (1934). 
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Early work of Harris 79 indicated that ox i ; ; ygen is absorbed duri P 
tion of egg albumin, casein and edestin, but not of gelatin. At ‘i a tra 
the characteristic absorption maximum at 2800A disappears, at least m ‘ 
of egg albumin, according to Becker and Szendré.80 Hematoporphyrin a the 
es are the velocity of oxidation of plasma in light Thi u 
also, but to a lesser degree, of a number of d is. ry ora ae er of dyes, such as methylene blue and eg 

Wels demonstrated 8? that the irradiation of ege albumin in an 
nitrogen leads to the production of a substance which can be readi 
oxygen or by methylene blue. This converts the substance into an 

. assumed that a part of the sulfur of keratin is converted into sulfur ions under 

_;nfluence of light. On the other hand, Barritt and King 9° state that on expo- 

2 to ultraviolet radiations wool loses part of its sulfur as sulfur dioxide, which 

- be evolved, adsorbed or oxidized to sulfuric acid. From x-ray observations, 

nabury and Woods 9! state that irradiation of unstretched keratin by ultraviolet 

ryt or X-Tays causes intramolecular changes analogous to those due to the action 

? water on stretched keratin. Alice 

" Tt has been claimed that when gelatin is irradiated, it is altered in such a way 

Bio {essen its tendency to swell in water. The effect is said to be proportional 

© pe duration of illumination.22 The solubility of the swollen gelatin in water 
ly oxidize oxidant can: of oxidizin ; | | pe ' 

decreased ue Fest Sea ack ie the red dye, Rosindulin GG. Irradiation a - yeduced, and the irradiated solution has the property of reducing ammoniacal 

prevent the formation eit hig 4 aie Brg se decreases but does not enti, Bet nitrate solution, but the elementary analysis is unaffected. The presence 

Sh ene. Supstatice. wien. reduces. methylene ia ; n during the irradiation is not essential. The effects of irradiation may 
\ f 

irradiation in oxygen at higher tensions, the substance is produced only in the ~ 
dant form, capable of oxidizing the leuco-rosindulin but not of reducins a g 
blue. Wels concluded from these observations that irradiated skin = the 
of a substance analogous to the sulfhydryl compounds and which may olay 
in tissue respiration. The property of bleaching methylene blue not e “a 
protein irradiated in an oxygen stream may be acquired by keeping the Own 

for a few hours in contact with washed frog muscle or its dry powder ne 
muscle powder bleaches methylene blue very slowly; if it is irradiated in ‘ni “7 
and oxidized protein is added, the bleaching is accelerated four time ey 
irradiated protein does not act. : 

That the reduction-oxidation potential of solutions of egg and serum alb 4 

is reduced by coagulation either by heat or ultraviolet light has also been ob ocd 
by Nakamura.®* Kather ®> states that ultraviolet-irradiated egg albumin focal 
copper-complex which is five to ten times as active as that from the non-irradil 
protein in catalyzing the oxidation of unsaturated acids. an 

F ibrinogen is precipitated from its solutions by irradiations. Such irradiate 
solutions are no longer coagulated by the toxin of Crotalus terrificus.86 The acl 
of the ultraviolet light on this globulin is inhibited by the presence of he a 
porphyrin.87 . ne 

Dried hide powder, after several weeks of irradiation by a quartz mercury at 
either in air or in a quartz tube under nitrogen, acquires a bright canary yell 
color. Of the irradiated powder, 27.8 per cent dissolves in an equal weight 6 
water at room temperature. The capacity of hide powder to combine with her 
lock tannin at pH 3.8 is greatly reduced by the irradiation.88 

Keratin, as in unbleached horn, after ultraviolet irradiation, assumes in a lea 

nitrate solution a deeper color than that given by the non-irradiated sample. Woo 
shows a similar behavior. Thus only after irradiation do bleached horn ane 
bleached wool acquire the ability to form lead sulfide with solutions of lead salts. 

t oxy8© ; 4 

, jessened by careful purification of the gelatin, and it has been suggested that 

ensitizer found in the ash may be necessary for the process. Sheppard 

ad Houck °8 believe the underlying reaction to be of termolecular order. Accord- 

a to Ponthus % irradiation increases the electrical conductivity and decreases 

he optical density and viscosity of gelatin, but does not change its state of agere- 

ution. Duce finds the surface tension to be lowered and attributes this effect 

* 4 decrease in the hydration of the colloidal particles. 

 fnsulin is not resistant to ultraviolet rays in the presence of oxygen and it 

jnnot, therefore, be sterilized by them.%* Variations observed in the effect of 

hese radiations on commercial insulin preparations have been attributed to varia- 

ons in their content of phenol, which protects the preparation against their 

wction.2? According to Ellis and Newton,28 exposure of commercial insulin in 

jitrogen in a quartz tube for 19 to 48 hours destroys the active hypoglucemic sub- 

tance. Stbstances remain which, when injected, have the property of increasing 

the blood sugar level. Ozone and oxygen in sunlight destroyed the hypoglucemic 

sibstance in insulin solutions but did not develop the substances producing the 

increase in blood sugar in one hour.%? 

_ Freudenberg and Wegmann 1 find that the activity of irradiated insulin can be 

partly restored by oxidation by hydrogen peroxide in the presence of cysteine. 

Irradiated egg-white inactivates insulin in an atmosphere of nitrogen. The photo- 

chemically liberated sulfhydryl groups reduce the active disulfide form of insulin to 

the inactive sulfhydryl form.1°! The reducing properties may be developed in pro- 

fein even by therapeutic doses of irradiation.’ 

In the presence of qttinones as sensitizers, hemoglobin (and also chlorophyll) 

%Barritt, J., and King, A. T., J. Textile Inst., 20, 151T, 159 (1929); Brit. Chem, Abs., B, 846 

(1929). 

1 iron Ss 

Astbury, W. T., and Woods, H. J., Phil. Trans., 32, 333 (1933). 

© Brintzinger, H., and Maurer, K., Kolloid.-Z., 41, 46 (1927). 

8 Sheppard, S. E., and Houck, R. C., J. Phys. Chem., 36, 2885 (1932). 

 %Ponthus, P., Compt. rend., 196, 1248 (1933). 
 % Duce, W., Arch. ital. biol., 94, 34 (1935); Boll. soc. ital. biol. sper., 10, 978 (1935); Chem. Abs., 

30, 2454 (1936); Kronenberger, P., Boll. soc. ital. biol., 9, 1336 (1934). 

_ 6% Cazzini, U., Biochem. terap. sper., 16, 563 (1929); Chem. Abs., 24, 917 (1930); Den Hoed, D., 

De Jonch, S. E., and Peek, A., Biochem. Z., 205, 144 (1929). 

_ ™XKiistner, H., and Eissner, W., Klin. Wochschr., 11, 1668 (1932); Chem. Abs., 27, 779 (1933). 

8 Ellis, M. M., and Newton, E. B., Am. J. Physiol., 73, 530 (1925). , 

. ™ Keeser, E., [Arch. exp. Path. Pharmakol., 166, 624 (1932); Chem. Abs., 26, 5582 (1932)] believes 

itradiation with green or blue light to activate insulin, although red light partially destroys its activity. 

10 Freudenberg, K., and Wegmann, T., Z. physiol. Chem., 233, 159 (1935). 

101 Kather, E., Arch. exptl. Path. Pharmakol., 185, 323 (1937); Chem. Abs., 32, 6267 (1938). 

102 Kammerling, I., Arch. exptl. Path. Pharmakol., 186, 434 (1937); Chem. Abs., 32, 8448 (1938). 

7 Harris, D. T., Biochem. J., 20, 288 (1926). 

80 Becker, J. P., and Szendr6, P., Arch. ges. Physiol. (Pfliiger’s), 228, 755 (1931). 

81 Harris, D. T., Biochem. J., 20, 280 (1926). F 

82 Wels, P., Arch. exp. Path. Pharmakol., 171, 480 (1933); Chem. Abs., 27, 5344 (1933). 

88 Wels, P., and Hesse, R., Naturwiss., 22, 648 (1934). 4 

84 Nakamura, Y., J. Agr. Chem. Soc. Japan, 11, 1101 (1935); Brit. Chem. Abs.. A, 360 (1936). 4 
85 Kather, E., Arch. exp. Path. Pharmakol., 184, 645 (1937); Brit. Chem. Abs., A (III), 253 (1930). 
86 . ' * ot M., and Boshell, G., Arch. intern. physiol., 30, 244 (1928); Brit. Chem. Abs., A; 1024 

87 Howell, W. H., Arch. intern. physiol., 18, 269 (1921); Chem. Abs., 16, 935 (1922). 
88 Thomas, A, W., and Foster, S. B., J. Am. Leather Chem. Assoc., 20, 490 (1925). | 
8 Beutel, E., and Kutzelnigg, A., Monatsh., 64, 183 (1934). 
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absorb hydrogen under the influence of light.19% Oxidation occurs Subseqy E The destruction is greatest at pH 4.6 at which the enzyme also exhibits its 
turning the quinones (with the exception of juglone), brown. In sunlight h, } ays: yum activity. The destruction is least at pH 7.0 and 7.4.11! The rate is 

i globin is degraded into its decomposition products, the process being accelerat Ag a rated by the presence of iodides and inhibited by glycine and by starch, but 
the use of glutathione as sensitizer. Under these conditions, chlorophyll] . gcoel little affected by sugars or by change of temperature. In the presence of 

destroyed.4%* Lennox 19 states that in ultraviolet light, potassium iodide bu q Bsc, sunlight may have a slight effect... The inactivation of 0.1-per cent malt 
free iodine, accelerates the conversion of hemoglobin to methemoglobin. ‘Big 4 ce acting on l-per cent starch solution at varying pH values proceeds as a 

phyrin I, when irradiated in pyridine containing sodium ethylate, alters its 4 7 a oleculat reaction, although in the presence of 0.5 pes cent of starch only 
trum, a new absorption band appearing at 6360A, the red solution becoming bh a ater stages of the reaction are expressed by the unimolecular rate equation. 

and then green. Oxygen is necessary for the change to occur. The solutic 
contains etioglaucobilin and a red diketone of this substance, besides a mixture , 
dinuclear aldehydes, very similar to etioneoxanthomethenes. The first step ing 
photochemical oxidation is the addition of oxygen at several of the methine bridal 
of the porphyrin. The resulting peroxide isomerizes and the bridge breaks ¢ 
yield an isomer of glaucobilin, which rearranges. The other products resylt Sve 
other rearrangements of the peroxide. q 

fh. disagreement is still more marked in the presence of 0.25 per cent of starch. 

sn .2-pet cent solution of the enzyme gives complex results in the presence of 

Ber {-, 0.5- or 0.25-per cent starch solutions.1** . 
4 phosphate solutions (6M) protect malt diastase and the maltase of pancreatin 

om inactivation by ultraviolet rays, but less dilute solutions are less effective. 

x Jar results are given by acetate solutions of the same pH. In the presence 

. hosphate buffer, with or without the addition of sodium chloride, the pro- 

a 4 action is at a maximum at pH 6.64.13 Ammonium, potassium and lithium 

Forides potassium bromide and sodium fluoride protect Taka-diastase to varying 

Brees, the effects being more marked in dilute solutions of these salts than in 

a ore concentrated ones. Potassium and sodium nitrates and nitrites give similar 
| results but do not show the same varying effects at different temperatures. | 

- Liiers and Lorinser “* found the inactivation of malt amylase by ultraviolet 

rays followed neither the mono- nor bi-molecular reaction equations or the Schtitz 

ew. The temperature coefficient is 1.30 between 20 and 30°C. 

 Pincussen 145 believed also that in alkaline solutions, irradiation increases the 

action of salivary and Taka-diastases, pancreatic diastases showing a similar but 

very much less marked response, no 

During the progressive purification of diastase from the pancreas, the sensitivity 

toward ultraviolet rays progressively increases.11® Diastase which had been ren- 

dered almost inactive by irradiation could be partly reactivated by the addition of 

‘small quantities of non-irradiated diastase. Since this effect is not obtained in 

‘the case of heat inactivation, the mechanisms of the two modes of inactivation were 

thought different.117 NOE 

Although Kawakami 118 was unable to confirm the inactivation of Taka-diastase 

by ultraviolet rays, Thompson and Hussey 1° found the inactivation of amylase to 

follow a unimolecular course for 88 per cent of the process. Similar results were 

‘recorded for Taka-diastase in 0.1-per cent* solution by Yamashiki1°° The influ- 

‘ence of the voltage at which the mercury arc was operated upon the value of the 

“monomolecular rate constant was determined by Thompson and Tennant 1*1 for 

-pancreatin solutions. With 4 amperes and a potential of 79 volts, 0.02-per cent 

pancreatin solution at pH 6.7 gave a constant of 0.259. With 70 volts across the 

ENZYMES 

Since the activity of an enzyme depends, in general, upon the integrity of + 
colloidal protein component, the destruction of the activity of enzymes is intimateh 
bound up with the effects of ultraviolet upon the proteins. Since, however, thet 
may conceivably be various prosthetic groups in the enzyme molecule which ald 
condition its activity, the details of the destruction process may be expected to ya, 
from enzyme to enzyme. Therefore, although most enzymes which have been tegil 
have been found to be sensitive to ultraviolet rays, the behavior of each must } 
discussed separately. In many cases the activity of enzymes depends also upo 
the presence of specific coenzymes, and these also may be affected by radiations,10 

It has been claimed that certain monochromatic radiations in the visible ra 07 
increase the activity of catalase, pepsin, trypsin, and lipase. In no case was th 
enzyme activity depressed. a 

Application of ultraviolet rays may aid in determining the unitary or nop 
unitary nature of certain enzymes which have the property of acting upon mot 
than one substrate. If the activity toward each is destroyed at the same rate ot 
irradiation of the preparation it may be assumed that but one enzyme is involved 
according to Helferich and Brieger.1°9 In the emulsion of almonds, the activity 
toward phenol 6-d-glucoside and phenol-d-galactoside diminish at the same rate 
suggesting that both substrates are hydrolyzed by the same enzyme. The activit 
toward phenol -@-d-glucoside, however, diminished twice as rapidly as that towar 
phenol «-d-mannoside, suggesting that different enzymes affect these substrates. 

Diastase. The behavior of this enzyme has been extensively studied hj 
Pincussen. It is not destroyed by sunlight, but is inactivated by shorter ultraviole 

MP ecccen, 1., Biochem. Z., 134, 489 (1923); J. Soc. Chem. Ind., 424, 370 (1923). 
12 Pincussen, L., and DiRenzo, F., Biochem. Z., 144, 366 (1924). 

- 488 Pincussen, L., Biochem. Z., 144, 372 (1924); see also Terroine, E. F., and Bonnet, R., Bull. soc. 
chim. biol., 9, 982 (1927); Chem, Abs., 22, 1169 (1928). 
 4TLiiers, H., and Lorinser, P., Biochem. Z., 144, 212 (1924). 
4 Pincussen, L., Biochem. Z., 152, 406 (1924). 
46 Pincussen, L., Fermentforschung, 8, 181 (1925); Biochem. Z., 171, 1 (1926). Note also Kam- 

_ bayashi, Y., Biochem. Z., 203, 334 (1928). 
om Pincussen, L., and Oya, T., Biochem. Z., 207, 410 (1927). 

_ ™ Kawakami, T., J. Pharm. Soc. Japan, 49, 361 (1929); Chem. Abs., 23, 4238 (1928). 
_ ™Thompson, W. R., and Hussey, R., J. Gen. Physiol., 15, 9 (1931). 
_ “Yamashiki, H., Acta Schol. Med. Univ. Imp. Kyoto, 16, 365 (1934); Chem. Abs., 28, 4759 (1934). 
-“tThompson, W. R., and Tennant, R., J. Gen. Physiol., 18, 675 (1935). : 

103 See also Gouzon, B., Ann. hey Siok: physicochim. biol., 11,-388 (1935). 

104 Ko6gel, G., Strahlentherapie, 42, 379 (1931); Brit. Chem. Abs., A, 634 (1932). q 

105 ee F. G., Australian J. Exptl. Biol. Med. Sci., 13, 193 (1935); Brit. Chem. Abs., & 
92 (1936). ‘ 4 

106 Fischer, H., and Herrle, K., Z. physiol. Chem., 251, 85 (1938). | 
1o7 An early attempt to classify enzymes in accordance with their sensitivity to ultraviolet unde 

various conditions was made by Agulhon, H., Compt. rend., 153, 979 (1911). 7 

108 Keeser, E., Arch. exp. Path. Pharmakol., 164, 626 (1932); Chem. Abs., 26, 3269 (1932); note als 
cee Ei. we and Wasteneys, H., Australian J. Exp. Biol. Med. Sci., 9, 89 (1932); Chem. Abs., 4 
2164 (1933). 4 

109 Helferich, B., and Brieger, G., Z. physiol. Chem., 221, 94 (1933); Helferich, B., Rohr, H., ame 
Gunther, E., Ibid., 90. . 

10 Note also Hill, K., Ber. fiir Handlung. Sachs. Akad. Wiss. Leipzig, Math. Phys. Klasse, % 
115 (1934); Chem. Abs., 28, 5843 (1934). : 
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lamp it was reduced to 0.172 and with 80 volts it was raised to 0.302. 
tective action of added dog serum on the stability of the solutions 
accounted for by internal filtering without the necessity of assuming for t 
a specific negative catalytic action. 

Sensitizers like eosin, sodium anthraquinone disulfonate and sodium q 
anthracene disulfonate aid various photochemical processes but have only a depregs 
ing effect upon the inactivation of Taka-diastase by ultraviolet light. Potassingy 
ions increase the effects of light and decrease the rate of heat inactivation ; thal 
reverse is true of the calcium ion.122 | : a 

Diastase also may be protected from the action of ultraviolet light by the Dreg. 
ence of asparagine, anilinoacetic acid, ammonium citrate, gelatin or tyrosine, Prob. 
ably by internal filtering.123 

g Albers and Meyer 12° doubt the evidence of Gorbach that tryptophane is the 
ter of the enzyme activity, since, although tryptophane could be detected in the 
ca e preparations of this enzyme, its content was not proportional to the enzyme 
ity The observed increase in the absorption, particularly of the longer wave- 
ths, was attributed to.an aggregation of the colloidal carrier accompanied by an 
pie 
alt 

The pro, 
Could 4, 

he serugy 

‘Chlorgay ration or masking of the active groups.19 
“Ultraviolet light retards the action of phosphatase from tuberculous lymph 

glands of rabbits on calcium fructose mono- and sucrose-phosphate, but not on 

| {cium a-glycerophosphate. In the presence of eosin, sunlight also diminished 
activity of the phosphatase.11_ Collier and Wasteneys 18? find that plasma phos- 
vpatase may be destroyed by ultraviolet and by visible light. 

Lipase. There have been recent claims that monochromatic radiations of 
long wave-length stimulate the activity of lipase. This effect, at least that on the 

‘action of the lipase of autolyzed yeast on castor oil, is said to be decreased en 
fight of greater intensities is used.1°3 Ultraviolet rays, however, inactivate lipase.18 
| Similar observations have been recorded on the destruction of lipase in the blood 
serum of rabbits or guinea pigs. The proteins in the serum exert a protec 
action and the effects are greater when part of the protein content is removed. 

Irradiation of dry powdered seeds of Ricinus communis does not affect their 
lipase activity.136 . 

Proteinases. That pepsin solutions: can be inactivated by ultraviolet rays 
by a monomolecular reaction was observed by Hussey and Thompson and later 

~ confirmed by Gates.127 Northrop 138 found the loss of activity of his crystalline 
_ preparations caused by either ultraviolet rays or radium to be exactly proportional 
to the rate of loss of proteins by denaturation. This was evidence supporting the 
view that the enzyme is a crystalline protein and not merely some simpler sub- 

stance carried by the protein, or at any rate that the protein molecule is itself 

responsible for the enzyme activity of the preparation. The rate of inactivation 
yaried with the pH of the solution; it had its maximum value at pH 2. Uehara 
aces it at pH 1.4,189 

The preparations exhibit an absorption band between 2600 and 2900A. At low 
temperatures this may be resolved into a number of sharp narrow bands.'4° Gates 
found in a series of experiments with monochromatic ultraviolet light that the 
destruction of pepsin by different wave-lengths agrees in general with its absorption 
spectrum. Thus, by plotting the reciprocals of the energies required for various 
-wave-lengths to produce the same degree of inactivation there is obtained a curve, 

Hutchinson and Ashton™ found that full ultraviolet irradiation retards the ability 9 both salivary and malt diastases to produce dextrin and sugars from starch in an relation to the intensity of the light used. They report also that green light had what similar effect on salivary diastase, but that both salivary and malt Preparations were stimulated in their activity by either red-yellow or near ultraviolet light. Apparent differences of the rates of production of dextrins and of maltose by malt diastase during irradiation with various monochromatic radiations led them to suspect the Presence of different enzymes in the preparation. 

inverse 

a SOme. 

Tang and Sung !%5 find fully germinated malt unaffected by ultraviolet rays, 
although malt which had just begun to germinate lost its activity on irradiation 

Sucrase. Preparations of this enzyme exhibit an absorption band with its 
maximum at about 2700A, attributed to the presence of, tryptophane in the protein of the enzyme. Addition of this amino- acid protects 126 the enzyme from inactj_ vation by ultraviolet light. Yeast gums also present in the preparations have but very little absorption at 2700A. 

Although yeast autolyzates are almost uninjured by irradiation for two hours, sucrase preparations of a high degree of purity were inactivated within twenty to thirty minutes.127_ The pH had but slight effect on the course of inactivation, 
The curve was linear during the earlier part of the reaction, but fell off later, 
In the presence of molecular oxygen, there was an apparent activation during the 
first ten minutes of irradiation, this being ascribed to oxidation of inhibiting sub- 
stances assumed to be present in the preparations employed. No reactivation could 
be obtained by the addition of tryptophane or yeast gums. On the contrary, these 
additions, particularly the yeast gums, hasten the postinactivation which occurs on 
standing in preparations which have been previously irradiated for ten minutes,128 

Recently, the activating effects of very brief irradiation (3650 and 3660A), of: 
5 minutes for autolyzates or half that long for dialyzates, was again noted by Gor- 
bach with Ruess.129 The effect is observed after the irradiated solutions have stood — 
a short while, increasing to a maximum and then declining with time. Repeated 
short irradiations give greater activation than a single longer one. 

180 Albers, H., and Meyer, L., Z. physiol. Chem., 228, 122 (1934). 

, 1802 This, however, may be not necessarily the case since similar increases in absorption during brief 
irradiation periods have been observed in crystalline pepsin and uracil solutions where there is no pos- 
sibility of the presence of a carrier of high molecular weight. 

1 Horii, I., Arb. Inst. Univ. Kyoto, III C, 62, 1931; Brit. Chem. Abs., A, 874 (1932). 
1% Collier, H. B., and Wasteneys, H., Australian J. Exp. Biol. Med. Sci., 9, 89 (1932); Chem. Abs., 

27, 2164 (1933). 

#88 Murakami, R., J. Agr. Chem. Soc. Japan, 12, 709 (1936); Chem. Abs., 31, 1436 (1937). This author made similar observations on yeast amylase, proteinase and urease, J. Agr. Chem. Soc. Japan, 12, 175, 180 (1936); 12, 151; 13, 46 (1937). 
#4 Takayama, T., Bull. Agr. Chem. Soc. Japan, 5, 71 (1929); Chem. Abs.;' 25; 123. (1931): 
*5\Pincussen, L., and Hayashi, S., Biochem. Z., 195, 196 (1928). | 

Bios Cousin, E., and Creach, P., Bull. soc. pharm. Bordeaux, 75, 12 (1937); Chem. Abs., 31, 6681 oy). 

122 Kumanomidoh, S., with Pincussen, L., Biochem. Zi, 195, 79 (1928). 
78 Banerjee, S., and Sen, H. K., J. Indian Chem. Soc., 12, 379 (1935); Chem. Abs., 30, 113 (1936). 
124 Huchinson, A. H., and Ashton, M. R., Canadian J. Research, 9, 49 (1933); Chem. Abs., 27, 4 5353, (1933). 

1 ‘Tang, T.-H.; and Sung, T.-T., J. Chinese Chem. Soc., 5, 174 (1937); Chem. Abs., 31, 6405 (1937). 
126 Gorbach, G., and Lerch, K., Biochem. Z., 219, 122 (1930); Chem. Abs., 24, 2769 (1930); Biochem. Z., 235, 259 (1931); Chem. Abs., 25, 4565 (1931). 

; 127 Gorbach, G., and Pick, H., Monatsh., 61, 29 (1932); Chem. Abs., 27, 110 (1933). 
128 Gorbach, G., and Kimovec, D., Monatsh., 61, 39 (1932); Chem. Abs., 27, 110 (1933). 129 Gorbach, G., with Ruess, H., Biochem. Z., 271, 338 (1934); Chem. Abs., 29, 2186 (1935); Bio-~ chem, Z., 280, 213 (1935); Chem. Abs., 30, 120 (1936). 

7 Gates, F. L., J. Gen. Physiol., 17, 797 (1933-4); 18, 265 (1934). 
#8 Northrop, J. H., J. Gen. Physiol., 17, 359 (1934). 
7° Pincussen, L., and Uehara, K., Biochem. Z., 195, 87 (1928). 
ee G. I., Northrop, J. H., and Taylor, H. S., J. Am. Chem. Soc., 55, 3497 (1933); 57, 874 
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u.7ymes Concerned with Respiration. Ito 44 noted that catalase has two 
- ee bands at 4060 and 2660A, the first corresponding to the absorption band 
psorP a Quite different was the earlier statement by Kuhn, Hand and Florkin 155 
ee ‘absorption spectrum of catalase shows three bands at 6290, 5400 and 
at 4 in contrast to the continuous visible absorption of peroxidase. Zeile and 
4 en 156 also gave absorption spectral evidence that liver catalase contained 
Hells hyrin iron complex, the carrier of the catalase function. 
Lf Blo od catalase is more readily destroyed in dilute than in stronger solutions, and 
; q most rapidly at pH 6.81, the optimum for its activity.°? The addition of salts 

the rected the catalase from the action of light. In the case of potassium. iodide, the 
e° Its were complicated by the action of the iodine liberated by the light. Mor- 
. and Schumacher 1°§ found that the process proceeds at a uniform rate at 

“6.28. At more acid or alkaline reactions, the initial rate of inactivation. dimin- 
hes considerably with the lapse of time. At pH 11, this effect is so marked that 
4 e enzyme may be said to be actually stabilized against the radiations. 

y Spectrographic determinations have been used in an original manner.by Stern 19 
4 following the formation of intermediate compounds during the action of this 
3 nzyme. He noted that purified catalase solutions show, in addition to. the hematin 

absorption in the visible regions, ultraviolet bands due to the protein carrier. 
“These varied with the source from which the catalase had been prepared. Irradia- 
tion from a mercury lamp inactivated. the enzyme and changed its fluorescence 
fromm yellow-green to blue-green. » This effect did not occur if a nickel oxide filter 

was interposed. ? | 
Califano 1°° believed that by irradiation with blue mercury lines 4050 to 4360A, 

ie intensity of catalase activity is decreased. There is little action by 4920A and 
none by 5460 and 5780A. The compound of catalase and carbon monoxide is 
decomposed by the 4050A line and less so by that at 4920A. 
Ultraviolet irradiation of yeast cells has been claimed to increase their catalase 

activity several times.1®! After 16 to 18 hours it increases 300 per cent in 

Saccharomyces ellipsoideus, 1000 per cent in Torula rosa and 2500 per cent in 
Torula colliculosa. However, there was only a slight increase in the case of silk- 

worm eggs.16? : | 
_ Green-colored rice may be decolorized by sunlight, but not by ultraviolet rays. 
During this process, the catalase and peroxidase activities decreased remarkably, 
put this also did not occur when ultraviolet rays were used.163 
From absorption data, Kuhn, Hand and Florkin 164 believed it probable that 
the active group in peroxidase is an iron porphyrin compound. The absorption | 

the destruction spectrum, which is similar in form and location to the ahg 
spectrum. During the process of irradiation, an increase in absorption o¢ 
wave-lengths other than that of the maximum absorption. Thus the minimypy 

the absorption spectrum at about 2500A was gradually lost and the long wal 

length leg of the absorption curve also showed a very considerable increage ; 

absorption.’*1 A protective action by proteins also has been observed in the oa. 
of this enzyme by Banerjee and Sen.142 — 

Trypsin also is inactivated by ultraviolet but not by visible rays. The 
is maximal in the absence of iodides -of the alkalies or alkaline earths.143 

The eosin-sensitized photochemical destruction of rennet by visible light follow 
a unimolecular course, the rate constant being independent of the time of irradia 
tion until 60 per cent of the enzyme has weakened. Its value increases with th 
concentration of the enzyme and is proportional to the intensity of illumination 14 

Purified tyrosinase can be injured by itradiation, according to Pincussen a 
Hammerich.14#° It is suggested that this may in some manner be concerned wit 
the formation of melanins from tyrosine or related substances in irradiated skit 
Alverdes 146 believed that yellow rays promote the activity of the tyrosinase of the 
larvae of Cyclops viridis. q 

The destruction and absorption spectra of urease in the ultraviolet region ar 
believed coincident by Kubowitz and Haas.147 According to Pincussen and Kato 
sunlight acting on urease solutions at pH 6.4 diminished the activity both of th 
active constituents and of a so-called “stable Component-X.” Potassium hydroge 
phosphate at pH 5.6 affords partial protection to the active component, but even § 
darkness the activity of the other constituents is decreased by phosphate. Ultra 
violet irradiation destroys the active enzyme both in the presence and absence 0 
phosphate, but does not have such a marked effect as sunlight in inhibiting Com 
ponent X. Collier and Wasteneys 149 found that impure urease may be destroye 
not only by ultraviolet but also by infrared rays. The quantity of ammonia pro 
duced by soy urease is said, however, to increase with the intensity of monochro 
matic light of various wave-lengths tested by Murakami.15° Crystalline urease j 
rapidly destroyed by ultraviolet irradiation and cannot be reactivated by reducing 
agents or tissue extracts. Irradiated urease produces no antiurease when injectec 
into animals.151 } } 

Ultraviolet rays decrease the activity of animal rennet, although they have n 
effect on the rennet derived from plants, such as thistle blossoms.152 Ultraviolet 
light destroys thrombin, but prothrombin is more resistant, according to Cekada.™ 

OtDtig 
Curg. 

a 

Chey 
i 

ot 1 

i 

141 Note also Collier, H. B., and Wasteneys, H., Australian J. Exp. Biol. Med. Sci., 9; 89 (1932); 
Chem. Abs., 27, 2164 (1933). . 

142 Banerjee, S., and Sen, H. K., J. Indian Chem. Soc., 12, 740 (1935); Chem. Abs., 30, 2581 (1936) 

748 Pincussen, L., and Klissiunis, N., Biochem. Z., 152, 416 (1924); Pace, J., Ibid., 240, 490 (1931) 
144 Schmidt-Nielsen, S., and Fjermeros, E., Compt. rend. trav. lab. Carlsberg, Sér. chim., 22, 473 

(1938); Chem. Abs., 32, 6266 (1938). j 

145 Pincussen, L., and Hammerich, T., Biochem. Zi Beh OL OALIS Ne 
146 Alverdes, F., Archiv Entwickl. Organ., 47, 375 (1921). 

147 Kubowitz, F., and Haas, E., Biochem. Z., 257; Sar C1853): 
148 Pincussen, L., and Kato, N., Biochem. Z.., 142, 228 (1923). 

| q 
we Collier, H. B., and Wasteneys, H., Australian J. Exp. Biol. Med. Sci., 9, 89 (1932); Chem. Abs 

27, 2164 (1933). | q 
150 Murakami, R. J., Agr. Chem. Soe Japan, 13, 439 (1937); Chem. Abs., 32, 1723 (1938). q 
tbl Pillemer, L., Ecker, E. E., Myers,:V. C., and Muntwyler, E., J. Biol. Chem., 123, 365 (1938). { 
152 Christen,» C., and Virasoro, E., Lait, 15, 354, 496 (1935); Chem. Abs., 29, 5134 (1935). 4 
153 Cekada, -E. B., Am. J. Physiol., 78, 512 (1926): For the behavior of baicalinase, see Miwa, 1: Acta Physicochim., 9, 89 (1936); Chem. Abs., 30, 8272 (1936), and for B-glucuronosidase, Oshima, J. Biochem. (Japan), 23, 305 (1936); Chem. Abs., 30, 4882 (1936). : 

_ Ito, R., J. Biochem., Japan, 22, 139 (1935); Chem: Abs., 29, 8025 (1935). 

Kuhn, R., Hand, D. B., and Florkin, M., Z. physiol. Chem., 201, 255 (1931). 
__ 6 Zeile, K., and Hellstrém, H., Z. physiol. Chem., 192, 171 (1930). See also Stern, K. G., J. Biol. 

> Chem., 121, 561 (1937). 

#7 Pincussen, L., and Seligsohn, F., Biochem. Z., 168, 457 (1926). 
48 Morgulis, S., and Schumacher, L., J. Biochem., 86, 75 (1930). 
ass K. G., Nature, 136, 335 (1935); 136, 302 (1935); Z. physiol. Chem., 212, 207 (1932); 219, 

Califano, L., Naturwiss., 22, 249 (1934); Chem. Abs., 28, 5478 (1934). 
_,, van Euler, H., and Giinther, G., Z. physiol. Chem. 220, 69 (1933);. Chem. Abs., 27, 5343: (1933). Variations in intensity are believed more significant than variations in wave-length by Murakami, R., J. Agr. Chem. Soc. Japan, 13, 429, 435 (1937); Chem. Abs., 32, 1723 (1938). 

@Yamafuji, K., Enzymologia, 1, 120 (1936); 2, 147 (1937); Chem. Abs., 30, 7600 (1936); 32, 
7101 (1938). Similar observations on Spirogyra were recorded by Burge, W. E., and Burge, E Bot. Gaz., 77, 220 (1924). 

*% Kondo, M., and Okamura, gl area Sci. Agr. Soc. Japan, No. 327, 67 (1931); Chem. Abs., 25. 3689 (1931). 
™ Kuhn, R., Hand, D. B., and Florkin, M., Z. physiol. Chem., 201, 255 (1931). 
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appeared to be continuous and located in the visible region. Peroxidase inhib 
Wite ‘by carbon monoxide could not be reactivated by light. According to Pine cozymase concentration.174 Cozymase differs from the coenzyme of the 

Usgg creas} © iehydrogenase in that the former but not the latter can be destroyed in 
and Hammerich 15 this enzyme is destroyed also by the rays of the quart, _ farbure | 

cury arc, the loss of activity being almost proportional to the light intensit ‘1 4ytions 25 concentrated as one mg. per Cc. oan 

from the fact that the greatest destruction occurs in acid solution thell Asi p nghagen 175 finds the dehydrogenases of pyruvic and glycerophosphoric acids 

relatively little influence upon the process. oa ha a rapidly destroyed by ultraviolet light. In the range between pH 6 and 8, 

An enzyme of the liver which oxidizes ethyl alcohol i : : j eve drogenase is also injured by ultraviolet light, but the destruction is not 
s also t | | _nodehydrogs : nt, 

: inactivated by fp ra -. acid solutions.17 Exposure to ordinary light for an hour also causes 
violet light.t6° Keilin 167 believes the indophenol oxidase system of ye 
which has been impaired by combination with carbon monoxide may be 
ated by the dissociating action of light. 

The xanthine oxidase obtainable from milk may be inactivated by sun { 
ultraviolet light or radium, according to Toyama.168 Its absorption band he n 
maximum at 2790A; this is shifted toward great : a7 Somer greater wave-lengths in an alkalin 

The action of a specific dehydrogenase in decolorizing methylene blue : th 

rapid in | : ve 
) rap! exposure for only half an hour merely stimulates the activity of the ast cel 

“a yury, but 

177 made extensive use of irradiation and spectrographic methods in pey™e: 
— Warburs © ie : 
a investigations of his new hemin-containing respiratory enzyme. 

Brie found its compound with carbon monoxide to be dissociable by light; and, by 
ccuitative determinations of the intensities of various wave-lengths required to produce 

juan ount of destruction, determined the absorption spectrum of the carbon monoxide 
* am =e . ° ay 

a le d of the enzyme.™ Irradiation of yeast cells with equal intensities of mono- 
presence of alcohol as the hydrogen d : wee 

accelerated by irradiation he fF : heilae ay i Netuared Thunberg tube may be a ie tic light of various wave-lengths caused an increase in the rate of respiration of 

quartz mercury lamp. According to von Eule E Pails. By plotting this effect against the wave-lengths, he obtained a curve of the 

; ne of light by the hemin of the enzyme. The spectrum of the respiratory 
and Klussmann,1™ this is not due to a rise in temperature, to a photochem;.. 
action on the dye alone, or to photodxidation of the yeast extract. The ofall 
absent if a succino-dehydrogenase or liver extract system is used, but the affect ’ 
observed when apozymase and cozymase are used instead of yeast. Tenet Euler a 
strom and Brandt?” believe that the reduction of methylene blue in a deh a a 
alcohol system is accelerated by red light. A photoreduction of methylene blae ta 
wise takes place in the absence of enzymes in the presence of alcohol as the hydr ‘a 
donor. The number of reduced dye molecules varied from one to 6000 a oni . 
35 quanta under various conditions with red and with ultraviolet light. At Hs 4 
eta is one hundred times as fast as at pH 7. The reduction is aceal 
cos ceo ions. The irradiated dye fluoresces ; z single band appears at 678 

The dehydrogenase of beef liver represents a complex system in which, beside 
glucose and the enzyme itself, there are also present a coenzyme and 3 flavil 
enzyme. Adler and von Euler 17° found that green and blue light did not affec 
the reaction velocity, but a red filter (675 to 645 mp), which corresponds to ¢ : 
absorption maximum of methylene blue, was effective in activating the syste 
This means that the photoactivation occurs upon the dye. Illumination of the co a 
plete system with visible light doubles the reaction velocity. In the absence of 
flavin, the reaction proceeds normally if light is supplied, so that the flavin does 
not participate in the light activity. Inhibition by copper occurs in light or dar 4 

ness and in the presence or absence of flavin, so that it must represent a dired 
effect upon the dehydrogenating enzyme. That cozymase is an indispensable co 1 

ponent of the system shows it to be functionally interdependent with dehydrogenase. 

When a constant light intensity is used, the speed of inactivation decreases with 

hsorption tee Pea es : : 
Dc so obtained is similar in shape to the absorption curve of the carbon monoxide 

eo ound of reduced hemin. The maximum of the latter curve is, however, at 408 mu, 

. ¢ the respiratory enzyme is at 436 mH. This discrepancy is accounted for by 
and that 0 ea 
and Secamption that the respiratory enzyme exists in the solid state adsorbed on the 

surface of the cells. oe 
mes 

In the course of these investigations the absorption spectra of carbon monoxide, iron 

carbonyl, pyridine-hemin, and the compound of carbon monoxide and ferrocysteine were 

examined. These comparative absorption spectra show not merely that the iron carbonyl 

sroup is a part of the respiratory enzyme but also that it is attached to” a hemin-like 

© olecule. The absorption curve for the carbon monoxide-ferrocysteine compound is. 

‘quite different.” Warburg, Negelein and Christian - found carbon monoxide-hemoglobin 

#9 carbylamine solutions to be the most light-sensitive carbon monoxide-iron-porphyrin 

compound then known. 
a | 

Tn tissue sections, a blue fluorescence in Wood’s light due to proteins gives way on 

continued irradiation to a red fluorescence characteristic of free porphyrin liberated from 

any complexes present by photolysis." 

A respiratory enzyme derived from the retina has an absorption spectrum identical 

with that of the enzyme derived from yeast.® The respiratory enzyme differs from 

cytochrome. A new yellow oxidation enzyme is also obtainable from bottom yeast. 

Ts absorption spectrum has three bands, two of which, at 465 and 495 mu, are in the 

Jong wave-length range." The enzyme has an active group, a reversible yellow pigment, 

ound to a colloidal protein carrier. The active group can be split from the protein by 

aqueous methanol. It fluoresces green and is catalytically inactive, but the light absorp- 

tion in the visible range is almost unchanged. It has two bands in the ultraviolet at 

2700 and 3500A, and also one at 4450A.%° When irradiated in dilute alkaline solution, 

_ 4 yon Euler, H., and Schlenk, Arkiv Kemi, Mineral Geol., 12B, No. 19 (1936). 

“I%5Junghagen, S., Skand. Arch. Physiol., 54, 115 (1928); Chem. Abs., 22, 4549 (1928). 

» * Pincussen, L., and Roman, W., Biochem. 2; 229; 281 €1930), 

_ WWarburg, O., Naturwiss., 16, 345 (1928); Warburg, O., and Negelein, E., Naturwiss., 16, 856 

(1928) ; Biochem. Z., 202, 202 (1928). 

al Warburg, O., and Negelein, E., Biochem. Z., 214, 64 (1929). 

Cf. also Cremer, W., Biochem. Z., 194, 231 (1928); Krebs, H. A., Ibid., 193, 347 (1928). For 

‘the splitting by light of the carbon monoxide-ferroglutathione compound, see Kubowitz, F., Biochem. 

Z., 282, 277 (1934). 
ol Warburg, O., Negelein, E., and Christian, W., Biochem. Z, 214, 26 (1929). 
~4%1Thomas, J., Compt. rend. soc. biol., 125, 386 (1937); Chem. Abs., 31, 6681 (1937). 

8? Warburg, O., and Negelein, E., Biochem. Z., 214, 101 (1929). 

| a Warburg, O., and Christian, W., Biochem. Z., 254, 438 (1932). 

Warburg, O., and Christian, W., Naturwiss., 20, 980 (1932); Kubowitz, F., and Haas, E., Bio- 
hf Z., 255, 247 (1932). 

* Biochem. Z., 258, 496 (1933); 263, 228 (1933); 266, 377 (1933). 

165 Pincussen, L., and Hammerich, T., Biochem. Z., 241, 384 (1931). 

166 Mizusawa, H., J. Biochem. Japan, 18, 243 (1933); Chem. Abs., 28, 794 (1934) 

167 Keilin, D., Nature, 119, 670 (1927). 

168 Toyama, J., Hukuoka-Ikwadat Gaku-Zasshi, 26, 1483 (1933); Ch » , : em. Abs., 28, 7279 (1936). 

169 Tto, R., J. Biochem. Japan, 22, 139 (1935); Chem. Abs., 29, 8025 (1935). ’ 
170 Krestownikoff, A. N., Skand. Arch. Physiol., 52, 199 (1927); Brit. Chem. Abs., A, 445 (1928, 

171 yon Euler, H., and Kl ; ; ; . aa 
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the active component, after acidification, becomes soluble in chloroform. ], ,._ 
crystalline derivative, CisHi2N.Os, from which it is possible to obtain urea and ld 
pound, CsHioNzOz.*° Theorell *? has recently found the yellow coenzyme. portion ‘ 
after separation from the protein to consist of a flavine esterified with phosphoxs 
and therefore related to the vitamin Bs of the German workers. ‘"e a 

Bénard, Biancani, and Biancani™ observed that ultraviolet light dissociates the q 
pound of carbon monoxide with hemoglobin. a 

. a decomposition products.197 It was claimed by Terata and Ito 198 that adrena- 
je sins in potency (depression of intestinal motility, stimulation ot uterus and 

vl nstrictor action) after ultraviolet irradiation or after artificial light treat- 

por? Ten “sunlight units,’ however, decreased its: action. Verda, Kneer and 
ent 99 find 1: 15,000 solutions to lose their pressor effect after quartz lamp 
ure® ent. Haddock 200 states that the effects are not marked and involve mainly 

feat ization and slight oxidation. Ewing! finds the physiological activity of Balin solutions to be completely destroyed by exposure to ultraviolet light. 
a decomposition products, which have no pressor action, are similar to those 
med py the action of hydrogen peroxide. The activity of solutions of synephrine 
tt and of p-hydroxyphenylpropanolamine is markedly increased by moderate, but 
Btoyed by excessive, irradiation. The activity of solutions of synephrine base 

“ot changed by irradiation.°” 
 prolan is inactivated by ultraviolet rays. Zondek and vou Eater 4? believed 

F thermal stability so similar to the ultraviolet stability as to support the view 

tat prolan is a catalyst of enzymic nature. The absorption maximum for follicular 
sor monies lies at 2800 to 2850A.29* Concentrates of the oxytocic hormone of the 
seyitary glands are inactivated by ultraviolet rays.2°® The same is true of the 

Hormones of the ovarian follicles and placenta, the destruction probably being by 

yxidation.”°° Wii 
The Schering-Kahlbaum Co.7°7 propose the ultraviolet irradiation of extracts 
of germinal gland hormones. 
~ When human thyroid gland pulp is subjected to ultraviolet irradiation, iodine 
es separate to the extent of 0.5 to 2.7 per cent of the total iodine content.?°® 

tra and Hunter2°9 exposed finely hashed non-goitrogenic cabbage in thin layers 

50 cm. from a mercury-vapor lamp for thirty to 120 minutes. Rabbits fed 

sively on this cabbage for twelve weeks did not develop goitre. 

Secretin is quickly inactivated by ultraviolet irradiation. The absorption of 

jtraviolet light is thereby increased, probably because of the absorption of alde- 

des formed by an extensive decomposition of the molecule. All the nitrogen 1s 

: ei a, : 7 : : as ammonia.219 Although secretin is destroyed, the villikinin in extracts 

283 . nel ip Met ts independent of mgs PEL, bub.tn pure, soluLians, Ot the hydrochlori fhe Picstinal mucosa ane + this favors he iitiepentdeits nature of these 
an increase in rate with increase in pH can be observed. The intensity of t i aces,211 | 
photooxidation depends on the intensity and wave-lengths of the light employe s | ' 
irradiation with ultraviolet light alone is said to cause less change than when bot “38 Terata, B., and Ito, R., Folia Pharmacol. Japon., 12, No. 1, 74; No. 2, 125 (1931); Chem. Abs., 

visible and invisible rays are used.196 . 
5, 3127, 5708 (1931); Manshu Igaku Zasshi, 26, 619, 863 (1937); Chem. Abs., 32, 8453 (1938). 

: . : ; : - . ® Verda, D. J., Kneer, L., and Burge, W. E., J. Pharmacol., 42, 383 (1931); Chem. AbS.; '29, 5955 

Ephedrine solutions are unstable in sunlight, benzalephedrine being one of fh 

fi 

Warburg and Christian 18° find that the irradiation of one microgran 
hydrogen-transferring coenzyme in 1 cc. of water with a quartz lamp destroyg 
catalytic activity in fifteen minutes. In a glass tube or with a solution a thouel 
times as concentrated, there is no measurable destruction in this time. The te 
required for the half destruction by an intensity of one calorie per square a 
per minute (calculated from data obtained at other intensities) increases . 

the wave-length. It is 520 times as large at 2830A as at 1860A. From an anal y 
of the data, the conclusion is drawn that not all of the light absorbed, but only ¢p 
absorbed by a special group in the coenzyme, brings about its destruction, 

The work on the relation of ultraviolet light to the respiratory enzymes 1 
been extensively reviewed by Wynd and Reynolds.19° = 

of the 

) 

Hormones 191 

Kunster 19? claims that the actions of various plant hormones. are material 
affected by irradiation. 7 | x 

The effects of ultraviolet light on insulin have been discussed in connection w; 
the proteins. Adrenaline, according to Keeser,193 is activated by red and ere 
light and inhibited by blue light. Pennetti194 states that, in the presence of eos 
adrenalin may be inactivated by sunlight. Some protective power is exerte 
against this action by pyrogallol, hydroquinone and resorcinol, but not by gelat 
egg albumin, Witte’s peptone or glucose. Absorption data for adrenaline ay 
ephedrine have been given by Marchlewski and Skarzynski,!9> who find that ¢ 
stereoisomers of these products have identical absorption spectra. j 

The rate of oxidation of commercial adrenaline solutions with hydrogen pero 

( 31). See also Ewing, P..L., Blickensdorfer, P., and McGuigan, H., J. Pharmacol., 43, 125 (1931); 

Chem. Abs., 26, 1004 (1932). 

63 0 Haddock, L. A., Quart. J. Pharm. Pharmacol., 6, 496 (1933); Chem. Abs., 28, 1137 (1936). 

meEwing, P. L., J. Lab. Clin. Med., 20, 16 (1934); Chem. Abs., 29, 2233 (1935). 

22 See also Higgins, J. A., Ewing, P. L., and McGuigan, H. A., J. Pharmacol., 44, 353 (1932); Chem. 
mez0, 3302 (1932). 

3 Zondek, B., and von Euler, H., Skand. Arch. Physiol., 68, 232 (1934); Chem. Abs., 28, 4085 (1934). 

% Slotta, K. H., Ruschig, H., and Fels, E., Ber., 67B, 1270 (1934); Fernholz, E., Jbid., A855; 
Butenandt, A., and Schmidt, J., Ibid., 2088; von Euler, H., and Brandt, K., Arkiv Kemi, Mineral. 
Geol., 11B, 51 (1935); Naturwiss., 23, 544 (1935); Chevallier, A., Cornil, L., and Verdollin, J.; Ball, 
ee 114, 171 (1935); Chem. Abs., 29, 8088 (1935). Bugyi, B., 2. ges. exptl. Med., 101, 

~*® Das, N., and Guha, B. C., Indian J. Med. Research, 21, 765 (1934); Chem. Abs., 29, 1150 (1935). 
8 Allen, E., and Ellis, M. M., J. Am. Med. Assoc., 85, 94 (1925). 
British P. 295,361, Aug. 8, 1927, to Schering-Kahlbaum Co.; Brit. Chem. Abs., B, 37 (1930). 

*8Lieben, F., and Kraus, H., Biochem. Z., 236, 182 (1931). 
oe J. J., and Hunter, V., Proc. Soc. Exp. Biol. Med., 30, 1157 (1933); Chem. Abs., 28, 

* Agren, G., Skand. Arch. Physiol., 70, 10 (1934); Chem. Abs., 29, 1475 (1935). 
“Ludany, G., Biochem. Z., 285, 192 (1936). 

186 See also Warburg, O., and Haas, E., Naturwiss., 22, 20 (1934). 

187 Theorell, H., Biochem. Z., 278, 263 (1935). 

1s7a (See Chapter 42.) = 

i88 Bénard, H., Biancani, E., and Biancani, H., Compt. rend. soc. biol., 92, 1031 (1925); Chem. Abs 

19, 3278 (1925). 7 
189 Warburg, O., and Christian, W., Biochem. Z., 282, 221 (1935). 

19 Wynd, F. L., and Reynolds, E. S., Aun. Mo. Botan. Gardens, 22, 771 (1935). 

191 Tt has been proposed to treat glands of internal secretion with ultraviolet light in order to re ide 
them or their extracts increasingly active. Eichelbaum G., and Altenburg, J., British P. 275,183, Ju 
21,:1927; Brit. Chem. Abs., B, 874 (1928).: . 

162 Kiistner, H., Deut. Med. Wochschr., 58, 625 (1932); Chem. Abs., 26, 4831 (1932). 
198 Keeser, E., Arch. exp. Path. Pharmakol., 166, 624 (1932). - _ 

194 Pennetti, G., Arch. sci. biol., 9, 398 (1927); Chem. Abs., 21, 3678 (1927). = 

19% Marchlewski, L., and Skarzynski, B., Bull. intern. acad. Polonaise, A, 241 (1929); Chem. Abs 
24,873" (1930). 4 

196 Vacek, T., Compt. rend. soc. biol., 109, 583 (1929); Chem. Abs., 25, 1330 (1931). 

19% Moore, E. E., and Moore, M. B., Ind. Eng. Chem., 23, 21 (1931). 
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Irradiation of an alkaline extract of the pigment hormone of the posteriog : Bie action of cobra venom on red blood cells is completely Aas ae 

of the hypophysis does not affect its ability to cause on injection a tempe 4 ina dilution of 1 to 2000 in quartz with 72 times an erythema dose o the 

“7 ing | from a mercury arc at a distance of half a meter.221 At the same time decrease and a blood sugar increase.?12 a 4:,tiors : 
. dia xicity of the venom toward white mice was destroyed or greatly reduced. 

e to PRODUCTS OF PATHOLOGICAL SIGNIFICANCE ‘bility of using such attenuated venom in prophylactic treatments 1s 
“pe poss? 

The toxin, ricin, could not be destroyed by ultraviolet light of Wave-lenoy sé a and Collins 222 found also that the toxins of Crotalus terrificus, Lachesis 
2250 to 2540A in experiments by Carmichael.?18 . is ius, Vipera Russellii, and Naja tripudians are decomposed by ultraviolet 

Irradiation of tetanus toxin destroys its toxic but not its antigenic PoWerea * Bn, The ability of cobra venom to inhibit coagulation was sometimes so 
S ra! ja e 

The toxicity of diphtheria toxin is also destroyed.2!5 Irradiation for 4g hoi 
causes a marked change in the absorption curve.?16 a 

Tuberculin. High dilutions of tuberculin are markedly inactivated 4 
intense exposures to the quartz lamp.7!7 The inactivity of light of short wan 
lengths on concentrated “old tuberculin” was considered to be due to the lack. 
penetration of these rays. In weaker solutions, the activity on intracutanes 
injection is diminished but the general reacting power is retained. The ther 
peutic use of light-treated tuberculin is recommended therefore as obviating ¢ 
painful cutaneous reactions. ‘This preparation is called ultratuberculin. 4 

After irradiation, the “old tuberculin” solutions were incapable of causing ing, 
cutaneous reactions in tuberculosis guinea pigs and in suitable doses did not p 
tuberculous guinea pigs.*!8 This is in distinction to the results obtained in ma, 
where rayed tuberculin produced both focal and general reactions. This differen 
is explained by assuming either that unchanged tuberculin is still present af 
irradiation or that the reactions in man are of a non-specific nature. P 

During irradiation of tuberculin, the pH of the solutions shifted toward ¢ 
acid side and the surface tension increased, according to Mikhailovski.219 . Spieg 
Adolf and Seibert 77° measured the ultraviolet absorption spectra of highly purif, 
tuberculin preparations made from various organisms. Considerable variations 
absorption were observed. All preparations made from human type bacilli by pr 
cipitation with trichloroacetic acid contained a substance showing selective absor 
tion with a maximum at 2650 to 2670A, spectrographically identical with nuck 
acid. Nevertheless, the content of nucleic acid as measured by the absorption bar 
could not be correlated with the biological activity of the preparations, since gor 
in which the absorption band was missing were still biologically active. Wh 
preparations in 0.l-per cent and 1-per cent concentrations were irradiated in 
quartz-covered dish for six to ten hours at 15 cm. from a quartz mercury arc, tl 
absorption band disappeared and the toxicity, as measured by the intradermal te 
and the lethal action on tuberculous guinea pigs, was lost. Thus, although nucle 
acid does not appear to be identical with the potent principle of tuberculin, thet 
seems nevertheless some sort of association between it and the potent principle 

ed as to cause a slight acceleration of coagulation. Snake venom could be 

a cted from the effects of irradiation by egg-white, horse serum or Witte S pep- 

prote Anticobra, antidaboia and antibothrops sera were little affected by irradia- 

nless diluted. Arthus 223 later stated that in the presence of gelatin, tie 
5 ct of the treatment was to destroy both the toxicity and the antigenic power of 

“peg veriom. Macht and Davis 224 also found ultraviolet rays to produce a rapid 

4 ease in the potency of snake venom. "ec: 

~ Serum “kallicrein” bound by gland activator is destroyed by ultraviolet light, 

_» rate being largely independent of the pie | 
The flocculation characteristics of diphtheria toxoid are not changed after two 

5 three hours of exposure to unfiltered mercury arc radiations, but the flocculating 

pility of the toxins decreased gradually. Their toxicity decreased about 30 per 
‘ent. Lhe antiserums lost their flocculating power and not more than 30 per cent 

ett eir antitoxic power, although their behavior as regards precipitation by sodium 

alfate was not affected.??¢ 

Ak wry 

on 

‘m1 Much, Peeméller and Haim, Miinch. Med. Wochschr., 74, 1365; Chem. Abs., 22, 4641 (1928). 

rthus, M., and Collins, H., Arch. Intern. Physiol., 30, 250 (1928); Chem. Abs., 24, 2172 (1930); 

Chem. Abs., A, 1024 (1929). 

rthus, M., Compt. rend. soc. biol., 103, 130 (1930); Chem. Abs., 25, 135 (1931). 

facht, D. I., and Davis, M. E., Proc. Soc. Exptl. Biol. Med., 30, 990 (1933); note also Ful- 

ni, E, Boll. soc. ital. biol. sper., 11, 429 (1936); Kopaczewski, W., Compt. rend. soc. biol., 80, 

1917). 
erle, E., Biochem. Z., 287, 235 (1936); Chem, Abs., 31, 149 (1931). 

odern, F., Rev. inst. bacteriol. dept. nacl. hig. (Buenos Aires), 7, 618 (1936); Chem. Abs., 31, 
(1931). . 

212 Jores, A., Z. ges. exptl. Med., 97, 207 (1935). 

218 Carmichael, E. B., J. Pharmacol. Exp. Therap., 35, 193 (1929). 

214 Megrail, E., and Welch, H., Proc. Soc. Biol. Med., 28, 494 (1931). a 
215 Nakayama, Y., Japan. J. Mikrobiol. Path., 27, 990 (1933); Chem. Abs., 27, 4581 (1933); Lowel 

stein, Vienna Z. Path. Therap., 15, 279 (1914); Chem. Abs., 9, 653 (1915). 4 

216 Levaditi, C., Loiseau, G., Paic, M., Philippe, M., and Haber, P., Compt. rend. soc. biol., 116, 60 
(1934); Chem. Abs., 28, 5846 (1934). For further absorption data, see Ottensooser, F., Krupski, 4 
and Almasy, F., Biochem. Z., 277, 314 (1935) and Wadsworth, A., Crowe, M. O’L., and Smith, L. £ 
Brit. J. Exptl. Path., 16, 201 (1935). From the absorption data, the presence of a hemochromogen 
indicated. ‘ 

217 Hausmann, W., Neumann, W., and Schuberth, K., Z. Tuberk., 46, 32 (1926); Chem. Abs., 4 
3678 (1927); Z. Tuberk., 47, 113 (1927); Chem. Abs., 22, 985 (1928). “4 

218 Fischer, A., and Hausmann, W., Z. Tuberk., 58, 328 (1930); Chem. Abs., 26, 511 (1932). 
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ag yspension on the lower surface of a quartz plate was exposed to radiations 
erial prough the quartz. The plate formed the lid of a small quartz chamber, the 

: e of which was maintained constant by a thermostatically controlled water 
9 me of the observations indicated not only that the killing may be very rapid 

ket. raviolet light is employed, but also that the age of the organism and the 
en Ye at which the irradiation is conducted exert an influence on the results. For 
aperatur 30°C., a culture of B. prodigiosus three hours old was killed in 60 seconds, Chapter 35 
ame ce ten to fifteen hours old required 210 seconds. At 45°C., a three-hour culture 

“a e . cu 4 . e . i * . 

° ° ne”. fifteen seconds. This indicated that the reaction underlying the lethal 
The Lethal Action of Ultraviolet Rays ang — g killed nossesses a positive temperature coefficient.” , 

ea, eee ‘ Bens’ also presented a curve for the relative effectiveness of various wave-lengths, 

q msi 53, Bernard and Morgan, working in MacFayden’s laboratory at the Lister 

It has been known for over a half a century that ultraviolet rays are 4tute, 
} ON aft ‘ Caps Becally confined to the region between 3290 and 2265A. By means of a quartz 
of killing bacteria and molds, but it is only in comparatively recent times ; B jaraph, the spectrum of a carbon arc was thrown upon an agar plate superficially 
attempts have been made to utilize these results for the practical sterilization BE ated with a culture of B. coli communis. After a definite time the plate was 
foods, drugs, water and air. ‘The method has, however, definite limitations ant cubated. Only that part of the surface which had been exposed to the rays from 3287 

present its use is becoming more and more restricted to surface sterilization 2 
foods, the treatment of relatively expensive materials such as certain phar 
ceutical preparations and the irradiation of air in operating rooms and hoa 
corridors. Studies of the mechanism of the lethal action are important in that q 
offer a method of attack on some unsolved problems of physiology and patholo 

The active rays were completely arrested by thin films of agar media. paket reader is 
nded that an. agar medium is not a simple gel of agar agar, but contains added pro- 
geet ae 

EARLY History , ¢ the skin. 

As early as 1877, Downes and Blunt* discovered the bactericidal action of light 
a mixture of organisms encountered in putrefying substances. They showed that ¢ 
of short wave-lengths are responsible for the lethal effects, and that these rays 
capable of sterilizing either moist or dry organisms. They ascribed the action 4 
direct effect upon the organisms rather than to effects upon the surrounding me 
They were in error, however, in concluding that the presence of oxygen is essential 
bactericidal action. This error persisted a long time, being repeated and emphas 
by Roux in 1887,” until it was corrected by Ward in 1892.* Studies were made of 
effect of irradiation upon a number of microdrganisms by Arloing* and by Due 
(1885). Ward showed that, although some bactericidal action is exerted by the visi 
spectrum upon the anthrax bacillus, the most intense lethal effects are due to the ult 
violet rays which fail to penetrate glass. Ward suggested that the carbon arc m 
-be used for the disinfection of small enclosed spaces, such as railway cars. , 

Other workers added a number of features of physical interest. Such features 
the applicability of the inverse square law for the falling off of the intensity of 
Source with respect to distance, the comparative efficacy of intermittent and continu 
irradiation, the effects of temperature and the like, attracted the attention of m 
workers, particularly of Henri and his collaborators. The general outcome of this wi 
was the realization that physical or photochemical changes were involved which wi 
in some manner dependent upon the absorption of the effective radiations by the organis 

4 BACTERICIDAL SPECTRAL REGIONS ACCORDING TO EARLIER OBSERVERS 

“The majority of workers have found the region of bactericidal activity to lie 

etween the wave-lengths 2960 and 2100A. Thus Newcomber,® working with the 
cillus of typhoid fever, gives the effective limits as 2800 to 2100A with no action 
+ 2970A. Browning and Russ, using agar? surface cultures, a tungsten lamp, 
hd ‘a quartz spectrometer, reported 2960 to 2900A as bactericidal rays, with a 
maximum action at 2800 to 2540A. Cernovodeanu and Henri,!° using a Cooper- 
Hewitt lamp and bacterial emulsions, found a maximum at about 2800A;_ Mash- 

1 ysing agar surface cultures and a quartz spectrometer, found the bactericidal 
e to be from 2950 to 1860A with a maximum at 2750A. Bayne-Jones and 
der Lingen 1? give 3500 to 1856A. Bang, using a carbon arc at 30 amperes, 

found the maximum action to be produced by the wave-length 2500A. Vig 
The differences’ reported may be caused by variations in technique, especially 

the following: surface cultures can be killed by rays of less penetration, that is, of 
ger wave-length, than are needed for emulsions. This effect is reversed when 

Ambitious attempts to replace the rather qualitative generalizations of their predec mulsion is agitated during irradiation. Arcs between different electrodes vary 
sors by a more quantitative statement of data were made by Bie and Bang in Finse their spectral energy distributions. Temperature and hydrogen ion concen- 
laboratory. Each of these observers measured and recorded the energies to which fration may affect the results 
organisms were subjected in their experiments. Although their work was largely ¢ SW : 
fined to the visible spectrum, it indicated that the bactericidal effect increases sharply 
the wave-lengths employed are decreased. Only by the use of long exposures was 4 
germicidal effect obtained by the use of light of the middle range of the visible specttt 
The most valuable contribution of Bie was the introduction of the use of liquid absorpt 
filters to isolate particular spectral regions. . 

Bang improved the technique by eliminating the heating infrared rays, and exten 
the measurements into the ultraviolet by the use of quartz. A hanging drop of 

a 5See also Thiele, H., and Wolf, K., Arch. Hyg., 60, 29; Chem. Abs., 1, 1029, (1907). Contra: 
Cernovodeanu, P., and Henri, V., Compt. rend., 150, 52, 549 (1910). 

 *Bang, S., Mitteilungen aus Finsen’s Medisins Lysinstitut, 9, 164 (1905). 

Bernard, J. E., and Morgan, H., Brit. Med. J., Nov. 14, 1903; Proc. Roy. Soc., 72, 126 (1903). 

' *Newcomber, H. S., J. Exp. Med., 26, 841 (1917). 

* Browning, C. H., and Russ, S., Proc. Roy. Soc., 110, 33 (1917). 
a Cernovodeanu, P., and Henri, V., Compt. rend., 150, 52 (1910). 

ey stimo, T., Mem. Coll. Sci. Kyoto, 4, 1 (1919); J. Sci., 161A (1921); Chem. Abs., 15, 1146 

4, Bayne-Jones, S., and von der Lingen, J. S., Bull. Johns Hopkins Hosp., 34, 11 (1923); cf. Bovie, 
™. 1, Bot. Gaz., 61, 1 (1916). 
s Bang, S., cited by Henri, V., Compt. rend., 155, 315 (1912). 

a 
& 

1 Downes, A., and Blunt, T. P., Proc. Roy. Soc., 26, 488 (1877). 

2 Roux, E., Ann. Inst. Pasteur, 1, 445 (1887). 

3 Ward, H. M., Proc. Roy. Soc., 52, 393 (1893); 53, 23 (1893); 54, 472 (1893). 

4 Arloing, S., Compt. rend., 100, 378 (1885); 101, 511 (1886). 
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On the other hand Bazzoni 14 reported that the full radiation from light : 

emitting wave-lengths shorter than 2500A will kill bacteria, but tha So 

radiations between the limits of 2500 and 2800A will not affect bacteria ‘a 

of water in an exposure of an hour. He states further that several hoyry i. 

is needed to kill bacteria with rays of wave-lengths between 2200 and rege 

when their intensity is the same as that of the rapidly destructive tota) .., 
of the same source. ‘These findings are in contradiction with those of 

quent workers who found bactericidal action even in narrow bands sha 
by a quartz spectrometer. 

ss 1 action of rays shorter than 2800A was at least ten times more rapid 
ene ¢ those longer than 3050A, in spite of the much lower intensity of the 

hat a Intermittent exposure had the same effect as continuous exposure 
of Be total time of exposure, that is, the action is cumulative. These authors 
e Bic energy between 1700 and 2800A required to kill a single bacterium 
OF th e order of 1910-1? watt.1¢ | 

; INTERPRETATIONS OF THE LETHAL MECHANISM ; 

% ford 17 attempted to revive an earlier theory of an indirect lethal mechanism 

a h it was assumed that the organisms are killed by the action of hydrogen 

Pie formed by the ultraviolet rays. Such a mechanism would require a wave- 
<4 
Si 
oh , dependence similar to that for the production of hydrogen peroxide, which 
i from the results described in the preceding paragraphs. Furthermore, such a 
anism is inadequate to account for the observed facts (described in a subsequent 
raph) regarding the relative efficiencies of various wave-lengths operating at 

=,me intensity. Moore and Webster 18 attributed the germicidal power of 
-sht to the production of formaldehyde. 

Boks 19 claimed that irradiation of the culture medium previous to inoculation 
ng its ability to support growth. It may be recalled that Coblentz and Fulton 

observed a similar result after prolonged irradiation of agar. Blank and 
41420 state that radiations of 2537A change agar or agar-water gels so that 

y no longer support the growth of B. subtilis. There is formed a nonvolatile, 

| radi 
Many gy 
tply isc 

Since little was known regarding the distribution of intensities in the lip 
the tungsten arc employed by Browning and Russ, Burger !° repeated the 4 
ment, using a mercury arc as the light source, and was able to demonsgtraz, 
correlation between the intensities of the lines within the lethal region 
relative killing effects. : 

ate | 
and 

In order to determine the practicability of exposing fruit to ultraviolet pa, 
order to destroy mold spores, Coblentz and Fulton at the Bureau of Standarge 
ducted an investigation of the effects of various wave-length regions upon ey 
of Staphylococcus aureus. In commenting upon the culture spectrogram of By, 
and Russ (see Figure 132), they stated that the sharp termination of the germ; 
action in the short wave-length region may have been due to absorption of ; 
rays in the instrument employed. | a 

eMisiBte-w-----ULTRA-VIOLET REGION oF SPECT RUNES ! mostable material capable of diffusing through the gel. A similar inhibiting 
Green : Cena a+ results from the addition to the medium of an irradiated solution of a carbo- 
; 3800 2960 2480 2250 A.U. A. 

rate. In confirming these results, Baumgartner *! notes that irradiation of 

Spedtram a a. pchydrates is accompanied by a marked production of acid, approximately half 
eo eenctatis : Ean : ie which is formic. Neutralization restores the ability of the medium to support 

Hien Glpeaeed wth, Further confirmation is reported by Pratt.*? Calabek 7° believed that the 
todiation; | 4 = hensonne lamp, as well as natural solar rays, lowers the swelling capacity of 
incubated } Pci + disks to an extent dependent upon the time of irradiation. The maximum 

rease was achieved after an illumination of 146 minutes on one side of the 
k, the subsequent swelling in water reaching only 1525 per cent instead of the 
mal 3200 per cent. The action of the radiations was practically limited to the 
reme layers of the gel, decreasing to about zero at 0.08 mm. below the surface. 

sten and Dwight 24 find that irradiation of dry agar decreases the viscosity and 
of the sol subsequently made. | 

h effects on the medium have, however, little to do with the mechanism by 
ch organisms on the surface of a plate are killed within a few seconds of 

osure to ultraviolet rays. In this case,.it is necessary to seek for a direct 
0. of the rays upon the organisms. To determine which of the chemical con- 

ments of the organisms absorb the light in the primary process, subsequent 

Absorption * nee jl 

of Bucteria’ 

Ficure 132. Plate of Bacteria Exposed by Spectrograph by Browning and Russ 

Coblentz and Fulton were unable to detect any effect on growth produce 

irradiating agar before seeding it with the cultures, unless very, high light in 

sities were used. The absorption spectrum of the bacterial emulsion extended | 

2060 to 2100A and coincided with the spectral range of germicidal action. » 

differences in the wave-lengths effective for killing different organisms were 10u 

Thus for B. coli, the range for lethal effects extended from 2960 to 22004 

for B. typhosus from 3000 to 2100A, and for S taphylococcus aureus the rang 

greatest germicidal action extended from 2960 to 2380A. It may be noted ty 

the experiments of Baynes-Jones and van der Lingen in which the long ¥ 

length threshold was found at 3500A, sa peaeeotad irs exposed to a" 7 

three hours. Coblentz and Fulton employed a series of mica screens ; ee | af | 

thicknesses for isolating particular regions, the mica having a maximum absor ‘ ee ee £0933); pat, Rietemnes eee ee oH tie ee 

near 2600A. They found germicidal action even at 3650A, but very PrO™ ew 1. H., and Arnold, W., J. Bact., 30, 507 (1935). 
i : C , weartner, J. G., J. Bact., 32, 75 (1936) : 1en wave-lengths between 2970 and 3650A wer j | 32, ; 

exposures were required wl 2 , i RU irs. 32, 613 t1936), 

° J., Protoplasma, 3, 17 (1927); Chem. Abs., 22, 3896 (1928). 
en, H. J., and Dwight, C. H., J. Phys. Chem., 41, 687 (1937). 

*Coblentz, W. W., and Fulton, H. R., Bureau of Standards Sci. Papers, 19, 495, 641 (1924). 
Bedford, T. H., Brit. J. Exptl. Path., 8, 437 (1927). | 
Bore, B., and Webster, T. A., Proc. Roy. Soc., 90, 168 (1918). 

14 Bazzoni, C. B., Am. J. Public Health, 4, 975 (1914). 

15 Burger, G., Bull. Basic Sct. Research, 2, 46 (1928). | 
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workers have compared the absorption spectra of various cellular com 
the spectral regions of greatest lethal activity.7° | 

Following a suggestion of Henri?® that the abiotic power of vario 
lengths parallels their absorption by proteins, Harris and Hoyt 27 ¢ 

_enopiles. A suspension of Staphylococcus aureus was flowed over an agar plate 
4 exposed at the exit slit. After the exposure, this was covered with another 

s y of agar and incubated. The area counted coincided with the area. of the 

pile junction. The energies applied were varied by altering the times of 

p Onents .. 

sae ound +4, 4 rmo . 
B, subtilis, irradiated by ultraviolet filtered through a l-per cent tyrosine aa 7 a osure. From a large number of experiments, smooth curves were obtained 
survived exposures of forty minutes. On direct exposure, the organisme 101 a P the variation in the per cents of bacteria killed with variation in the logarithms 

killed in 150 seconds. Similar results were obtained with Staphylococ ‘— . “¢ the available energies expressed in ergs per square millimeter.2° The curves 
.. so similar as to indicate that the reaction at any one wave-length is typical 

4 them all. The form of the S-shaped curves is one frequently encountered in 

4 perimental biology. Four conclusions were drawn from this work. 

CUS ayo, 
and B. mucosus capsulatus. These experiments do not, however, afford proof a 

the lethal action of ultraviolet rays is to be attributed to an effect upon the .. 
matic amino- acids of the proteins. This work had a considerable influencelll 
the opinions of biologists and for a time the effects of radiations upon the “s 
were perhaps overemphasized. | 

In 1914, Henri stated 28 that the abiotic power of ultraviolet light was th 
result of photochemical action on certain molecular groupings of the Protoplasy 4 

and, especially, the cell nucleus. In 1916, Galeotti *? showed that the reprodue. pe destroyed by less energy than would be predicted from the rate of destruction 

tivity of B. typhosus, B. paratyphosis and B. subtilis could be destroyed by 1a a the remainder of the organisms. They seem to be less resistant than the rest. 

intense ultraviolet light without causing them to lose their motility, an indies 3, A considerable proportion of the remaining bacteria (about /Ovor*80 per 

tion that the first locus of attack is upon some material associated with a cent of the total number) succumb along an energy gradient that bears an exponen- 

division. Bovie and Hughes 2° found that exposures of Paramecium caudatyn ‘al relationship to the lethal effect, 2.¢., a straight line. In other words, the middle 

only one-thirteenth as long as those necessary to produce cytolysis were sufficie 4 portion of the curve may be reproduced by the equation describing the course of a 

to inhibit all division. | i | 

Some observers have described changes wrought in bacteria by non-sterilizine 

‘monomolecular reaction. 
4, In the final period there are remaining a number of organisms which are 

doses of ultraviolet rays. Henri?! claimed to have produced two new forms fron killed only by .an excess of energy. 

anthrax bacilli in this manner. Eberson ®” believed the irradiation of certain type 7 

of mengingoccoci to diminish their virulence and increase their antigenic powell 

However, attention has not been devoted to any extent to this type of ultraviole 
etrect. | 

In 1928, Gates published a brief note stating that %% “the reciprocal of the 
bactericidal energy curves matches the absorption curves for certain of the nucleo. 
proteins—cytosine, thymine and uracil—more closely than it does those for various 
aromatic acids such as tyrosine, tryptophane and phenylalanine, suggested by 
Harris and Hoyt.” That derivatives of the nucleic acids should be concerned 
agrees well with the observations that it is the reproductive function which is first 
destroyed by the action of ultraviolet rays. It must be remembered that in most 

experimental work the criterion of death based upon the counting of colonies which 

grow in media inoculated by irradiated organisms is really a criterion of the failure 

of cell division to occur at the normal rate. i 

Gates 34 employed a quartz monochromator to separate the wave-lengths emitted 
by a quartz mercury arc, and measured the intensity at the exit slit by means of 

1, No bacteria succumb in the initial period of exposure. The energy incident — 

during this initial period is between 6 and 7 per cent of that required to kill all 

‘of the organisms. | 

~ 9. After this period, between 20 and 30 per cent of the organisms were found 

Proteip 3 

ie nt 

The second feature discussed above is attributed to the fact that young bacteria 

‘are less resistant than are older, resting organisms, a fact which had been demon- 

‘strated by Bang.36 Gates was of the opinion that there was no evidence in his 

work that sublethal doses exerted any stimulating effect on the subsequent multipli- 

cation of bacteria, although this had been claimed by Browning and Russ.?7 This 
may have been due to the fact that when few bacteria survive in the middle of an 

exposed area, or when relatively few are left at the edges where the intensity of 

‘the radiation falls away, the colonies they produce are always much larger than 

) those in the more crowded areas of the plate. The reason for the more active 

multiplication and consequent large colonies under these circumstances Gates 

pelieved to be merely that the nutrient substances per colony are not so limited, 

and also that waste products do not accumulate so rapidly. 
_ One point of view regarding the nature of the lethal process disregards the 

features indicative of individual differences in the resistance of the organisms and 
considers the curve evidence for a fundamental monomolecular reaction under- 
lying the process. Another point of view, to which Gates inclined, regards the 

course as determined by probability considerations and suggests that it should be 
~ compared with the mortality curves of insurance statistics. The similarity of the 

middle portion of the curve to that of monomolecular reactions is ascribed to a 

eT 

25 Rahn, O., LJ. Gen. Physiol., 13, 179, 395; 14, 315] has assumed that each cell contains one or sev 
eral extremely sensitive molecules, the destruction or inactivation of any one of these preventing the 
multiplication of the cell. He believes that it may be necessary for more than one molecule to be 
destroyed in order that a yeast cell may be killed. In the case of the spores of the mold Botrytis 
cinerea, the number of reacting molecules is thought to be greater than one; and in the flagellate coincidence in the distribution of the resistance factors 

Colpidium, Rahn believes that two molecules must be destroyed before mobility ceases. = i ; 

Es enti. 4) Comet. vendkisac, -bivk.- 16) 223) 7 j Gates showed 28 that wide variations in the intensities of incident ultraviolet 

2 Harris, F. I., and Hoyt, H. S., Pathology, 2, 245 (1919); Chem. Abs., 13, 2384 (1919). 4 energy (from 21.6 to 5.6 ergs per sq. mm.) were not accurately compensated for by 

*s Henri, Mme., Compt. rend., 158, 1032 (1914). making the appropriate changes in the times of irradiation. Thus the Bunsen- 
29 Galeotti, G., Ann. Inst. Pasteur, 30, 49 (1916); Chem. Abs., 10, 2358 (1916). 

80 Bovie, W. T., and Hughes, D. M., J. Med. Research, 23, 223 (1918). 

81 Henri, Mme., Electrical Review, 74, 768 (1914). 

82 Eberson, F., J. Immunol., 5, 345 (1920); Chem. Abs., 14, 3273 (1920). 

88 Gates, F. L., Science, 58, 479 (1928). 

34 Gates, F. L., J. Gen. Physiol., 13, 231 (1929). 

3 Hertel, E., [Z. allgem. Physiol., 4, 1 (1904); 5, 95 (1905)] had made a beginning in this type 
of work, but he had reported only on the effects of six lines. Compare also Bang, S., loc. cit. 

86 Bang, S., Mitteilungen aus Finsen’s Lichtinstitut, 2, 1 (1901). 

*' Browning, C. H., and Russ, S., Proc. Roy. Soc., 110, 33 (1917). 

88 Gates, F. L., J. Gen. Physiol., 13, 249 (1929). 
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4200 
Roscoe reciprocity law does not hold strictly. The deviations were mogt 
with young organisms, metabolically and genetically active. 

An exposure of thirty minutes at 3340 or 3660A failed to reduce the aa 

quent formation of colonies. Although the first experiments with 3130A indi : 

some bactericidal action, in later ones in which stray reflected light wa, ‘2 

rigorously excluded, even very large incident energies had no appreciable in 

No attempt was made to determine the short wave-length limits of letha] act 

Weak lines at 2340, 2300 and 2250A required such long exposures that if a 

possible to establish only the middle portion of the curve of lethal action. Lyma: q 

showed the bactericidal effects of radiations shorter than 1860A and Bovie! 

extended the lower limit to 1250A by the use of a hydrogen discharge tyhe 4 
fluorite windows. ; 

The lethal action has a temperature coefficient of 1.1, in agreement With F 

observations of Baynes-Jones and van der Lingen. Gates was unable to confir 
the results of Thiele and Wolf,41 and of Wiesner 42 who found an increase in tep 
perature to extend the bactericidal zone toward the longer wave-lengths. a 

Variations in the pH of the medium between 4.5 and 7.5 were without influeno 
on the lethal action, but at pH 9 and 10 there was a slight but definite increas. 

in bacterial sensitivity. Plane-polarization of the incident ultraviolet light had », 

effect upon bactericidal action.43 — | a 
Although the killing curves obtained by the use of different wave-lengths a; 

similar in form, they lie at very different energy levels.4* Thus energy require 

to kill half of the exposed organisms ranges from 3150 ergs per sq. mm. at 30204 
to only 88 at 2660A. The latter wave-length has been reported to be optimum fo 
killing organisms, longer or shorter ones requiring more incident energy. 9 
plotting against the wave-lengths as abscissae the reciprocals of the energie 

required at various wave-lengths to kill half of the organisms, the curves sho ve 
a maximum at 2660A, a minimum near 2400A and another maximum beyon 

2300A. A similar curve was obtained for B. coli45 Absorption curves of thi 
films of the organisms pressed between quartz plates were strikingly similar to th 

curves for the reciprocals of the energies required. a 

Comparatively few references are available on the absorption of the material 
of the cell nucleus. Dhéré in 1906 stated that 4-methyluracil exhibits an absorp 
tion band between 2346 and 2801A. Since this was very similar to the absorptiot 

observed in the case of nucleic acid, he attributed the absorption spectrum of th 

latter to its pyrimidine and purine components. Holiday #* more recently reported 

quantitative data on the absorption spectra of several purines. a 

Heyroth and Loofbourow 47 gave absorption curves for a number of purines 

and pyrimidines and showed that the absorption of thymonucleic acid may be repre 

sented as the summation of the molar extinction coefficients, at least at 2600A 0 

39 Lyman, T., “Spectroscopy of the Extreme Ultraviolet,” Longmans, Green and Company, pp. 1-3 

2nd ed., London, 1928. ] 

40 Bovie, W. T., Bot. Gaz., 61, 1 (1916). 
41 Thiele, H., and Wolf, K., Arch. Hyg., 60, 29; Chem. Abs., 1, 1029 (1907). 

42 Wiesner, R., Arch. Hyg., 61, 1 (1907). 
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“Ficure 133. Absorption of Uracil at one gram per liter, Showing Effect of Irradiation 
‘, Ss Ae Ultraviolet (Heyroth and Loofbourow, Journal American Chemical 

octety). 

adenine, guanine, cytosine and thymine. They advanced arguments for viewing 
‘their absorption data as supporting the hypothesis of Gates that it is energy 

absorbed by these cellular components which is concerned in the lethal mechanism.*® 
The absorption of the typical pyrimidine, uracil, in a concentration roughly com- 
parable to that estimated as present in the cell nucleus, rises very abruptly and 

. z Tapidly at about 2950A. This is the wave-length found: by many workers to repre- 

og CBbsinae, S'S. and Lal RB. [Nature U7, 308 (1020)] hed previontly Suet Py alee approximate lethal threshold for the rapid action of ultraviolet rays on 
by polarized light as compared with ordinary light of equal intensity. 7 bacteria. Caee Figure 133;) The concentration of one gm. per liter was chosen for 

ase L., J. Gen. Physiol., 14, 31 (1930). Cf. however, Heréik, F., J. Gen. Physiol, 2) © ‘these measurements because of the following considerations. Assuming for 
tubercle bacilli a water content of 70 per cent and in the dried material a fat con- 

: yes i oo Vv. ee ie a See pa oe Pa ee Zangger; a r. 

92 19 ; er. ges. y Sto . expt. arvrmakol., 9 3 em, Sw 9 ° a iW nt of 40 er cent the work of ohnson an Br 1 

46 Holiday, E. R., Biochem. J., 24, 619 (1930). aeons J d Brown, who obtained 7.7 gms. of a 

41 Heyroth, F. F., and Loofbourow, J. R., J. Am. Chem. Soc., 53, 3441 (1931); 56, 1728 (1934) es. ¥. F. and Loothourows J. R., TL, ae Sk eevee: 5, 13 (1933). 
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nucleic acid from 436 gms. of dried and fat-free bacteria, would indic 
ence of at least 0.3 per cent of this nucleic acid in the fresh organisms .49 
for this tuberculinic acid a molecular weight approximately that of + 
acid, the absorbing nitrogenous bases would be at least one two-hundredth 
of the weight of the fresh bacteria. 
of the absorbing bases would be of the same order of concentration as 

bacteria. 

MOLECULAR EXTINCTION 

Ficure 134. Comparison of Lethal Action of Ultraviolet and Absorption of Nucle 

It is apparent that the absorption curve of these pyrimidine and purine bases 

concentrations comparable to those found in the cell corresponds closely to 

lethal threshold for the killing of microdrganisms. As indicated by the figt 

this long-wave absorption curve for high concentrations of the nuclear mater! 
moves toward still longer wave-lengths during the irradiation of these substat 

with unfiltered ultraviolet light. This produces a filtering effect which tenes 
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the unchanged substances from the destructive action of the radiations. It 

Satter of extreme interest that this occurs particularly with respect to the 
yest wave-lengths that may be found in the solar spectrum as available on the 

ice of the earth. 
rhe point of maximum absorption by most of these pyrimidine and purine 
~. and by nucleic acid itself lies near 2600A.°9. To make clear the similarity 

ween the forms of these absorption curves and those of the reciprocals of the 
“jes required for killing, and interpreted by Gates as the curve for the absorp- 

| ‘py the sensitive materials in the cells, curves have been plotted in Figure 134. 
ce compate the data of Gates, of Bang and of Weinstein (for the killing of 
_mecia) with the ®! absorption curve of nucleic acid. Both the nucleic acids 
’ yeast and from thymus glands have the same type of absorption curve. 

" only in those organisms in which the nuclear material is diffused throughout 
cell (bacteria and yeasts) or in which the nucleus is unprotected by a thick 
ver of cytoplasm should the absorption by nucleic acid be expected to play a 
“fominant role in the lethal action. Proteins may play a more important role 
the effects on cells such as the protozoa in which the nucleus is more adequately 
yected by a thicker surrounding layer of protoplasm. The thickness of such a 
4oplasmic layer in many of the protozoa may exceed many times the entire 
meter of bacteria. Indeed, in the case of such large cells there is some evidence 

chow that the optimum lethal action takes place rather closer to 2800A, the 
sition of the absorption maximum of the proteins, than to 2600A, the position 
‘the maximum absorption by nucleic acid. A quantitative comparison of the 

psorption of equally concentrated protein and nucleic acid solutions shows that a 
af greater proportion of the incident energy is absorbed at their respective maxima 
¥ the nucleic acid than by the proteins. The absorption of the proteins in this 
esion is due (see the preceding chapter), to the tyrosine, tryptophane and other 

rort atic amino- acid components. Not only are the molecular extinction coeffi- 
of tyrosine (approximately 2000 cm.-!), and of tryptophane (5000 cm.-!) 

t2800A lower than those found at 2600A for adenine (10,300 cm.?), guanine 
2,000 cm.-1), cytosine (6100 cm.-!), thymine (9000 cm.-1) and uracil (9100 
m1), but their proportions in the molecules of proteins (rarely over 2 per cent) 
much less than those of the absorbing nitrogen ring compounds in the molecules 

f nucleic acids. 
Relatively little is yet known as to the nature of the changes induced in the 
imidines by the action of ultraviolet rays. The absorption spectrum changes 

lating irradiation in the manner indicated in Fig. 135.52 The molecular extinction 
uitve of uracil is given in the upper heavy curve (concentration of 10 mg. per 
iter). During the first few minutes of irradiation with full ultraviolet light from 
jmercury arc there is a definite rise in absorption in the region from 2200 to 
BO0A and also in the region of wave-lengths longer than 2900A. During the 
iter periods of irradiation, the absorption of the head of the band decreases. In 
Ne case of uracil this change occurs after fifteen minutes of exposure at 2 cm. 
tom a Victor water-cooled arc. For a time the rise in absorption at both legs of 
le curve continues although the absorption at the center of the band is diminish- 

g. After about fifteen minutes, however, the absorption between 2200 and 2300A 
so begins to decrease, although that of the rays of wave-length longer than 
AOA continues to increase for three hours and then decreases. If the radiation 
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~Heyroth, F. F., and Loofbourow, J. R., J. Am. Chem. Soc., 53, 3441 (1931). 
i Weinstein, I., J. Opt. Soc. Am., 20, 433 (1930). 

®Heyroth, F. F., and Loofbourow, J. R., J. Am. Chem. Soc., 53, 3441 (1931). 
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is sufficiently prolonged, practically all selective absorption is lost, 
the absoys Sodium nucleate is relatively resistant to rup- 

energy causing photochemical changes which destroy the pyrimidines. ADsorp ‘ve of a rupture of the ring. 

. : a -oline. guani ridine and nicotinic acid evolve 4™Monia, 
of nucleic acid, an irradiation of an hour caused but negligible ha a ca pe eo. Pe crac Sh ently is hastened by oxygenation, but the 

2500 to 2900A, but in the region near 2300A the extinction coefficients j “twa rn these pec’ Se aierihe chance: 
nearly 45 per cent. The position of the minimum shifted slightly toward (aM ratter js not es e th and Loofbourow that the early change might 
wave-lengths during this period. On more prolonged irradiation th long, Jt was suggested by Heyro ¢ g-isouracil described by Tafel 

4 e formation of a compound of the type 0 
it yolve Paar ® Since the formula proposed by those workers involved we | 

and ¥ a hydroxyl group in position five, and since Johnson and Johns § a 

pues bility of pyrimidine compounds to reduce phosphotungstic acl 
that the a ; 

cone solution depends on the presence of amino- or hydroxyl groups in this 
in a 

Heyroth °? investigated the effect of irradiation upon the see of mm 

* oduce this reagent. It was found that irradiation of a uracil solution induce 

hemical change resulting in the formation of a substance or substances 

a ie of reducing an arsenophosphotungstic acid solution. The rate of change 

capa a st early in the irradiation. The observation of the occurrence of this 

pee iq be of aid in the interpretation of certain findings in the physiology of 

reaction cand Clinical observations of an 80-per cent increase in the blood uric acid 

Be eines have been reported by Wiener 58 to occur in patients undergoing 

a era Koch and Reed 5® reported a 38-per cent increase 1n the blood uric 

pho ‘S ” dog during irradiation with a carbon arc for an hour and a half. The 

| o: as irradiated while flowing through quartz tubes introduced into the circu- 

P a wT hese authors did not attribute the increased values to the formation of 

ae ‘d but instead to the presence of some substance giving a similar reduction 
ric acl ee (phosphotungstic acid) used for the determination of the 

4 Biicd blood uric acid. Dillman 6 could not obtain the increase when the blood 

ee ir diated in vitro. He also noted that irradiation of uric acid destroys its 

oe a educe phosphotungstic acid. The observations on uracil suggest the 

| . 4 —- ; ood as a possible source from which such 
puri dine nucleosides of the bl Oss ( is 

4 reducing substance might be formed during irradiation. Pincussen and Flores 

by experiments in vitr o attempted to learn something of the fate of nucleins 

exposed to radiations. Specimens of nucleic acid were exposed to the rays of 

a Nitra lamp, the heat rays being removed by a water filter. Eosin and dichloro- 

anthracene were tested as sensitizing agents, and the changes in ee cae, 

tion of the solution of nucleic acid were followed. A splitting of the acid wa 

pronounced without sensi tizer or in the presence of eosin, but was not detected 

in the presence of the an 

¢ abs es 
at the head of the band decreased. °TPtio, 
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Figure 135. Effect of Ultraviolet Irradiation upon the Absorption Spectrum of Uracil 
(Heyroth and Loofbourow, Journal American Chemical Society.) 
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thracene compound. The nucleic acid-splitting enzymes 

did not appear to be increased when animals were irradiated. ea ae 

Ultraviolet photomicrographs of the chromosomes of ba ae in various flu 

reagents have been given by Hellstrom, Brandt and von Euler.’ ee 

Peptization of cell colloids was obtained when a sharp pencil of pabiaers) ae | 

was passed into the macronuclei of Paramecium caudatum, a pirostomum oe apt 

and Amphileptus claparedei.®° Microscopic NS aga aa me i 

been employed to follow the distribution of nucleic acid in tissues during p 

The mechanism underlying these changes is as yet unknown. There may be : 
either a rupture of the ring with the production of diactinic products of the nature ~ 
of urea and open-chain three-carbon compounds, or there may be a gradual satura- | 
tion of the ring. Bass has shown that thymine, after twelve hours of ultraviolet 
irradiation in the presence of oxygen and ferrous salts, yields urea and pyruvic 
acid.°? Lieben and Getreuer,>4 state that no ammonia is liberated during the — 
irradiation of uric acid, xanthine, uracil, alloxan, hydantoin and g-hydroxynico- 
tinic acid. There is, however, evidence of an increase in free amino- groups — 

8 bEOO7 PH 
8 Tafel, J., and Houseman, P. A., Ber., 40, 374 

86 Johnson, T. B., and Johns, C. O., J. Am. Chem. Soc., 36, 970 (1914). 

87 Heyroth, F. F., Bull. Basic Sct. Research, 4, 128 (1932). 

8 Wiener, H., Klin. Wochschr., 3, 936 (1924). 

89 Koch, F. C., and Reed, C. I., Am. J. Physiol., 75, 351 (1925). 

6 Dillman, L. M., J. Lab. Clin. Med., 17, 44 (1931). 

61 \Pincussen, L., and Flores, A., Biochem. Z., 126, 86 (1921). See also me Ae ee, 

® Hellstrom, H., Brandt, K., and von Euler, H., Svensk Kem. Tids., 41; ; x 

Festschr. Hans Molisch, 2093 (1936). 

63 Bass, L. W., J. Am. Chem. Soc., 46, 190 (1924). 
54 Lieben, F., and Getreuer. V., Biochem. Lis, 2095: 1 (1938). 
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esses of mitosis and glandular secretion.64 In the ] 
bothrus spermatocytes, the absorption curves cor 
solution of thymonucleic acid. Chromosomes a 
acid segments and protein segments. 

Interesting observations of another type relating to the effect of ultraviolet 
in killing Escherishia coli have been reported by Lisse and Tittsler,6¢ By th "ays 
of either Northrop-Kunitz or Falk capillary electrophoresis cells, they founi Use 
irradiation, if of sufficient duration, produces a decrease in the negative char that 
the organism. With the former type of cell they found some indication a "a 
initial stimulative action of the ultraviolet radiations which made itself felt in an. 
increase of the negative charge. This could not, however, be observed with a 
Falk capillary cell. Short irradiations which merely stimulate or injure the cell 
permit a return of ‘the electrokinetic velocity toward its normal value, but pr ‘ 
longed lethal irradiation produces a lasting effect. The sequence of decreasin, 4 electrophoretic velocities is the same as that of increasing susceptibility to ageluth | nation except in the case of very long or very short irradiations. The interposition of a Corex A filter causes a practical disappearance of this sequence of agelutin. ability. Irradiation by a carbon arc also produced lysis which w ing ie as the greater the | longer the irradiation. Irradiation produced an increase in the pH of an aqueous 
suspension of cells, the original pH of which was approximately 6.1. With 500. 
watt Mazda bulbs as the light source there was eventually a reduction of thes charge and evidence of lysis indicated by a clearing of the suspension, but much longer times of irradiation were required than when ultraviolet light was used, Norton ®7 also suggested that the changes suffered by bacteria on exposure to ultra_ violet rays may be accompanied or perhaps preceded by changes in the electrical charges borne by the bacteria.68 Seste. ' 

Gartner © finds the agglutinability of bacterial suspensions to be increased and_ the zone of acid agglutination widened: by irradiation, although the acid zone is narrowed by prolonged exposures. Basic dyes agglutinate irradiated bacteria in lower concentrations. The pH is increased and the acid-binding power decreased, Agglutinability with antiserum is decreased. a 
Pincussen and Gutfeld 7 studied the influence of salt solutions on the killing of | various organisms by light. With S taphylococcus aureus, the killing effect in cal- — cium chloride solutions was about three times that obtained in distilled water, but other salts, including the chlorides of sodium, potassium and magnesium, were _ without this influence. Calcium chloride had a protective action on the diphtheria bacillus, the action of light being about four times greater in distilled water. Ehrismann ™ studied the effect of various cations in inhibiting the lysis or clearing _ of suspensions of bacteria. The process is recognized by a decrease in the volume 

8 Tchakhotine, S., Compt. rend., 202, 778 (1936). 
64 Casperson, T., Skand. Arch. Physiol. Suppl., 8, 151 -pp. (1936): Bull. histol. appl. physiol. path. tech. microscop., 14, 33 (1937): Protoplasma, 27, 46 (1937); Casperson, T., Hammarsten, E., and Hammarsten, H., Trans. Faraday Soc., 31, 367 (1935 
8 Casperson, T., Natwrwiss., 23, 527 (1935). 
66 Lisse, M. W., and Tittsler, R. P., Proc. Soc. Exp. Biol. Med., 28, 811 (1931). 
& Norton, J.-F, in Jordan, E. O., and Falk, J. S., “Newer Knowledge of Bacteriology and Epi- demiology,” Univ. of Chicago Press, 374 (1928). 
For other references to this work, see Lisse, M. W., Penn. Agr. Sta. Tech. Bull., 230, 6 (1928); 243, 6 (1929); 258, 8 (1930); Tittsler, R. P., and Dozois, K. P., Ibid., 258, 28 (1930); Lisse, M. W., ~ Tittsler, R. P., and Sharpless, G. R.: Ibid., 276, 4 (1932). The last includes an exhaustive bibliog- raphy on the lethal action of ultraviolet rays. - 
Gartner, I.,.Z, Immunitiats, 80, 493 (1933); Chem. Abs., 28, 5491 (1934); Gartner, I., and Szath- mary, J., Z. Immunitéts, 78, 249 (1933). 
7 Pincussen, L., and Gutfeld, F. V., Centr. Bakt. Parasitenk., 1 Abt., 109 (1928). 
7“ Ehrismann, O., Z. Hyg. Infektionskrankh., 111, 618 (1930); Chem. Abs., 25;-7F2i (1961); 
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ded particles or by the appearance of nitrogenous ae ae ‘ di 

once Hae An accelerated decomposition of the bacterial protein: oun 

* eS 1d however, be demonstrated. The following cations a i 

ss Me er ‘nidiwanedls Late > Cah > Batt Sr > Mer ees 7 7 

" ee an increase in temperature, displacement of Uahoras ee 

Li ie addition of formaldehyde or of mercuric chloride inhibit decomp 

gurroun 

ies according to their 
si carious bacteria studied could be arranged in a series 8 
the V 

tiveness. ¢ Quanta Per Bacterium Required for Killing. The eae 

ced : Pie number of quanta which must hit a single neh te i aised nee a system containing many molecules, in order to ki : oe 
of course 1S volved has been discussed by Wyckoff for killing ae Hie oo 

BE, clectrons 72 where it appeared that the absorption ofa pines te 
ye ocl a 

jectron by a colon bacillus was sufficient to cause death. Bc 

the case of the killing by x-rays,” Wyckoff found that i eee in 

: 4 ntum of energy sufficed to kill an organism, alt oug a ane 

on ed ee the absorbed quanta was effective. From this he conc ‘s pes 

a Ee onvariteth there is some sensitive region the destruction of whic ue 

. Bend that this sensitive “cell” must have a volume less than 6 per cen 

to 4 e ° ° 
E 

Behe casei penn different in the lethal action of ultraviolet rays. ae a 

: a : ie eeaiilig of Gates on Staphylococcus aureus as SS ae ea e me 

© atic! ~hit-to-Kill” type. Since he believed that the tendency of _l ae iw 

| ae : ther in chains made it impossible to spread them properly, = Pp aim 

4 Be eciments with the more motile B. coli. Survival-ratio curves at Var 
3 

Ww ithmi i ines, indicatin 
 wave-lengths when plotted on semilogarithmic paper gave straight lines, in ey 
 wave- : ; -hit 

onential killing rate. This might be due either to ae ee 

ine he organism or to a suitable distribution of the sensitivities 0 : 

occ if chede curves at all wave-lengths less than 3000A indicated is seed 

a ee ffective absorptions per bacterium per second of somewhat Se a 

the intensity of the energy and the volume of the ee eee ea 

fe calculated that for the 2699A line, the radiant energy Te ee nee 
| d was 0.99X10-8 erg. Since each quantum at this wave-lel Selena per ae 10-12 ere, the total number of quanta absorbed per bacterium ve ene 

. fi lated to be 136.000. But of these, less than one (0.03) was e = ake 

sins ‘ Ih Thus only 0.03 /136,000 or one in 4.19108 of the eer se . 

- . in Wyckoff then proceeded to. multiply the volume of one ane 

(3.93% 10-13 ce.) as a fraction 0.03/136,000 and bie Hos ae a ie 

Eidered to be a sensitive volume, which was 9.38 ise Ce: ay p I mrepen a 

lated that this is approximately the volume which might be. amet Kaiieki arith reset 

ized protein molecule, it was possible to make the suggestion, ares oa eerie 

ison: that the lethal action depends upon an effect. upon one: pro by the fact 
Bene on saath That the explanation was unlikely was ge Serer oe ani 

that pe millions of Ron ea sien ce se priate es for the 
: : ¥ Tr ’ : 

— ce OT ccs vile or solid systems low eas re 

Bs. necessarily imply the existence of some unusually See oe ra 

cule or unit cell. Other explanations of the low quantum yield wt 

: 921 (1930). 
72 koff, R. W. G., J.. Exp. Med., 51, 

73 Seok R. W. G.,.J.. Exp. Med., 52, 435, 769 (1930). 

74 Wyckoff, R. W. G., J. Gen. Physiol., 15, 351 (1932). 
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, required for 5 83 have given data on the energy ted be advanced when the photochemical reactions leading to the death of the a Recently; Hollaender ue ne : tion of the wave-lengths employed. at ea 

are better understood. 
Sang \ peactivation of Es. coli as a ra es 41.3x10-6; at 2650A, 13.1x10™; : chive 

In general, Wyckoff found the energies required to kill half of the Organi | be Bees required ee eae were regarded as somewhat ae toes Sai at various wave-lengths to be of the same order as those reported by Gates Lr M60 A, 81.6x 10”. dj aragraphs since they were calculated ee Gates, he found that the greatest effectiveness lies at about 2652A. There am a e cited in prece ee action of nonviable organisms. “avy pee iieeasiolet however, some discrepancies between the energies found by Gates and by Wyoles naprected “We the pro that although Rhodovibrio is killed we ? pane ES for which no explanation is yet apparent. It is also interesting to note an 4 Lehnert Elatee | f an hour, and that she Wyckoff found at 3132A that the curve for survival-ratios against ti 7 

es 

Divs, Thiocystis is not killed by an exposur 

. 
at 

rowth. accelerate 
g 

be indicated on semilogarithmic paper by a straight line with the same accuran. as the curves obtained at other wave-lengths. It seems possible that the mechanje. 
of killing at wave-lengths longer than 2900A is different from that at the shorts 
wave-lengths. , 

Evidence for a variation in the resistance of individual cells has oc been noted, particularly in the work of Gates ‘previously discussed. Be finds that the resistance of yeast cells increases in proportion to their content. 
; 

Although all microscopic living forms can be killed by ultravi 
exhibit varying degrees of resistance either inherent and specific t 
or extrinsic and due to the conditions of the irradiation. 
teria show considerable, and to some extent characteristic, 
from species to species. But an attempt to employ these va 
tiation of bacteria was unsuccessful.76 
and the cholera vibrio are killed readil 
are more resistant. 
tative forms.78 

Sunlight has a deleterious action on cultures of Brucella 
them in three hours. Ultraviolet light has a similar effect.79 

According to Mayer and Dworski,8° a suspension of tubercle bacilli co 2,/50,000 organisms per cc. was kille 
1.42X10® ergs per sq. cm. from unfil 
Exposure to an intensity of 5.93106 
did not alter the acid-fast staining qu 

ST 
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Lpsor ‘ations of wave-lengths 
wees ellipsoideus to radia 

a the satin fall into three classes according to 
° > d 

ee ae i me after a certain perio va ome died immediately, so ; eced 
eae Palle Fae t aie rate of cell division but ultimately recov ee 

ett ees Sa oe OUES: koff and Luyet 86 made similar observations * 

pee Their results tended to indicate “multi- 

| 85 exposed Saccharo 
| Lacasagne 

Casionalfy 800 and 3800A and foun 

aulverie Th 
Sly coger 

petween 2 

sheir SUSCeP 
and others ex 

Freic power of reproduction. 

“noted the production of some giant cells. Pao 

fen the work © ractically no clumps of cells A sr saree sities in cell  cerevisae een with a microscope revealed certain sae during which 
Beth and Padua There was cae Sats sitet a wave-lengths grow a id not be formed, after irra iation ‘aole cells of normal size Sipemal colonics cou died. There could be distinguished single ce lly from three 
| (2225 to 31324) stu ee a le cells of giant size, two-cell groups usually tn dal ates 
and not visibly altered, a ‘mal two-cell groups and more spherical rant SR 
‘to eight times the size of no! 1; rocess constricted at intervals along 
a a nee Sede era Bee which fa ve Ae anes eae anes 

~ Jength, T 
: ar - a 

. Eo on to furnish et : eae cache oy sities show little seamen . 
retarded in their see Aa a definite, measurable retardation in pareve she 

giantism. At all ana of culture formation could be demonstrate oh aitdent 
| as based upon the crt oi at a rate roughly proportional to the Fae energy of the colonies aautecetits the percentage of inhibition and the ae d of expo- 
Bei to te dogaridanié over the inhibitory range. When the pe - appeare 7 

: daughter cells eee 1 to form two or more dat bite 
bility of the yeast cell to + afl yatta 

Oe scot cxicat inhibition of eee ane Bais ce Aree een 
rather tha ich bud at least tw £ cells whic : rves 
a ‘sri pee eon of several wave-lengths shorter than 2900A cu 

ber of expose 

lethal effects. 

for al The curves revealed that 

Balied before any of the cells were 

] 753 (1936). 
: 

Adee De Get Physiol., 19, ie er 

ee cae ; Be Ue ogem, (Abt. II), 91) 65 (1937); Chem. Abs., 32, 
8tTLehner, A., Zentr. “3 

. 190, 524 (1930). 

c ee A ee, oe J., Radiology, 17,:1171- (193F). 

86 Wyckoff, 5 Ree hs 

81 Oster, R. H., J. Gen. Physiol., 18, 71 pea 

olet light, they 
o the Organis “a 

Among themselves pag. 
variations of resistanee 
riations for the differen. 

Nogemi 7” finds that Es. coli, streptocoeg} 
y and that the tubercle and anthrax bacill; 

In general spores are somewhat more resistant than vege. 

abortus, sterilizj o 

ntaining 
d within four minutes by the absorption of 
tered radiations of the quartz mercury are, 
ergs per sq. cm. per second for 25 minutes 
alities of these organisms. When fixed by. heat and irradiated for 5 to 25 minut es, the bacilli showed changes indicative of disintegration, since irregularities were observed on staining by the Ziehl-Neelsen method. 

| Akiyama 81 claims that Es. coli, Sal. typhimurium and staphylococci in salt: solution are more resistant to ultra violet light when sensitized with their own specific serums than when treated with heterologous immune serums or with normal. serum. The bacteria treated with the globulin fraction of the specific immune _ serums are more resistant than those treated with the albumin fractions of the same serums. 

Bacteria killed by 
toward laboratory test 
ing characteristics,82 

a 

ultraviolet light lose a considerable part of their toxicity 
animals, but completely retain their antigenic and immuniz-_ 

1 wave-lengths studied the energy which had to be 
. f that required 

*® Beauverie, J., Compt. rend., 199, 81 (1934). 
‘tied was approximately 8 per cent o 76 Browning, C. H., and Russ, S., “Applied Physiology,” p. 150, Oxford University Press, 1918. L ™ Nogemi, Y., Kitasato Arch. Exp. Med., 10, 135 (1933). 78 Lagerberg, O., Z. Immunitiéts., 28, 186 (1919); Chem. Abs., 13, 2385 (1919). 7 Morales-Otero, P., Puerto Rico J. Pub. Health & Trop. Med., 6, 1 (1930). 80 Mayer, E., and Dworski, M., Tubercle, 13, 500 (1932). 81 Akiyama, M., Set-ikai Med. J., 54, No. 5,:840 (1935); Chem. Abs., 30, 3018 (1936). a DP Pots iy Vat Liss Sviridova, T. A., and super, L. -P.,. J, Microbiol., Epidemiol., Immunobiol., 15,— 519 (1935); Chem. Abs., 30, 4531 (1936). 
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: idly on a, ° of which a fresh colony was placed. ae erew more rap y to kill all the cells. Between 20 and 30 per cent of the cells do not SUTVive ag e epiac® injured cells than on agar above normal cells. exposure relatively short in comparison with that required to suppress buddin ter Eat abov of the cells. The remaining 70 or 80 per cent require from 70 to 80 | 
5 to alter 

, ‘des by irradiation of yeast cells. Abderhalden aie Soe oe 

tly the course of alcoholic fermentation due to yeast c 

energy required to kill all the cells. The last 2 or 3 per at a slightly lower rate. Cells irradiated with small amo lower rate of budding wit 

cent of the cells are aft. 
unts of energy show 4 &e 

h a longer initial lag period than that of the typical ou curve of normal cells. The age of the cells has a marked infl i i macerated juice, or ergo- 
uence upon the; Sroy NP jcoholic extracts of aa sae ees ce oe ee sce ee 

IF racj W 7 
if 

| 

from 20 to 50 per cent more energy being required to produce a given effect ona ala 4 iL Woodrow, Bailey and ce guage Cpe te oat Oster 
day culture than on 24-hour cultures. In the former, a greater proportion of th tee ste duces 4 non-volatile toxic ma foceaengrh ices serie ee 
is in the resting stage.® © cel] prodt BME to detect any. toxic Shae ick 

The temperature coefficient is low, about 1.06 to 1.1, in agreement with that obte: as 0 
by Gates on bacteria. The irradiation effects are exerted directly upon the 1 etal we diation. 

‘ out 50 per ince irradiati Sanisn ‘ and Vermes 97 claimed to have observed an increase of ab Pp Since irradiation of the malt-agar medium for periods from five minutes to tw SI an had no effect upon the growth of organisms su : ; iati ber. hop urany? 2 during irradiation. Oster, bsequently planted in it, For intl a 1 7 in the oxygen consumption of set ‘s Er ganas samen until more 
variations up to 30 per cent, the rate of absorption of photons by the cells diq 13 cen could detect no observable effects markedly affect the lethal action. , N¢ ies did not 

0. er cent of the organisms had been so affected that normal colon 

i : i equent growth. : = 
- eecrcch $8 ey ware light to have no Meus on te le 

aa true for very small exposures me 
of yeast — Bence aie medium doses the number of cell ghieae 

a this was followed by a temporary rise and a new Saag ds pene: 

me the east appeared slightly vitreous and ‘i cee! igs 300 and 4000A at ell ine appeared. Irradiation by the region between 2300 a otency.%? 
Bie absence of oxygen may be used to secure yeast cells of uniform p if in A an. ioxide 
E: tation. Zeller 1° found sunlight to inhibit rere ees ee ests ee " fter a temporary slight stimulation. Guerrini “"" inocula . ht and he ‘ ae solutions and incubated the cultures in darkness, in Serie find Sper ae Beales red, green, yellow and blue screens. He ae ee 
in light. & £ carbon ionic to be greater in cultures exposed us - were 
oo nee In general, the greatest quantities of carbon ee “ee - 
iy Fai li ht the next greatest in yellow, then in green oe fe nd that 
; produce in ae fa x ie practically no carbon dioxide. Murakam1t ie sea 
; pee eS tation of koji extract the production of alcohol ee he wave- in the fe. e-length longer than 6200A, increasing in general wit h b tween ee bent bh hae pie of aldehyde was obtained under wave-lengt = “ Ww =] 

as d SA00A Acetal was produced abundantly under a white light. tatile ae a f olatile acid was greatest in darkness and that of pier higher meion 0 ie let to yellow light. The production of esters was ata y. peal 

face “ight ri longer wave-lengths. There have been a number of claims 

ultraviolet light increases the fermentative power of yeast. 

Attempts to determine the absorption spectrum of yeast failed to give Satisfacto results. Flowever, an application of the method of Gates of plotting the TeCiprocalg q the energies required to cause death in 50 per cent of the cells against the Wave-leng¢ employed, gave results similar to those reported by Gates for bacteria. The Necesgar. energies ranged from 457 ergs per sq. mm. at 2652A to 23,500 ergs at 3022A, or roughy five times the energy range for Staphylococcus aureus. 

From the individual survival-ratio c nt energie, applied, Oster calculated (by a method devised by Curie,8® which differs some what from that employed by Wyckoff), the number of quantum-hits necessary t kill at various wave-lengths. The results indicated a “multiple-quantum hit-to-kijy relation, the minimum number of quantum hits varying from about four to abou six, The shape of the curves was believed to suggest that other factors tha, single quantum hits on several molecules are involved, as suggested by Rahn, 9; multiple-quantum hits on a sensitive volume eleme | nt, as suggested by Wyckoff and Luyet. 
. Stimulation of Yeast. There have been many attem 

of yeast growth by irradiation by ultraviolet light. 
wave-lengths somewhat longer than the lethal ones 
bourow and Cameron, who reviewed the literature,® 
detect such an action, and this is the generally accep 

There have, however, been suggestions that suble 
lethal wave-length range may produce injuries of 
products capable of stimulating the growth of other 
and Duggar 91 observed that cells from the 10 per 
irradiation in isotonic salt suspension by the 2650A 
transferred to salt solutions (single or balanced) 
died. Fardon, Norris, Loofbourow and Ruddy 
stimulate the respiration of other cells are produced in cells injured by ultraviolet light. Subsequently, these observers 23 devised a method for demonstrating the formation of growth-stimulating substances in the injured cells. The active sub- stances were allowed to diffuse from the injured cells through an agar gel upon 

urves plotted against the incide 

pts to show the stimulation 
Some authors believed that 

have such an action. Loof- 
° were themselves unable tO 
ted conclusion. i 
thal doses of radiation in the 
the cells by virtue of which 
cells are formed. Hollaender 
cent which survived a certain 
rays increased in number when 

6 ‘ in which normal control cells ays 0 ems. of dextrose gave 119 cc. 0 ced in cells injured by rag ea Gi Dd Ro ander rae radon 28 cr in the sam 
carbon 

; 30, 4898 (1936). 1, No. 1 (1935); Chem. Abs., 30, i ., Ann. Acad. Sci. Fennicae, AAl, 5 1113. (1927). i eee E., Fermentforsch., 9, 195 (1927); Brit. Chem. aa ro (1927). der WT Bailey, A. C., and Fulmer, E. I., Plant Physio z a Weed ero ics ay 
ond Veriute M., Magyar Orvosi Arch., 30, 585 (1929); Chem. gts uranyi, G., , M., 

ieri ., and Giordano, G., 
i Czech, L., Protoplasma, 27, 313 (1937). Note also Palmieri, G. G., a 

*8 For comparison with the effects of x-rays aera 
at various stages of the reproductive period, see Lacasagne, A., and Holweck, F., Compt. rend. so 527’ (1930); h : , Abs. 277-1871, 933): ' 

6): Stapuwass, 2.8. be tnd Hope, by ee se ha CN, 2 ee oer U. 8. P. 2,099,025, Nov. 16, 1937; Chem. Abs., 32, Compt. rend. soc. biol., 103, 60 (1930); Strangeways, T. S. P:, and Hopwood, F. L., © Light, R. F., Frey, C. N., and Patitz, G. J., 
Proc. Roy. Soc., 100B, 283 (1926); Holweck, F., Congress Intern. Elec., Paris, 10, 1 (1932). 300 (1938). ; 1, 45 (1926) 

1931) 

* Curie, M., Compt. rend., 188, 202 (1929). , 100 Zeller, H., Biochem. Z. M7 ; “7 a i ee en ee arty | °° Loofbourow, J. R., and Cameron, J., Bull. Basic Sci. Research, 5, 33 (1933). | OE cccini G., Boll, soo. ital, biol: sbev., 
*1 Hollaender, A., and Duggar, B. M., J. Bact., 33, 16 (1937). 

195 

( )% C. I 9 

A 1686 (1923). J. Cs EB ae as septs YC ag ers sre ag Se t ties eet ra 103 Lindner, P., Woch. Brau., 39, 166 (1922); Chem. Abs., 17, 
ronita, M., Studies Inst. Divi Thomae, 1, 17, 41 *8 Sperti, G., Loofbourow, J. R., and Dwyer, C. M., Studies Inst. Divi Thomae, 1, 162 (1937). 
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The light-sensitivity is very much smaller than in the case of the carbon 

‘ a combination with the enzyme concerned with respiration. The carbon 

E. compound of the enzyme concerned in the butyric acid fermentation 
| Eethin the special range 6500 to 3660A. et 

hotocatalysts in the fermentation of lactose by Es. coli is stimu- 

period ** De Fazi * claimed to have observed a stimulation of growth and 1 
of yeast. His investigations involved in some cases irradiation of the Wate Sam 
dissolving the sugar to be fermented rather than of the yeast or ferment; 7 Se 
Even under the former conditions, some stimulation was stated to occur ng Mix 
claims have been made by Sanzo and Pirrone. Also, 7 

Owen and Mobley *” have reported that exposure of yeast to ultraviolet 1j its th and its f t light inope phe action of P : h ieaptde. | ea giweooa pow An exposure of one minute to radiations of a _ , inhibiting according to the quantity and quality of the catalyst. 
engths O gave the greatest stimulation, but an exposure of ~ i ° icti had the opposite effect. Since Pe similar stimulation could Be brought all iin wfolds- Reports on molds are conflicting. Some Wore Sil that mie 

believed, by the irradiation = OU Mo osure to ultraviolet light without much difficulty. Others report 
of sterilized molasses wort, they did not attri > a 

Jation to the death of harmful contaminating n lerdanae dinars Beckwith ate a Sti 
exposed a 36-hour culture of purified brewers’ yeast in a layer 1.15 cm. thick 1oVick 
violet radiations for 1.4 seconds per cc. Of the irradiated culture, 125 ce. wel ul 
to 1600 cc. of sterilized beer wort and incubated at 28°C. for 32 days. Alcohol fot ad 
was at first depressed, but from the 9th to 32nd days exceeded that in the “eal 
Irradiation of the wort alone was without effect. Marmeli and Baratto 2 find tha it 
mentation may be accelerated by addition of small quantities of such substances as a 
acid, B-carotene, acamnine, adenine, phytin or inosine. The effects were claimed ai 
enhanced by previous irradiation of these substances. ‘9 

Tanner 110 found ultraviolet light to have only a depressing action on fer 4 
tation, whether the yeast, the fermenting culture or the glucose broth Was 3 
subject of the irradiation. According to Reynolds and Wynd,111 the inhibition 

ek olds are killed by ordinary exposure only when present in very small 

‘ a Some molds have protection in the form of fatty or waxy secretions. 

punts. may shield the mold from some radiations. 

pene and Coblentz 118 exposed spores of 27 species of fungi for one minute 

Be olet radiation from a mercury tungsten arc at a distance of six inches. 
. complete killing of the spores of 16 species and a survival of less than 

a Et ‘1 four species. It was hoped that this process could be applied to the 
a bo molds and fungi on oranges. Such a dosage caused no injury to the 

: The limitation of the method, however, lies in the fact that the rays do not 

ait ficiently beneath the surface to afford complete disinfection of the 
etrate su 

- 

Tl Ad 

Eeetio by radiations between 3000 and 2500A is a specific effect independe Bion Weston 119 finds the spores of Puccinia graminis tritici to be killed more 
* general injury to the cells. Von Euler and Swartz 112 believed the efficacy a when irradiated in water than when irradiated dry. The white and orange 
u traviolet light in accelerating the synthesis of organic phosphoric esters duri; asv'y ens of certain physiological forms of the fungus are more susceptible than 
fermentation to be doubtful, although the inorganic phosphate is decreased. as red and gray ones. The pigments of the spore walls probably have some pro- 

: q Sibilia 129 believed that ultraviolet rays activate the germination 
ence of yeast cells was accelerated by irradiation with red light for thi : ve action. we ; ite, bacwet 

but white, green or blue light had little effect. Similar oie were La . — Puccinia coronifera of oats and P. triticina and to a 

cate im also in the glucolysis of glucose or fructose by guinea pig sery eit Be ends tie death of Fusarium spores exposed to ultraviolet light at 
rradiation of ox serum for five hours did not alter the reducing power or conte a ' ch ‘dl h 

: ; nte be tures to take the form of sigmoid curves which rapidly approac 
of inor . Prt yaear: 3 ifferent tempera sig 

lediciig power without alisting the inorganic plesotorde a Bs os soec 11, bat between 40 and 80°C. fis 137. ; oeffici Seer UY ut between an it 26 dar. 
The effect of carbon monoxide in inhibiting the anaerobic fermentation. Be tecon a a ie the oe aaa region to be highly destructive to the 

tetanus or ili is i i ' aa a : : : ; ‘ ; ° 

Sthicé oily the conibinitlon of cavbon sacnosite Witt aa irom tomeocha a Epperlayers of the mycelium of the fungi, Coliybia dryophila, Sclevotinm babacicte, 
| issu nd Lacia. ocalized and did not exte 

ated by light, the fermentation enzyme of these organisms must be an iron catalys BS ieraginiet cays aunt: et ac Vitaglass had a more injurious 
In the case of an anaerobic butyric acid fermentation process, Kempner and Kube rc h ‘ne the Cornine filter 980A. Those passing through Cello- 
witz 145 could demonstrate a similar ph ly at 1 1] i alin arian aaa de ai ley -=e phenomenon only at low temperatures alga ghane were intermediate in their action. According to Ramsey and Bailey, 

irradiation by a quartz mercury arc stimulates spore formation in cultures of 

Macrosporium tomato and Fusarium cepae.1* 

_ Viruses and Bacteriophages. According to Baker and Nanavutty,"° the 

bacteriophages are about as susceptible as the bacteria to irradiation, and the rela- 

According to Keeser,™8 glucolysis of 0.1-per cent glucose solution in the pig 

can be completely and reversibly inhibited by carbon monoxide, light destroying tt 

104 See _ also Séhngen, N. L., and Coolhaas, C., Woch. Brau., 40, 187 (1923); Chem. Abs., 1 
1030 (1924); Rennhard, A. W., Compt. rend. soc. biol., 89, 1080 (1923). | 

10 De Fazi, R., Ann. Chim. Applicata, 4, 301 (1915); 6, 221 (1916); 8, 93 (1917); Chem. Abs., il 
950 (1916); J. Ind. Eng. Chem., 13, 265 (1921); Atti R. Accad. Lincei, 5, 344, 901 (1927); Brit. Cher 
Abs., A, 592, 1113 (1927); Chem. Abs., 21, 2045 (1927). 

106 Sanzo, L., and Pirrone, F., Atti Accad. Lincei, 13, 613 (1931); Chem. Abs., 26, 2990 (1932). 
107 Owen, W. L., and Mobley, R. L., Zentr. Bakt. Parasitenk., Abt. II, 88, 273 (1933); Chem. Abs 
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108 Beckwith, T. D., and Donovick, S. E., Proc. Soc. Exptl. Biol. Med., 35, 36 (1936). q 
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9 Dillon- JR, Sci. ., 12, 81 (1931); Chem. Abs., 26, ; Dillon- 
W. Be tains. E T en tees, 20. 589 (1930); Chem. Abs., 25, 2233 (1931). ) 
120 Sibilia, C., Boll. staz. patol. vegetale, 11, 115 (1931); Chem. Abs., 26, 1958 (1932). 

121 Smith, E., Bull. Torrey Bot. Club, 62, 45 (1935); Chem. Abs., 29, 1130 (1935). 

#2 Johnson, F. H., Phytopathology, 22, 277 (1932). 

Ramsey, G. B., and Bailey, A. A., Bot. Gaz., 89, 113 (1930); Chem. Abs., 24, 3261 (1930). 

See Hutchinson, A. H., and Ashton, M. R., [Canadian J. Research, 3, 187 (1930); Chem. Abs., 
23, 315 (1931)] for the action of various mercury lines on the fungus, Colletotrichum phomoides. 

os Baker, §. L., and Nanavutty, S. H., Brit. J. Exp. Path., 10, 45 (1929); see also Appelmans, i. 

Arch. Intern. Pharmacodyn., 27, 95 (1922); Chem. Abs., 17, 1978 (1923). 
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tive efficiencies of various spectral regions are about the same as f 
Mizuno 1°6 found the destructive action to vary with the medium, bej 

q 

or Bae . ” e in the greatest dilutions, one in fifty million. It was pointed out that 

broth, moderate in water and strongest . weak Be. .tion of rabbit skin by short wave-lengths after the application of active virus 
Hie ee es ae Bg ecu ee ee ; at Pacteriopha ee eight hours of the inoculation) reduced the number of pustules produced, 

staphylococci, and dysentery.128 The ultraviolet absorption én ae 1 ; Chole pe 9 effects could be observed if the irradiation was given after sixteen hours. 

has been eeaatred by Suerte ak Mann and Berry ne :: acteriophas ©: the injection of methylene blue intravenously, irradiation modified the infec- 

The work of Rivers and Gates 139 jndi : wy eas q even when given 24 hours after inoculation. With light of longer wave- 
hag atte oe aac ta eee Cee vacci is no modification could be produced by irradiations made later than seven 

| rea nds ¢ | lation, even in the presence of the dye. The same effect was 

ae = soa ea h disease to be destroyed after five minutes of exposure ours oe tee iaedeo hours ae aCe with the best source 
Itrates to the radiations of a quartz mercury arc in quartz vessels. Ajgg sptained W fa sid, 72 cee iAGediaien 

virus 1s inactivated after thirty minutes if the rays are filtered through Vitaglee ¢ ultraviolet ight use ours a ino ; 

In ordinary glass there is no lethal action. . 
The tobacco mosaic disease virus is similarly inactivated,1#2 unless it has na 

trated plant tissue. Stanley 183 finds 0.5-per cent solutions of the crystallized "a 
tein of this virus to produce (when irradiated for eight hours by the unfiltered 4 
of -2 quartz mercury arc) an inactive protein which retains certain chemical il 
serological properties of the original. However, the protein no longer js ca a 
of producing either the mosaic disease or a high molecular weight prota 
inoculation into Turkish tobacco plants. Neither does it cause local lesions 4 
N cotinea glutinosa. The product may be crystallized from solution but the ony 
is more opalescent and more readily denatured than before irradiation. Its ~ 
diffraction pattern, isoelectric point and optical rotation are unchanged N 
marked change in molecular weight occurs, although the homogeneity of the Ta 
cules is decreased. The serum of an animal previously injected with the irradiate 
product has a neutralizing effect on the original virus. The survival-ratios durig 
irradiation follow a simple exponential curve, the rate of the inactivation dependin 
upon the incident energy, according to Price and Gowen.124 The absorption spe 
trum of the crystalline virus differs from that of other proteins in having i 
absorption maximum at 2650A.1%5 This suggests that the compound is a nucle 
protein, and for this there is independent chemical evidence. This suggestion 
interesting in that it points to the conclusion that viruses, which lie on the borde 
between the living and the lifeless, appear to have nucleic acid as a componen 

Other viruses found to be inactivated by ultraviolet rays include those of herpe 
and encephalitis,1°° influenza,!87 and crystalline tomato bushy stunt virus.138 q 

It has been shown by Herzberg 1% that certain dyes can sensitize the vaccin 
virus to visible light. Only the thiazine, acridine and thioxanthone dyes wer 
stated to have this property. At a dilution of one in a million, methylene blu 
and thiopyronin acted the most rapidly, sensitizing the virus within twenty t 
forty seconds. For exposures of an hour the acridine dyes were found to be 

2300 2400 2500 2600 2700 2800 2900 3000. 3100 Be 2200 
‘ie 

Ficure 136. Radiotoxic Spectral Sensitivity of Chiorella vulgaris to Ultraviolet Rays. 

(From Meier, Smithsonian Miscellaneous Collections. The abscissae are wave- 

lengths in Angstroms. The ordinates are relative lethal effectiveness in arbitrary 

units. Black line, smooth curve; dash line, actual values; dotted line, curve obtained 

by Meier, 1934). 

Algae. Lami 14° found that ultraviolet irradiation of the alga, Bonnemasonia 

‘asperagoides, causes liberation of iodine from the gland cells. In the case of 
Euglena, Swann and del Rosario 141 found that in killing by «-particles, death was 

caused by a single impact with some sensitive entity of the cell, the size of which 

‘was about equal to that of the nucleus. In experiments with ultraviolet light, it 

appeared that the cells did not cease to die the moment irradiation was stopped, 

‘some cells apparently being affected in a manner which produced death some time 
later. Attempts were made to utilize absorption data on different parts of the 
cell to compute the volume of an assumed sensitive entity, on the assumption that 
the probability of reaction following absorption of a photon is unity. Attempts 
were also made to calculate the probability of killing on the basis that the volume 

of the assumed sensitive entity is that of the nucleus. 
Meier 142 reported that the unicellular green alga, Chlorella vulgaris, is not 
killed by wave-lengths longer than 3022A. In subsequent work,!*? she irradiated 

126 Mizuno, K., Japan. J. Med. Sci., Bact. & Parasit., 1, 52 (1929); Chem. Abs., 23, 5485 (1929). 

127 McKinley, E. B., Fisher, R., and Holden, M., Proc. Soc. Exptl. Biol. Med., 23, 408 (1926). © 

128 Levaditi, C., and Voet, J., Compt. rend. soc. biol., 120, 385 (1935); 1936) 
see also Hallauer, C., Z. Infektionskrankh., 117, 18 (1938). a 9), Cham. dbs. 20, Tan q 

129 Sandholzer, L. A.,, Mann, M., and Berry, G. P., J. Bact., 33, 17 (1937). 

130 Rivers, T. M., and Gates, F. L., J. Exp. Med., 47, 45 (1928). 

181 Galloway, I. A., Brit. J. Exptl. Path., 9, 326 (1928). 

182 Arthur, J. M., and Newell, J. M., Am. J. Bot., 16, 338 (1929); 15, 623 (1928). 

183 Stanley, W. M., Science, 83, 626 (1936). 

184 Price, W. C., and Gowen, J. W., Phytopathology, 27, 267 (1937). 
185 Lavin, G. I., and Stanley, W. M., J. Biol. Chem., 118, 269 (1937). — 

186 McKinley, E. B., Fisher, R., and Holden, M., Proc. Soc. Exptl. Biol. Med., 23, 408 (1926). 
187 Wells, W. F., and Brown, H. W., Am. J. Hyg., 24, 407 (1936). 
188 Bawden, F. C., and Pirie, N. W., Brit. J. Exptl. Path., 19, 251 (1938). 

189 Herzberg, K., Z. Immunitits, 80, 507 (1933); Chem. Abs., 28, 5126 (1934). 

40 Lami, R., Compt. rend., 191, 863 (1930). 
141 Swann, W. F. G., and del Rosario, C., J. Franklin Inst., 213, 549 (1932). 

2 Meier, F., Smithsonian Misc. Coll., 87, No. 10 (1932). 
143 Meier, F., Ibid., 92, No. 3 (1934); 95, No. 2 (1936). 
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agar plates and inoculated them. As normal growth resulted, 
radiations lethal to the organisms did not affect the medium in any wa 
erate or retard growth. She then made a number of exposures of pla 
lated two to five months previously) behind a spectrograph for varioys 
from a few seconds to several hours and noted the regions in which dee 

areas became evident at intervals of from a few days to two months ¢ 
The lethal radiotoxic threshold for wave-lengths 

lies between 100 and 120 seconds for intensities of 1960 and 1840 ergs per g 
per second, respectively. Assuming the Bunsen-Roscoe law, for 1000 e 
q. cm. per second, the exposures required for 2652A would be 220 secon 

Similarly, the results at a number of other wave. 

she concludeg , 
y to ac 

Olorj, 
Olloy:. 2652 and 29 

for 2804A, 206 seconds. 

ll Mrmmm.attlldr... a 
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Ficure 137. Radiotoxic Virulence Determined from Chlorella vulgaris. (From Meie 
Smithsonian Miscellaneous Collections). The abscissae are wave-lengths in A 

The ordinates are radiotoxic virulence in arbitrary units. 

were reduced to this common intensity and plotted in Figure 136 which shows a 
maximum lethal sensitivity at about 2600A. (Note similarity to the observations 
of Gates on bacteria.)4#* At the suggestion of Dr. C. G. Abbot, she introducec 
two new terms: radiotoxic spectral sensitivity and radiotoxic virulence. T 
former related to the certainty of the lethal action and the latter to the quickness 
of the attack. The distinction was drawn because death ensued much more quickly 
after irradiation in some spectral regions than in others. 
toxic virulence are included in Figure 137 and show an alternate waxing amt 
waning with decreasing wave-length and a high maximum at 2323A.145 | 

The data on the radio 

144 Note also Duggar, B. M., and Hollaender, A., J. Bact., 27, 219 (1934); Lucas, F., Bell System 
Tech. Publ. Metallurgy Monogr., B 792, 1-47. 

145 For effects of portions of the visible and ultraviolet s 
Am. J. Botany, 25, 431 (1938). 

pectrum on cells of the prothallium of ferns. 
see Charlton, F. B.. 
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‘pigher Plants. Hertel examined leaves of the aquatic plant Elodea cana- 
ander a microscope with a quartz condenser and illuminated with light of 

i. The streaming movement of the granules in the living cells ceased almost 
eediatcly- | : 
a work relating to the lethal effects of ultraviolet light on plant cells has been 

awed by Delf.146 That single exposures may produce severe reactions was 
e M astrated by Maquenne and Demoussy in 1909, Kluyver in 1911, Ursprung and 

a sn 1917, and Stoklasa in 1911. In Kluyver’s experiment, exposures at 40 cm. 

. mercury-vapor lamp for two and a half hours showed no immediate effects 

BE eaves of Aucubus. Subsequently, however, the epidermal cells died, turning 

a in all leaves which had been exposed for forty minutes or longer. A cover 

ass protected a leaf from lethal effects over an exposure of twenty hours, indi- 

Bing that rays of 3000A or longer do not have a directly harmful effect on the 

Bont. The red pigment of Begonia was destroyed by illumination for two and a 

palf hours. : 
~ According to Ursprung and Blum, in Pelargomum the white parts are more 

resistant to ultraviolet than the green ones in the variegated leaf but in Vicia faba 

the opposite seems to be true. In general, it seems that the guard cells of the 

somata are the most resistant of all the epidermal cells. . The epidermis, and 

especially the cuticle, appear to absorb ultraviolet light, the cells being destroyed 

py the irradiation although the tissues below appear unharmed. Russell and 

Russell showed that cress seedlings grown on muslin were stunted by mercury-are 

jrradiation and that those irradiated for periods as long as twenty minutes daily 

were shriveled in appearance.147 ; : 
# Delf, Ritson and Westbrook 148 tested the effects of very short daily exposures 

to the mercury arc upon a variety of plants. In general, they noted delayed ger- 

‘mination, retarded growth and stunted habit of the seedlings and a partial inhibition 

‘of leaf development, especially of the lamina. In some cases there was a darker 

green color and in one case a loss of anthocyanin pigment in the lamina. With 

Jonger exposures, older plants showed a promoted leaf fall, and retardation of 

flower formation and of the opening of previously formed buds. In these cases 

‘the exposures were from two to ten minutes repeated from four to eight times 
‘daily. With exposures of thirty seconds or less the results were different. In 

| ‘one case, flowering of Pelargonium seemed to be promoted, in another the leaves 

of the irradiated plant ultimately surpassed those of the control in size; and in a 
‘third case, after a month of thirty-second daily irradiations at a distance of eight 
feet, there was a permanent and very favorable after effect in Trifolium. In the 
plant Voandzeia, exposures of five minutes daily led to definite anatomical changes 

during development, such as a reduction in the total thickness of lamina, develop- 

Perig 

q. 
8s D 

ds a, 

lenge, 
8 

a 

ai 

“mechanical tissue and collapse of the cells of the upper epidermis followed by the 
withdrawal of the chloroplasts from the upper parts of the palisade cells. Martin 
and Westbrook 149 made histological examinations of leaves (Pulmonaria or 
Aucuba) at varying periods during irradiation. Lethal changes were first evident 
in the epidermal cells in the nuclei which coagulate, darken and become disorgan- 
ized to one or more irregular masses. Later the cytoplasm becomes finely granular 

The 

“8 Delf, E. M., Brit.. J. Actinotherap., 2, 106 (1927). 
_ 47 Kluyver, A. J., Siteb. Math. Acad. Wiss., Wien., 120, 195 (1911); Chem. Abs., 6, 3108 (1912); 
Ursprung, A., and Blum, G., Ber. Deut. Bot. Ges., 35, 385 (1917); Russell, E. H., and Russell, W. K., 
Ultraviolet Radiation and Actinotherapy,’? New York, Wm. Wood, 1925. 

M8 Delf, E. M., Ritson, K., and Westbrook, A., Brit. J. Exptl. Biol., 5, 138 (1927). 
49 Martin, B. T., and Westbrook, M. A., J. Exptl. Biol., 7, 293 (1930). 

‘ment of more compact mesophyll with smaller and fewer air spaces, reduction in _ 
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and rapidly darkens. For small doses the reciprocal of the latent period for al yet), and in their controls took into account the period of the growth curve 
heli: is proportional to the dose expressed in Clark lithopone units, but " pave specimens were taken. They believed that certain frequencies in the 
: mee rere pte ae make us latent period very short. During irra dia Be iow and near ultraviolet regions stimulated growth, and the green rays as 

hich es oe elicient was about 1.1, but during the latent Period ie dy ultraviolet rays shorter than about 3000A retarded growth ot killed the 

gher, trom 1.32 to 2.9. q ell ” affects were different during the early and later portions of a 24-hour 
on in some cases. 

ae Ipatov and Nastyukova 161 find Paramecium caudatum twice as susceptible to 

, etimulating and depressing actions of radiations as Paramecium bursaria, which 

pe © green symbiotic algae. After the latter had been kept in darkness until the 

Gilles,"°° states that the germination of lentil and turnip seeds is accel B a 
Tat “14 {la but their growth is somewhat retarded by mercury-are irradiation. 

Protozoa. There have been comparatively few investigations of the aa 
of ultraviolet light on amoebae.15! Heilbrunn and Daugherty assumed thai ; a Sins ai 
violet rays cause first a breakdown of a calcium gel in the cortex followed ost their color, the two species were equally susceptible. The addition of 

ia entry of this calcium into the interior where it produces a preliminary }; E Igat olytes which induce swelling in colloids decreased the resistance of the organ- 
action followed by gelation. According to Black 452 media which favor m ty pect let rays and those which shrink colloids made the organisms more Bis to ultravio 5 

° ejctanit 162 Increase in viscosity produced by an electric current increased the 
esl L ° ; 

asistance and decreases in viscosity produced by chloretone decreased resistance to 

radiation. ak 
- A latent period of several minutes to hours between the cessation of irradiation 

: pP bursaria and the death of many cells has been emphasized by Tang and 

4 wy, 283 who have discussed the effects of the age of the organisms upon the con- 

Be of an empirical equation for the survival curve.16+ Tchakhotine,® by 

as of an ultramicroscope, observed the flocculation of cell colloids by the 

passage of a sharp pencil of ultraviolet light into the cytoplasm of amoebae, para- 

mecia, spyrogyra and other organisms. Localized flocculations of cytoplasmic 

proteins cannot be obtained. Nuclear substances change in dispersion but do not 

precipitate. ? 3 : ; : 

" Eggs, Embryos, Lower Animal Forms. The oocysts of Eimeria tenella, if 

wnsegmented, suffer a 100 per cent mortality after a ten-minute exposure to a 

temperature of 53°, 15 seconds at 60° or to three ‘quarters of a zinc sulfide unit of 

‘ltraviolet light.16° 
Lillie and Baskerville 167 found that exposure of unfertilized eggs of Arbacia 

to ultraviolet light for five to fifteen minutes caused membrane formation and 

‘cytolysis. The treated eggs, unless overirradiated, showed the usual increased 

susceptibility to hypertonic sea water. Even when the radiations had been too 

weak to produce membranes, the susceptibility to hypertonic sea water was 

increased. Hinrichs 168 found that regions of high physiological activity were 

modified first in development by radiations. These regions were also the first to 

‘recover from slight injury. Irradiation of the sperm reduced its motility, delayed 

cleavage and interfered with the normal development of the zygote. Loose sperm 

suspensions of Arbacia lost their fertilizing power more rapidly on irradiation than 

concentrated ones. The sperm was agglutinated. : 
Klugh 169 used filters in comparing the effects of various components of sun- 

light on a series of seven marine organisms which differed widely in their response 

otilj tend to exert a synergistic action with the rays (2540A) in decreasing motility 9 
producing cytolysis. 

Paramecia have been studied under radiations. © Hughes and Bovie 1453 op ; 
cytolysis in this organism under ultraviolet irradiation. Harris and Haul 
employed paramecia in their work on the significance of the aromatic amino a J 
to which allusion has been made. Bovie and Daland 155 found the short all 
the fluorite region to render Paramecium caudatum so sensitive to heal ' 
amounts of heat insufficient to affect non-irradiated cells become lethal. Loni 
exposures to these rays caused death directly.156 Bills 157 found that sunli nea 
not indirect daylight, inactivates these organisms. a i 

Weinstein § has given a curve (see F igure 134) for the relation between ¢ 
wave-lengths used and the lethal action. It differs considerably from the analo J 
curves for bacteria in that the longer wave-lengths show greater effectiveness : 
the case of such large cells there is some evidence to show that an optimum leth 
action may occur closer to 2800A, the position of the maximum absorption t 
proteins, than to 2600A, that of the maximum absorption by nucleic acids, Leia 
ton and Giese °° have criticized the long wave-length limit indicated in the cul 
of Weinstein. They found that, although doses of only 16,500 ergs per sq. mr 
sufficed to kill paramecia at 3025A within 24 hours after the irradiation fat ore 
dosages of the wave-length 3130A were ineffective. Doses as high as 191,000 t 
200,00 ergs per sq. mm. had little if any effect. Weinstein had reported that th 
organism is killed about one-ninth as readily at 3130A as at 2654A and one-hal 
as readily as at 3025A. Leighton and Giese attribute Weinstein’s results to th 
presence of stray radiations, possibly the result of scattering within the quarts 
prism, in the light assumed to be of the wave-length 3130A. In general Leightor 
and Giese found that to produce vesiculation (their criterion of death) i 50 pel 
cent of the cells, a large number of quanta, 1013, must be absorbed by each 
paramecium. | 

Hutchinson and Ashton 160 employed monochromatic light (both visible ane 

161 Alpatov, V. V., and Nastyukova, O. K., Proc. Soc. Exp. Biol. Med., 32, 99 (1934). 

182 Alpatov, V. V., and Nastyukova, O. K., Compt. rend. Acad. Sci, U.R.S.S., 3, 595 (1934); Chem. 

Abs., 29, 2182 (1935). 
fans, P. S., and Gaw, H. Z., Chinese J. Physiol., 11, 305 (1937); Chem. Abs., 31, 4728 (1937). 

16 Farly observations are due to Dreyer, G., Mitt. Finsen’s Lichtinstitut, 4, 81 (1903); 7, 98 (1904) ; 
We E., Z. Allgem. Physiol., 5, 95 (1905); Sonne, C., Arch. Phys. Therap, X-Ray, Radium, 10, 

as 929). 
16 Tchakhotine, S., Compt. rend., 200, 2036 (1935); Chem. Abs., 29, 587 (1935); Boll. soc. ital. 

biol. sper., 4, 475 (1929); Trans. Faraday Soc., 33, 1068 (1937); Compt. rend., 206, 133 (19338); 

166 Fish, F., Science, 73, 292 (1931); Chem. Abs., 25, 2771 (1931). 
167 Lillie, R. S., and Baskerville, M. L., Am. J. Physiol., 61, 272 (1922). 
18 Hinrichs, M., Biol. Bull. Marine Biol. Lab., 50, 55, 473 (1926). 

1 Klugh, A. B., Canadian J. Research, 1, 100 (1929). 

150 Gilles, E., Compt. rend. soc. biol., 109, 739 (1932); Chem. Abs.) 27, .3969 (1933). 
ih Bolger, HH. 1. J. Lab. Zodl. ble 26 ; ‘br } 

18, 596 (1933); Chem. Abs., 21, 4849 C1933), eu brune, L. V., and Daugherty, K., -Protoplaail 
i Black, W. A., Univ. Calif. Pub. Zool., 41, 75 (1936); Chem. Abs., 30, 8254 (1936). 
3’ Hughes, D. M., and Bovie, W. T., J. Med. Research, 39, 223, 233 (1918). 

154 Harris, F. I., and Hoyt, H. S., Science, 56, 318. (1917). 
155 Bovie, W. T., and Daland, G. A., Am. J. Physiol., 66, 55 (1920). 
=? Forbes, H.5., and Daland, G..A., Am. J. Physiol., 66, 50 (1923) 
157 Bills, C. E., Biol. Bull. Marine Biol. Lab., 47, 253 (1924). 
158 Weinstein, I., J. Opt. Soc. Am., 20, 433 (1930). 
a Leighton, P. A.,.and. Giese, A.C... Gen. Physiol., 18, 557 (1934); Science, 81, 53 (1935). | 

Hutchinson, A. H., and Ashton, M. R., Canadian J. Research, 1, 292 (1929), 
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to light. It was concluded that there is a fairly close relation between the dal 
at which the organisms live and their susceptibility to radiations of shorter ,™ 
lengths. In several cases lethal effects were found even though all the tadiag 

used were present in sunlight. om 

Pigmented embryos of the nocturnal slug, Limax flavus, are easily injucell 3 

ultraviolet rays.17° The deeply pigmented ones are especially sensitive. a 

The eggs and the first instar larva of the bean weevil, Bruchus obtectys | 
killed by light of wave-lengths less than 3126A.1% Adults showed no visible effens 
on irradiation, but most of their eggs were sterile. Sublethal doses Produce, 
weevils defective in metabolic processes. % 

Stevens 172 found that total arc exposure of the whole Ascaris egg for six § 

eight hours usually did not kill the egg at once, but prevented further developmen 
if the eggs had been in the two-cell or four-cell stage at the time of expogy,, 
With shorter exposures, there was observed irregular fragmentation of the chromo. 

somes, delay in cleavage and abnormal gastrulation. Schleip +’? irradiated variop,. 
parts of the egg separately and concluded that no one part could be affected wip, 
out producing some alteration in the unirradiated parts as well. Ruppert 1" foyyg 
a rhythmic alteration in the lethal- effect, depending on the stage of development o¢ 
the egg when irradiated with energy of a wave-length of 2800A.1 | 

Wright and McAlister 176 found ova of the roundworm of the dog, Toxascapj, 
Leonina, to exhibit retarded embryonation after irradiation with the lines 2652 9, 
2804A at intensities of 684,000 ergs per sq. cm. They were particularly interesteg 
in the possible lethal action of sunlight, but found destructive effects only with 
the wave-length 3022A, but not with longer ones. Even at 3020A, 137,000,00¢ 
ergs per sq. cm., approximately equivalent to twelve days of July sunlight at 
Washington, D. C., caused only 1.5 per cent of the ova to reach embryonation, ag 
compared with 42 per cent in the controls. For Toxocara ova, the corresponding 
figures were 20.5 per cent as compared with 65.5 per cent. The lesser susceptibility 
of this species may be due to absorption or dispersion of the light by the mosaically 
patterned, darkly pigmented shell of these eggs as compared with the clear, lightly 
pigmented shell of the Toxascaris ova. The ultraviolet rays of sunlight may hea 
factor, along with temperature and desiccation, in the marked lethal action of sun- 
light on ova reported by several workers. ; 
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e-scale Water Sterilization Equipment. 
Ficure 138. Larg 

rising five units. (Figure 
ted in 

738.) The legs were connec 

series with a pipe 

ey: as oii h jecte 
d which the yl was 

¢ sed- ro 
, i | 

Ga ees, ften te een of a baffle placed at 90 to the sa’ ane a an Sa i 

| The quartz tube was contained in a slotted opening 1n the baffle. (Figure 4 

APPLICATIONS 

The Sterilization of Water. At one time sterilization by ultraviolet bid fair to 
be the method of choice for the treatment of water on a large scale and several 
installations were claimed to have been satisfactory. A description of the opera-~ 
tion of an installation at Henderson, Ky., given by Smith,!"" states that there was 

little or no variation in the results, the rate of pumping being 2,200,000 to 3,200,000 
gallons per day. The energy expenditure was said to have been 92.5 kilowatt 

hours per million gallons. : ; 

Ficure 139. Lamp Box. 
170 Carmichael, E. B., Physiol. Zool., 4, 575 (1931). 

171 MacLeod, G. F., Ann. Entomol. Soc. Am., 26, 603 (1933). 

172 Stevens, N. M., Arch. Entwicklungsmech. der Organismen, 27, 622 (1909). 

178 Schleip, W., Arch. Zellforsch., 17, 289 (1923). 

174 Ruppert, W., Z. wiss. Zool., 123, 103 (1924). 

175 Note also Seide, J., Z. wiss. Zool., 124, 252 (1925); Chem. Abs., 20, 1871 (1926); Nolf, L. 0., 
Am. J. Hyg., 16, 288 (1932). 

176 Wright, W. H., and McAlister, E. D., Smithsonian Misc. Coll., 93, 1 (1934). 

177 Smith, A. T., Eng. News Record, 1021 (1917). 

i ically tilted for starting 
mercury arc designed to be automatica 

fed he lamp box. The individual lamps were so poneee 

They were also connected to the main switch- 

and a warning bell to notify the operator 

proper was a 220-volt d. 

by a special support located in tt 

that they could be adjusted individually. 

board, each lamp having an incandescent lamp 

of improper operation. 
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Blocher 178 states that the m he method was successfully in use at B ere 
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Potencier 197 delivers milk under carbon dioxide pressure from q 
metal or transparent table in a thin layer and collects the milk in 
rounding the table. The rays are emitted from tubes situated unde 
cupola above the table. The cupola may be made either of polishe 
insulating material faced on the inside with a fluorescent coating 
between 2300 and 4500A. Scheidt 198 used a lamp in which a hig 
charge is passed through neon and argon in a series of quartz 
-shaped or formed of two coaxial vertical rims one enclosing the other. The am 

are allowed to act on the liquid as it flows in a thin film between the surfaces” 
the quartz tubes and surrounding tubes of porcelain. a 

Vogeler 199 states that sterilization of milk by ultraviolet light is not process. Various attempts have been made to combine the use of ultray 
with chemical treatments, using for example, hydrogen peroxide 

Food Products.2°2 

tank On . 

2 Sutter 
r @ ataba 

d Metal ord 

Yielding na 

h-tension qi 
tubes eign, 

a | 
10let Tay. 

200 ‘or Chlorine 39 
The ingredients of jams, jellies, and other ; ; ; : ; Presery : may be subjected to the action of ultraviolet rays while being heated in 3 Shallow pan provided with means for agitation and removal of the scum 203 ering 204 suggested that nutritive extracts of vegetables be irradiated in the ab sence 4 

Ox Veen. 

Spolverini 2° states that ultraviolet irradiation of certain foods causes physica 
and chemical changes which tend to aid conservation. Berndt and Creighton 20¢ treat the foodstuff with ultraviolet until beneficial properties have been imparteg to a portion of the material, and mix this with untreated material. Apparatys designed for irradiation of viscous food products such as malt extracts has beer described by Rohde.297 Duret 208 finds ultraviolet sterilization of sugar solutions of value because occasional samples of sugar are found to contain thermophilic 
bacteria which resist heat sterilization. | 

Ultraviolet Sterilization in Baking Industry. In milling flour, it is usually necessary to remove the germ from cereals in order to prevent growth of organ- isms which lead to spoilage of the flour. To preserve these valuable portions of the grain, Mayor 2 proposes to irradiate the germ with ultraviolet rays, roast the treated germ, and mix the latter with the ground kernel of the same or 
other cereal. 

In the bleaching of flour, mercury-arc irradiation is occasionally employed to supplement the action of such bleaching agents as dibenzoyl peroxide. By this means it is said to be possible to obtain in one hour the amount of bleach 

4 
J 

ing tha 
197 Potencier, R., British P. 430,908, Dec. 21, 1933; Brit. Chem. Abs., B, 827 (1935). 198 Scheidt, E. O., British P. 257,956, Sept. 6, 1926; Brit. Chem. Abs., B, 106 (1928); U. S. B 1,670,217, May 15, 1928. 

' 1% ‘Vogeler, L., Milchwirtschaft Literaturber., 484 (1930); Chem. Abs., 26, 1039 (1932). 200 Bing, M., German P. 392,935, 1922; Brit. Chem. Abs., B, 345 (1927). 0 Tranin, S., and Snyder, R. M., U. S. P. 1,945,102, Jan. 30, 1934; Chem. Abs., Note for another recent milk patent, Castelain, L., U. S. P. 1,956,667, May 1, 1934. 202 See Haines, R. B., Leap ACs Eley “ea 2), E., and Tompkins, R. G., Rep. Food Invest. Ba., 29, 1936; Brit. Chem. Abs., B, 1264 °(1937. 

Lol omay, D., British P. 273,578, Dec. 14, 1926; 272,775 (for fruits); cf. Mayor, J., U. Ss, B 
20f Perino, J., British P. 279,487, Oct. 22, 1926; Chem. Abs., 22, 2799 (1928). 205 Spolverini, L. M., Riv. ital. actionol., 2, 1 (1927); Chem. Abs., 23, 4508 (1929). 203 Berndt, E...C., and Creighton, H. M., U. S. P. 2,072,416-7-8; Chem. Abs., a1, 2701. (1937 % “4 Rohde, H. W., U.S. P: 1,888,472, to Jos. Schlitz Beverage Co. 
208 Duret, G., French P, 736,254, Aug. 13, 1931; Chem. Abs. 27, 1540 (1933); British P. 395,527, July 20, 1933; Chem. Abs., 28, 362 (1934). 
209 Mayor, J., French P. 752,261, Sept. 20, 1933; Chem. Abs., 28, 838 (1934). 

28, 2428 (1934). 
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e 

a d the use of various sources of ultraviolet oe eats ie 

. a urface of freshly baked bread. He did not i rnnpad 

os na dvantages to be obtained by the use of the ci aioe 

Bons i‘ fungicidal potency decreases 1n the following mee 

sie rye ao other hand it has been stated that grow : 

Aen utilization of discharge lamps containing argon, 

hich dough is stored for yeast reaction are kept 

E ead . 

4 are 

i, various carb 

Og” “K” an 
om pread can be checked by 

nd mercury.227, Rooms in w 

Courtesy Westinghouse Electric and Manufacturing Co. 

growth of molds. It was reported ; ae he tN eal 

warm and moist and these conditions favor t Pc ck to amps emitting radiation 
inhibited by exposing 

_ he a alec ae said not to penetrate beneath the surface 
between - ; : 141). Also, ting process (Figure 1 have no effect upon the yeas he cook 
7 = et Baee rays in the range inentioned pe Dee ar rahi pate ait 
amps whic ies to prevent deposition o : ; s of bakeries to p redients 
Ben Ee che tage process. Bonsor 48 subjected the 4 serene product 
ee mi ig to ultraviolet light for five or ten minutes to render 
uring mix 

lighter and more easily digested. 

605 (1934); Chem. Abs., 29, 236 (1935); 
Cereal Chem., tl, 91 (1932); Chem. Abs., 26, 6027 

a i, C. G., and Croze, here .. Cereal Chem., 9, 4 } 1925); British 
isi, c. G. Croze, A. B., and Bailey, C,H tay 26, 1925; Chem. Abs., 19, 2246 ( Pe. 381,079, U.S... P:! 1,539,701, 1917); U.S. 
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Feb. iE, 1924; Chem. S., 10, 
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me Mute Ga and Blackburn, P, W., Blectrical Engineering, 435 OS, 263, (1938). James, 
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Ultraviolet Sterilization in Meat Industry.214 Freshly slaughtered 
posed of small muscle fibers 0.002 inch in diameter and 1 to 2 inches in 
enclosed in a sheath-like covering. The muscle fibers are bound togethe, 
larger aggregates by connective tissue. When beef is stored, the connective a 

is changed to a gelatin by enzymic action within the meat. This Process a. 
tendering, may be accelerated by increasing the temperature. Flowever, toa " 
tures above refrigeration limit (above 45°F.) also speed up mold formation oni 
surface of the meat, thereby causing considerable loss of the latter when the ail 

is cut away. | q 
Also, storing of meat may result in considerable shrinkage by eva 

moisture when the relative humidity of the storage room is below 83 per ga 
A relative humidity of 85-90 per cent in the vicinity of stored meat was st 4 
to prevent evaporation from meat to a large extent. These highly moist condi 

tend to accelerate mold formation. , ‘0 

beef isa n the sterilization of fruit juices, Welch and Perkins 71" suggested the use of 

_ ppotosensitizing action of eosin or fluorescein, only very small concentrations 

nae required. 
rhe condition of pitched barrels or casks is reported to be greatly improved, 

_. though complete sterilization is not attained, by lowering quartz lamps into 

- and irradiating them for fifteen to thirty seconds. Longer periods may heat 
Becks to such an extent as to cause the liberation of the fumes of pitch.24§ 

STERILIZATION OF MEDICINAL PRODUCTS 

POration Vaccines. It was early proposed to treat vaccinia virus by ultraviolet rays, the sjief being that harmful foreign organisms could be killed by doses insufficient 

. destroy the more resistant virus.219 Kirstein,??° using the Vitaray apparatus, 
(eg 
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Courtesy Westinghouse Electric and Manufacturing Co. 

Figure 142. Use of Ultraviolet Lamps in Meat Storage Rooms. 

The presence in a storage room of rays of about 2000-2600A was advocated as 
effective in inhibiting mold formations on meat surfaces, at temperatures aboy a 
35°F. and relative humidity of 85-90 per cent.215 Lamps emitting these radiation: % 
generally are placed in rows parallel to the racks or rails on which meat is hung 
for storage or tendering (Figure 142). Also, it is reported that circulation of ai 
in the storage room prevents mold formation in areas where meat is not exposet 
directly to rays from discharge lamps. 

Miscellaneous Applications. Ultraviolet sterilization has been proposed as 
efficient for destroying bacteria on eating and drinking implements.216 Exposure ol 
glasses (after washing and rinsing) to rays from discharge lamps was reportec 
to result in destruction of 87-100 per cent of the bacteria present. / 

‘ 

“was unable to find any evidence of such action. Later, however, he introduced a 

Process using a salicylic acid filter, which he claimed accomplished this purpose 

not in the case of the vaccinia virus, but in the preparation of various bacterial 
vaccines. The killing of the organisms was’ said to be accomplished by filtered 

ultraviolet rays.224 

"7 Welch, H., and Perkins, R. G., J. Prev. Med., 5, 173 (1931); Chem. Abs., 26, 5362. (1932). 

18 Sci, Am., 201, Aug. 28, 1920; Moufang, E., Allgem. Z. Bierbrau Malzfab., 43, 151 Sree < 

219 Ger P. 314,858, Feb) 24, 1914, to Quarzlampen Ges. Hanau; J. Soc. Chem. Ind., 39, 

M090). iedberser, its a Mironescu, oT a Med. Wochschr., 1203 (1914); Mayerhofer, E., 

4. Kinderheilk., 13, 361 (1916). . 
#0 Kirstein, F., Zentralb. Bakt. Parasitenk. Infektionsk., I, 114, 530 (1929). dates a 

o Ki i ; P. 598,680, June 15, 1934; Chem. Abs., 28, 5932 (1934); German P. 941, 
Aug. 3, 1934; Va unre 28, 7433 (iss): German P. 609,258, Feb. 11, 1935; Chem. Abs.. 29, 6366 
(1935). Note also Mayer, G., German P. 505,707, April 3, 1927; Chem. Abs., 25, 382 (1931). 

“4 Ewell, A. W., Refrigerating Engineering, January (1939). Coulter, M. D., Address at Mellon 
Institute of Industrial Research, March 21, 1939. British P. 22,669, 1914, to Monvoisin, Barrat © 
Robin; Chem. Abs., 10, 1238 (1916). 4 

215 Lamps utilized for this purpose are known as Sterilamps (Trade Mark Registered U. S. Pate 
Office), manufactured by Westinghouse Electric & Manufacturing Co. 4 

26R. V. Fellers, The American City, August, 53 (1938). 
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Figure 143 illustrate | het eae S apparatus used by Houghto i 
ngage eae ae other products. The ea i » es aaa ee onnected by a sterile glass siphon and ubber| 

ectly beneath the arc. Af g me 
passes through the deliver ates eh eet A 
modern quartz mer 
in Figure 144, 

tubin 

cur 
ai 

y arc suitable for irradiating the liquid in the ontainer 

Courtesy Dr F — 
ee Aa fara . J. Buitolph, Lamp Department, General Electric Co 

Quartz Mercury Arc for Irradiation of Li 4 
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err 
formati : 
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bacteria in enzyme . ‘ xample, le 
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ein rae et eal affecting ae sien ee in on 

and for differenti adiation might be empl ctivity. They also ~ 
iall PES. mployed for a 

Mingoia 225 fo f affecting organic substances eee aa ae of vitamins 
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of such all ie aie 
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222 Houghton, E. M., and Davis 
7 I em suitable for hypo- 

223 Lesure, A., J. L., Am. J. Publi 
eo Jo phar , ° 

tc Health, 4. 92 

™ Sperti, G., Norris m. chim. 1, 569 (1910); J. Chem. Soc. 98, 736 Cab) 
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R. J., Wi 
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out at the same time altering the alkaloids seriously. Nitzescu 226 

with 
is 

er.227 
ie e that insulin solutions could be sterilized in this mann 

- 928 proposed the sterilization by irradiation of certain emulsions used in 

| ; ents and shaving creams. 

nt treating substances serving as sources of essential oils, T ival and 

ss 5 229 first froze the material, then irradiated it and dried it im vacuo 

i . extracting the oil. Rousseau *°° added uranium, iron or manganous salts to 

ef? es or yeast before subjecting the latter to the action of ultraviolet rays. 

ne Recordi to Stevens,?31 ultraviolet light renders the lipids of skin, extracted 

q emulsified ‘n salt solution, bactericidal to hemolytic streptococci. It increases 

wv kedly the active oxygen content of dried skin, unless the lipids had been 

mgracted before irradiation. 
i. 

~ Various Products. Wool which has been treated with ultraviolet light is 

4932 to have increased susceptibility to mold growth. Gelatin solutions and 

Pid es made from them, such as threads, cords, violin strings, ribbons, or tubes, 

a, pe sterilized by ultraviolet light, according to Hirsch.238 Redd 234 describes 

s for subjecting clothes to ultraviolet rays and ozone in laundry apparatus. 

Lehmann 235 Gnds that staphylococci in contact with linoleum die more rapidly 

der strong i{lumination than when ‘rradiated on glass or wood. This is ascribed 

a the action of oxidation products of the linseed oil present in the linoleum. 

Considerable attention has recently been devoted to the bactericidal properties of 

irradiated petrolatum. Eising 236 noted that the latter exerted a strong bactericidal 

. the ordinary organisms of wound infection and believed it also to stimu- 

Sheard and Thompson 237 found irradiated mineral oil 

Jess active than irradiated olive oil or Vaseline. Harris, Bunker and Milas °° found 

the vapors of certain oils to inhibit or kill bacterial smears on nutrient agar without 

irradiation, although other oils acquired this power only after being irradiated. 

They believed the germicidal action due probably to volatile substances containing 

” 

aratu 

action upon 

peroxidic oxygen in the oil, the formation of which is accelerated by irradiation, 

the most effective rays. being about 3130A. In general, animal oils were more 

active than vegetable oils. The germicidal properties are not the result of secon- 

dary radiations, aldehydes, butyric acid or ozone. Sears and Black 239 observed 

that white petrolatum becomes germicidal aiter four hours of irradiation and 

changes to a limpid yellow color. The germicidal agent is believed to be a non- 

volatile chemical substance, not water-soluble, formed as the result of oxidation. 

It does not kill spores or certain gram-negative intestinal organisms. Stevens 240 

226 Nitzescu, I. I., Klin. Wochschr., 3, 2343 (1924); Chem. Abs., 19, 1285 (1925). 

227 See, however, Chapter 34. 

28 Kelly, T. D., British P. 283,711, Dec. 13, 1926; Chem. Abs., 22, 4205 (1928). 

229 Tival, H., and Descombes, F., British P. 179,164, April 25, 1922; Chem. Abs., 19, 1019 (1925). 

280 Rousseau, E. F., British P. 226,534, Dec. 17, 1923; Chem. Abs., 19, 2103 (1925). 

281 Stevens, F. A., J. Exptl. Med., 65, 121 (1937). 

282 Burgess, R., J. Soc., Dyers Colourists, 50, 138 (1934); Chem. Abs., 29, 1992 (1935). 

283 Hirsch, P., British P. 299,105, July 25, 1927; Chem. Abs., 24, 3061 (1929). 

Fos > WR. U. 8. P. 1,948,239, Feb. 20,}1934, to Millprint Products Corp.; Chem. Abs., 28, 2923 

25 Lehmann, K. B., Arch. Hyg., 106, 1° (1931); Chem. Abs., 26, 166 (1932). 

286 Rising, E. H., Annals of Surgery, 935 1231 (1931); British P. 417,685, Oct. 10, 1934; Chem. 

Abs., 29, 1211 (1935). Pp. 1,919,055, July 18, 1933; Chem. Abs., 27, 4879 (1933). 

87 Sheard, C., and Thompson, L., Proc. Staff Meeting Mayo Clinic, 6, 690 (1931); Chem. Abs., 

26, 2764 (1932). 
ida R. S., Bunker, J., and Milas, N., J. Bact., 23, 429 (1932); Ind. Eng. Chem., 24; 1181 

289 Sears, H. J., and Black, N., J. Bact., 27, 453 (1934). 4 

240 Stevens, F. A., J. Lab. Clin. Med., 21, 26, 1040 (1935-6); J. Bact., 32, 47 (1936); J. Inf. Dis., 

58, 185 (1936). 
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attributed the photoactivity of such products to the evolution of gas 
peroxides and aldehydes which diffuse rapidly through a film of cella 
The plate-fogging and bactericidal effects of the vapor from irradiat aa Cet; 
oil and from ozonide of olive oil were found to be due to substariedl Olive 
active oxygen. Not only are bacteria killed by the oxygen liberated 7 ‘ “Tati. 
oils, but their growth rate may be retarded or dissociation may occur if 7 he 
isms are subjected to sublethal doses. i Orga 

Or a) 

Courtesy Westinghouse Electric and Manufacturing Co. 

Figure 145. Ultraviolet Sterilization of Air in Operating Room. 

Reiner-Deutsch and Molnar 241 found irradiation of essential oils in alcohol for 
fifteen minutes at 25 cm. from a Burdick air-cooled lamp to increase their bac- 
tericidal power so that the vapors would kill staphylococci in three hours. q 

It has been claimed that irradiated metals are bactericidal at a distance 2@ 
U tilization of Ultraviolet Sterilization in Hospitals.242 The degree of contami- 

nation in an operating room is said to depend on the duration of occupancy, nui 
ber of occupants in the room, the number of contamination carriers and the degree 

ee W., and Molnar, N., J. Bact., 30, 444 (1935); Chem. Abs., 30, 1086 (1936). : 
ied, O., Centralbl. Bakt. Parasitenk. : : d. Seg e oia O ge: arasitenk., Abt. I, 121, 267 (1931); Goldberg, I. M., Acta. ie ; 

*43 Hart, D., J. Thoracic Surg., 6 (1), 4581 (1936). Hart, D., § 
Archives of Surgery, 34, 874 (1937). Hart, D., rem ba oe ‘ss fh Pog a 
Surgical Associations, 49, 377 (1937). 
Archives of Surgery, 37, 956 (1938). 
and Blackburn, P. W., Electrical Engineering, 455 (1938). 

Dy 

é 

onta 

j as found t ; : : é 

Ml entrance of bacteria did not achieve this purpose completely. 
oo", ainst a ; 
jection 28 rating team constantly breathe bacteria into the air, even though all 
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their respiratory passages, the adequacy of masks, the cleanlt- 

d of the incoming air, and the efficacy of the ventilating system. 

on of the above factors to afford maximum pro- 
Mem- 

mination in 

Bethe room an 
hat careful regulati 

ear masks. Presence of bacteria is particularly dangerous in thoracic 

here long incisions are made. For this reason, thoracic operations 

ere performed during winter months, when the probability of respiratory 

n the operating team was highest. The observations of Rentschler 

244 that air-borne pathogenic bacteria can be killed with about 10 per 

Ww 

Baa James | 

Courtesy Hanovia Chemical and M anufacturing Co. 

Figure 146. Operating Room Safe-T-Aire Equipment for Ceiling or Wall Mounting. 

cent of the radiant energy required to kill the same bacteria on a plate Jed to 

a method for controlling bacteria in operating rooms. In one type of installation 

proposed by James and Hart (Figure 145) a bank of eight lamps which emit prin- 

cipally the line 2537A is arranged in a square above the operating table. Rays from 

these lamps kill bacteria (breathed by members of the operating team) before the 

bacteria reach the body of the patient. It was stated that the intensity of the 

ultraviolet rays reaching the operating table is too low to cause harmful after- 

effects to the patient. Further, utilization of such lamps was reported to accelerate 

wound healing. 
The effectiveness of bactericidal radiation during extrapleural thoracoplasties 

has been studied. It was found that mortality was reduced more than 50 per cent 

by use of radiation during operations, that postoperative infection was avoided 

almost completely, that postoperative temperature elevations of patients decreased 
and that wound healing was more rapid. Also, the period required before reopen- 

in article of Hibben, S. G., and Blackburn, P. W., Elec- *44 Rentschler, H. C., and James, R. F., : 
., Address at Mellon Institute of Industrial Research, trical Engineering, 455 (1938). Rentschler, H. C 

March 21, 1939, 
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| : gery was reported to be 

; j a wound to complete the stages of thoracic sur 

z 0 iderably. 
ened cone, 245 found it possible b sel d Brown 745 found it pos . eta 

pel’ Biy for ferrets of the influenza virus (P R 8 strain) paneer ie 
4 infectiv™ operating room lamps have been designed (Figure 146) shies ae 

ther “Baryaire” units (Figure 147) have been devised for use in a : 

all vent cross-infection. It is claimed that microérganisms cannot be 
- to pre ; 
peridors fF barrier of ultraviolet lipht.**° 

and Brown, H. W., A Hyg., 24, 407 (1936); see. also Wells, W. F., and 
| m. J. 
oss wells, W ‘ Bape: Med. Assoc., 107, 1698, 1809 (1936). 

t "Iso Magondeaux, B., French P. 729,022, March 9, 1932. 

e 

y means of the mercury arc to destroy 

Ficure 147 (a). 

Baryaire Safe-T-Ai; 7 
ment. : Pau 

Courtesy Hanovia Chemic a 
facturing Co. al and Many 

3 

ee Figure 147 (b). 

Baryaire Safe-T-Aire Equip- 
ment. 

ULTRAVIOLET RAYS Courtesy H anovia Chemical and Manu- 
facturing Co. ULTRAVIOLET RAYS 

Ficure 147 (c). 
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, This is now recognized to play a role of importance only when the wave- 

s employed are far shorter than those available from the sources soeoeaes 

gths d under the ordinary conditions of experimental work or practical therapy. 

| ploy’ tion has been drawn by various workers to the possibility that x-rays or 

; peter ay owe some of their biological actions to ultraviolet rays produced as a 

Chapter 36 § diu a the fluorescence of some components of the irradiated systems. As yet 

: q Su ossibility has been relatively little explored.° ; ~ ielape nea 

1 i 1 q 1S been, among the many suggestions advanced to account for t 

The Physiological Litects of Ultraviolet Rays | ee oe cions Fe redeins the utility S heliotherapy or artificial ultraviolet 
| eneral ined ial t least for a time. One 

i i ; | *.. a few which have attained special prominence, at le mt 
The success attained in the use of ultraviolet light in the treatment of Ticke 2 J workers advanced the claim that the effects were due, not to the direct 

surgical tuberculosis and certain other conditions discussed in subsequent | -oup ° 
stimulated a widespread empirical (and frequently non-critical) use of thin ae 
ment for a great variety of diseased conditions. Unwarranted and extraya a 
claims served to create an undeserved prejudice against even the proper applicati, 
of this form of therapy. For this reason, before discussing in Chapter 38 4 
therapeutic applications in which ultraviolet light may serve a useful purpose if 
desirable to consider the present state of our knowledge of the genera] physi 
logical effects of this form of energy upon multicellular organisms. The precedin, 
chapters have laid the basis for this by enumerating the effects of the rays upo 
the chemical constituents of cells and upon individual cells as a whole. The was 
in which generalized irradiation of large areas of the body may produce alters 
tions in the circulation, respiration, the composition of the blood and the growth o¢_ 
the body as a whole or of various of its organs may now be considered.* 

In the extensive literature many apparent contradictions abound. 
In part, these may be ascribed to inaccurate observations or to too hasty general 

izations from an inadequate number of experiments. In part, they are due to a fajj 
ure to appreciate the necessity of controlling the spectral distribution of the source 
employed. Much work calls for repetition under more adequate physical contro] 
In the present survey, it has not been considered possible to undertake a detailed 
analysis of the adequacy of the experimental approach in the various investigation 
reported, since for the most part the results are not usually striking. A mor 
critical treatment would demand a much larger amount of space than is justifiable 
in view of the fact that there are at present available several reviews and books 
Only an outline of what appear to be the more significant conclusions is giver 
here. | i 

Comparatively little work has as yet been done on the application of the Ein- 
stein law to biological systems, aside from that involved in the photosynthetie 
mechanism in plants and in the formation of vitamin D,.2 There is thus a hiatus 
between the photochemical. theories discussed and applied in Part II of this book 
and the treatment of the photochemical processes upon which must ultimately 
depend the physiological responses which occupy a large part of the remainder 
of this book. j 

Early workers were inclined to the belief that ultraviolet rays act in some man- 
ner by virtue of photoelectric effects, produced when they strike the living organ- 

ects of the light rays upon the body surface, but rather to the production in 

+ of ozone or oxides of nitrogen which when breathed were indirectly responsi- 

. s the effects produced. A leading sponsor of this theory was Kestner,® who had 
E nind particularly the use of a carbon are source. Peemodller™ asserted that only 

Ben the air through which the rays passed was breathed was it possible to 
a erve any effect of the irradiation upon the blood pressure. ‘This theory has 

- discredited by subsequent workers who have shown that the effects of irradia- 

Bon on blood pressure cannot be detected if the subject (a dog) is exposed to the 

radiated air but protected by filters from the direct action of the rays.® 
jrracte 
- Another view was that physiological alterations may ensule as a result of a 

simulation through the eye of the nervous control of the circulation. There is an _ 
C 
w i 

experimental basis for this in the observation by Reed that in the dog® strong 

jrradiation of the retina produces a depression of the blood pressure, usually accom- 

sanied by a decrease in the heart rate, which eventually leads to a condition of 

shock unless the irradiation be discontinued. Nevertheless, there is little reason 

4o believe that under ordinary conditions the reaction of the body to irradiation is 

prought about by nerve stimulation in the eye and this may be dismissed from 

further consideration. 
- Current theories regard the behavior as a response to changes brought about 

ithe skin. Most of the radiations are absorbed in very thin layers of the skin 

a d do not penetrate to the lower tissues. One process which occurs in the skin, 

he conversion of certain sterols into the vitamins of the D group is definitely 

known to account for the beneficial results of irradiation in the prevention and 

treatment of rickets, and there is an accumulating body of evidence that this may 

also account, in part at least, for the beneficial results in tuberculosis. There are, 

‘however, undoubtedly other processes induced in the skin which are less well under- 

‘stood. The visible changes in sunburn have been attributed to the production of 

histamine-like materials which then act upon the vessel walls and produce the 

local erythema. Such substances may enter the blood stream and be carried to the 

nervous tissues which control the fundamental physiological processes. Such sub- 

stances may also conceivably exert a control through a local stimulation of certain 

‘afferent nerves. Viale and Roncallo!° find that although irradiation of a normal 

Mitiark, J., Physiol. Rev., 2, 277 (1922). 
4 See, however, Saidman, J., Compt. rend., 180, 693 (1925); Gallerani, G., Boll. Soc. ital. biol. sper., 

ll, 817 (1936); Chem. Abs., 31, 7759 (1937). 
5 See Spiegel-Adolf, M., Klin. Wochschr., 9, 1615 (1930). 

 6Kestner, O., Z. Biol., 73, 1, 7 (1921); 77, 245 (1922). 

™Peemiller, F., Klin. Wochschr., 2, 973 (1923); note also Secchi, C., Pediatria Rivista, 35, 1111 

(1927); Chem. Abs., 22, 1786 (1928). 
8 Laurens, H., and Mayerson, H. S., Am. J. Physiol., 84, 524 (1928). 

®Reed, C. L., Am. J. Physiol., 65, 477 (1923). . 

1 Viale; G., and Roncallo, E., Boll. soc. ital. biol. sper., 10, 311 (1935); Chem. Abs., 30, 6014 (1936). 

* The conversion of sterols into vitamin D and its application is deferred to Chapters 38, 39 and 40, 

1 Laurens, H., ‘“‘The Physiological Effects of Radiant Energy,’ American Chemical Society Mono 
graph Series, New York, Reinhold Publishing Corp., 1933; ‘The Biological Effects of Radiation.” 
Edited by Duggar, B. M., 2 Vols., New York, McGraw-Hill Book Company, Inc., 1936. g 

Review articles: Valentin, H., Pharm. Ztg., 75, 982, 995, 1005 (1930); Chem. Abs., 25, 120 (1931); 
Levine, V. E., Arch. Phys. Therapy, X-Rays & Radium, 12, 197, 267, 389 (1931); Packard, C., Quart, 
Review Biol., 6, 253 (1931); Snyder, C. D., Ibid., 281; Frankenburger, W., Strahlentherapie, 
233 (1933); de Toni, G., Biochim. terap. sper., 22, 547, 577 (1935); 23, 75 (1936). 

2 Warburg, O., Trans. Faraday Soc., 27, 551 (1931). 
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a 

i i f the proteins an d rat skin to be in part that o 

aati Pipeiele that the fluorescence curve is to a large 

Rabbit skin shows a fluorescence 

of human skin has its 

rabbit’s foot depresses the blood sugar, this effect is not found if the nerve 
foot are first cut. Furthermore, section of the right vagus nerve at the n 
interferes with the fall in blood sugar which usually follows irradiation 11 

Other views assume that light absorbed by the blood in dilated 
alters its constitution. Others view the circulatory effects as due p 

ence spectrum of s 
ot of cholesterol. : i. sia 
ft coincident with the erythema | 

F renit 400 and 4200 with a maximum at 5000A. That 

S to 
eck | 

- ect 
Skin CaDpilla. et’ aur at 4600A. 
imarj zt awe the penetration of the “marily ae | Its indicated in Table 24 for Me shift of blood into dilated skin capillaries, that is to a localized hyperemia to. a asselbalch iS. game pea d quartz mercury lamp. Anderson and Macht, view is particularly advanced in explaining the results of the longer Wave-le ‘h 4g from a Kromayer wa 

used in heliotherapy. Sonne12 made determinations of skin and subcutane. e. 
Coy temperatures during irradiation, as a result of which he concluded that the Table 24.—Penetration of Rays from Kromayer Lamp. 

and shorter infrared rays produce local temperatures greater tha 
Visih) . 

in fevers. His work is of importance in affording some measure of explanatio a 436 0.01 the differences in the effects produced by sunlight and carbon arc light from a ,. cenit pesinitted by £9 5 49 42 30 8 Z due to the mercury arc which produces less of these rays and more of the short ula jin 0.1 mm. thic 0.006 | 
violet rays. “ 

- 5 et . is Be ae wave-lengths shorter than due to a generalized protein shock similar to that after the injection of milk o i agreed that dead skin is practically cL sa ray transparency, transmitting other non-specific proteins. The shock is assumed to result from the introductioy * A, claimed that live rabbit skin has a muc eT ths between 2537 and 3000A. into the circulation of the products produced by the destruction of e poouss S Proteins in the 
cells of the skin. This is particularly adapted to the explanation of the effects 
following mercury-arc irradiation. : _ 

Rothmann 18 believed the general response due to a lowering of the tone of the sympathetic system. oe 

m 6 to 10 per cent of the energy at wave- 

f ache 

q EFFECTS ON THE SKIN 14 a 
During exposure of the skin to sunlight, an immediate reddening is usually observed. This is a heat erythema due to the longer visible and infrared rays, It is not strictly localized in the irradiated parts and disappears shortly after the irradiation is stopped. 

; The erythema due to the ultraviolet rays of sunlight is produced only after a latent period of from one to ten hours. It is seen only in the irradiated areas and varies in severity with the intensity and duration of the exposure, blistering accom- 
panying the more intense or longer doses. The erythema persists for several days 
and is then replaced by an area of pigmentation, the upper epidermal layers scaling off. The pigmentation may persist for several months. These effects were first 
described in detail by Finsen who employed a carbon arc as the source of light. a During the erythema there is a widening of the capillary blood vessels and at a bah he Various Skin Layers (Bachem and Reed, its height, there is leucocytic infiltration and degeneration, particularly of the cells  Ficure 148. eee pies es, of Physiology). of the Malpighian layer. These later dry to a scale above a regenerated pigmented wits skin.15 

| 
Ultraviolet radiations are highly absorbed by the skin. Exact measurements — 

of their penetrability are difficult because a portion of the shorter wave-lengths — 
are converted by fluorescence into longer ones in the blue and other portions of © 
the visible region and these have greater penetrability. Vlés and Ugo 16 find the 

Ea 
iz 

KT IN \ 
aan be, 
tT —o: 

Ads 

° . 
do 

nd dead skin if the specimen was kept moist and tightly stretched. They foun 
a vis . the 
the wave-lengths of the near infrared and visible regions spel Beata ees 

blood of the corium and citeuagriad otic rants T Goine “of thelr data 
it 7 i ower and are absorbe in the oie ; AR00A 

Be ccuced in ete 148. The absorption of a band May ee ae Tact 
is :. reat in the corneum and prickle cell layers. On ee oe saRee tee 

near 3000 and 2500A, the penetration is greater, more radia 
Malpighian layers and the corium. 

fies halt E., and Roncallo, E., Boll. soc. ital. biol. sper., 11, 77 (1936); Chem. Abs., 30, 6063 
1 Sonne, C., Acta Med. Skand., 54, 336 (1921); 56, 619 (1922); Acta Radiologica Skand., 5, 419 (1926); Chem. Abs., 21, 1139 (1927). 
18 Rothmann, H., Klin. Wochschr., 2, 881 (1923); Petersen, W. F., and v. Oettingen, W. F., Arch. Exptl. Path. Pharmakol., 123, 160 (1927). 
14 Cf, Waller, M. D., Proc. Roy. Soc., 108B, 259 (1931), and for a general discussion, Eidinow, A., Brit. J. Tuberculosis, 22, 136 (1928). 
15 For histological details, see Keller, P., Strahlentherapie, 16, 52 (1924); 28, 152 (1928); Uhl- mann, E., Ibid., 40, 765 (1931). See also Rost, G. A., and Keller, P., in Jadassohn, “Handbuch der — Haut und Geschlechtskrankheiten,” Vol. 2, Berlin, J. Springer, 1929. 
16 'Vlés, F., and Ugo, A., Compt. rend. soc. biol., 123, 226 (1936); Chem. Abs., 31, 713 (1937). 

| 1928). 
Pauli, W. E., Strahlentherapie, 26, ate me age ecttehge aa gx 

as Mae 

: . Physiol., 49; ; . , 
18 Hasselbalch, K. A., Skand. Arch Pgs TIRES 

: d Macht, D. I., Am. J. ysiol., 86, 

a teed C I. Am. J. Physiol., 97, 86 (1931); 90, 600 (1929). 
acnem, *9 9 ¢: she» 
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150, which appear to resemble greatly the curves for the absorption of 

a cids tryptophane and tyrosine. These observations appear chiefly of 

re a Be nstrating the extreme difficulty of the problem of measuring the 

e 4 of the skin as a whole, since they had to be limited largely to the 

rptior irhey do, however, demonstrate that. the penetration of ultraviolet rays 

a “more than very slight. Pauli 2% claims that glycerol containing a little 

A the best agent for increasing the ultraviolet permeability of the skin. 

: £ a monochromator, Hausser and Vahle 24 determined the relative 

the various mercury-arc lines, each being adjusted 
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Bachem 21 has also given data on the ultraviolet transparency of the 

layers of the human skin. Figure 149 indicates that the horny layer jc e 

parent in the visible and near ultraviolet. At 3000A a strong absonalll 
begins, which has its maximum at 2800A and then diminishes to a 4b0% 
2600A, increasing again at shorter wave-lengths, and recalling the absouil 

Byte use © e. of erythema produced by 

250 
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Ficure 149, Absorption Curves for Various Skin Layers (Bachem, 
American Journal of Physiology). 
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WN ee 
the proteins. The granulosum layer absorbs somewhat more visible light. ] 
transparent is the germinating layer. The corium differs in showing the gre 
absorption for the visible light. It also shows no absorption maximum at 28 
and has somewhat lower absorption coefficients in the more extreme ultray 
range. Bachem believes the erythema to originate in the stratum germinat 
or corium under the shadow of the upper layers. 4 

Lucas 7% has discussed particularly the difficulties involved in this typ 
measurement. He expressed his results merely in terms of the relation bet 
the logarithms of incident and transmitted light. His observations indica 
skin used to be a hundred to ten thousand times more opaque than that stt 
by Hasselbalch, much of the loss of radiant energy being due to scattering 
the living animal, however, much of the scattered light may not be lost to 
animal. Lucas was unable to detect the passage of any line shorter than 3 
through 0.2 mm. of skin in exposures less than 24 hours. With very thin § 
mens of epidermis obtained from blisters of the forearm, Lucas obtained the 1 

Wave-lengths in wy 

Ficure 150. Absorption of Skin from a Blister (From Lucas, Biochemical J ournak) . 

“ft 
Pe 

y at 2970A, the effect 
) the same intensity. They found a maximum sensitivit \ 

gi ger ultraviolet had no 
ning at 3130A. Wave-lengths in the visible and lon 

ect. Adopting the intensity of the erythema produced by the 2970A line as 100 

er cent, the relative values found on irradiation by the other wave-lengths were 

und to be as indicated in Table 25. In later work, they found a second maximum 

*Pauli, W. E., Strahlentherapie, 26, 577 (1927); Chem. Abs., 22, 367 
dausser, K. W., and Vahle, W., Strahlentherapie, 13, 41 (1921); 

id Moycho, V., [Compt. rend., 158, 1509 (1914)] early placed the maximu 
S ear at 2800A. | 7 

+ 

2 (1928). 

27, 3485 (1928); Henri, WV. 
21 Bachem, A., Am. J. Physiol., $1, 58 (1929). | m irritating effect on rab- 

22 Lucas, N. S., Biochem. J., 25, 57 (1931). 
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Table 25.—Effect of Wave-Length on Erythema. 
Wave-Length (A) Erythema (%) 

Greater than 3130 None 
3130 4.5 
3020 58. 
2970 100. 
2890 30 . 
2800 28 . 

at Z500A. Luckiesh, Holladay and Ta 
existence of the maximum at 2970A bh 
which tended to increase steadily from 
wave-length studied. They also studi 
wave-lengths and found it very low f 
erythema results of Coblentz, Stair a 
more closely the values of Hausser and 
Taylor at the region near 2540A. Figure 151 compares the results 
workers. 

A” curve 
HAUSSER AND VAHLE -/921 

\\ . B" Curve 
\\ WWM HAUSSER ~ 1928 
‘ 

\ Co" Curve 
LUCHKTIESH , HOLLADAY AND TAYLOR 

1930 \t 
\\ 

RELATIVE ERYTHEMAL EFFECTIVENESS 
fe) 
2400 2600 2800 3000 3200 3400 

WAVELENGTH A° 

Figure 151. Relative Erythemal Effectiveness of E 
Various Wave-lengths. Curve 
ing to K. W. Hausser, 1928; 

or, Journal Optical Society of America). 

The energy required to 
untanned skin by the wave-len 
Flogue, of the order of 500,000 eres. 
persons and in different parts of the body of a given person.27 

Luckiesh and Taylor 2% find that to 
or natural sunlight sufficient to give 
Repeated suberythemal doses usual] 
in the cure of rickets. 

*5 Luckiesh, M., Holladay, L. L., and Taylor, A. H., 
26 Coblentz, W. W., stair, R. 

8, 541, 759 (1932). 
*7 See also Adams, E. O., Barnes, B. T. 

Uhlmann, E., Strahlentherapie, 35, 361 

J. Opt. Soc. Am., 20, 423 (1930). 

35, 353 (1929). 
27a M. Luckiesh and A. H. Taylor, J. Am. Med. Assoc.. 112. 2510 (1939). 

ylor,*° using a filter method, confir 
ut found at the shorter wave-lengths Vv 
a minimum at 2800A to Z400A, the s 
ed the reflectance of the skin for 
or wave-lengths shorter than 3100 ‘1, 
nd Hogue *® tended, however, to resemy 
Vahle than those of Luckiesh, Holl 

med #] ! 
Bats: a ° e 

Alye cance sinc 

hor Q 

Varig, 

aday ay 
OF thes 

qual Amounts of Radiant Energy a 
A, according to Hausser and Vahle, 1921; B, accord 
C, according to Luckiesh, Holladay and Taylor, 1930, (Luckiesh, Holladay, and Tayl : 

produce a minimal perceptible erythema on a sq. cm. 0 
gth 2970A is, according to Coblentz, Stair and 

There is considerable variation in different 

produce tanning, exposures to artificial 
an appreciable erythema are required 

y do not tan, although they may be effective 
With an S-4 sunlamp emitting chiefly narrow bands at 2967, 3022 and 3130A, an exposure of four minutes at a distance of 2.5 feet was 

» and Hogue, J. M., Bureau Standards J. Research, 7, 723 (1931); 

,,and Forsythe, W. E., J. Opt. Soc. Am., 21, 207 (1931)5 (1930); Hausser, K. W., and Schlechter, E., Ibid., 27, 348 (1928); Keller, P., Ibid., 34, 129 (1929); 
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minimal perceptible erythema 

roduce on the human arm a sides nin 
‘and ad co the irradiation. ‘To produce a minimal eins ie a 
sib prone h later, an exposure of 7.5 minutes was require ‘ ‘atid “WEE 
<aiple tW° —— howing the relative tanning effectiveness of vario 

i 

. 

as oa? Sera similar to the erythema curve except at ae ieipe 

engthS: a ~— eden Wave-lengths of 2500-2600A are a =A Manoariian 
ther side 0 h they may cause a strong erythema. ‘There 1s so aeive-w blow 
in ois | er than 3300A may produce immediately atte = ice ee Siena: 
Sesion with but little inflammation. This is of little prac 

hibitive. fp pigment the energy densities and times of exposure required are pro 

a? 

thema production at 2970A corre- 
jt must be noted cat Can peg cell constituent, shabieienci 2 

sponds to the ee upon the epidermis alone, in which there was : hai a 
The oes ie in ilarity to the absorption of proteins. ‘That the ae nae Bea 

| Bir deere’ © ain lies in the region of the least toe iaeeh Sete, is a Wa Greatest i. usser and Vahle and by Bachem to indicate that a ean 
nterpreted Bs ie the deeper layers rather than in the epidermis. an wie Sho 
process effecte hema produced by wave-lengths of 2500A differs in c eat 4a aie 
dence that oe oe 20708 in the shade of redness particularly. The Sr ane 

that Be. produced more rapidly and is more aaa raid tilt pro- shorter T of redness, results in ae 

ng Bi osace ‘6 He ee ayats insufficient to produce a severe and lasting yided the € 

ki 
1) ; 

he 28 noted that the absorption of tryptophane and daean ad pana, 
eo sh t 200A on the short wave-length side ot ise svete e at at ets 2 em er. that in alkaline solutions, the absorption of ak ae He points out, te ee er wave-lengths in closer correspondence to the at mi 

- least is eed a Shit ra due to salt formation of the phenolic aN Tor 4 curve. .t bl te occur when the amino- acid is bound in a aera phe 
- ad ieee he calculated the energy effectively absorbed 4 ‘ ei it ¥ given incident i aeons of epidermis beneath 25 micra of corneum an aes ico 

"tontained in ; Stel tyrosine solutions in concentrations roughly edgy are ss 
_ with that of alka “a anes From the marked similarity of the resulting mae 

| wy acd Me orptioh by tyrosine to be SCE to the Lee tal eee he conc ‘ 4 to per cent o 

oe SA amelie pe ‘hts was sufficient to produce me mee | _ energy at 7 ae irradiated 0.4-per cent aqueous solutions of ae eee, 
Oe te itt unfiltered light from a mercury arc. In ait-tree tig t in: the 

} Bice epectrographic changes could be ee a Be :. aes brown 
tA - through a 

ae - oad au seen 5 Siac nes believed, as many oe) ue 
2 olor pee i ig t oxindo- compounds and then melanins which are sickle 

| ihe Bee of the skin. During irradiation the chi ET REETRS IE ee : nc : i ine’ Spec : extended into the ; visible region a “Feel ie Maal aie terodie or trypto- 
 Spiegel-Adolf obtains photosynthetic melanit utral solution.?® 
 phane in alkaline solution or phenylalanine in ne 

A 

 %Frankenburger, W., Naturwiss., 21, 116 ani 

2 Spiegel-Adolf, M., Biochem. J., 31, 1303 (1937). 
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That the process underlying erythema formation is not that of a simple a 
coagulation was the conclusion of Clark 2° from a comparison of the tem q 
coefficients of the two types of reaction. That for erythema formation x “Ta 
human and 1.9 in frog skin, but that of the coagulation of proteins (at least 
second stage) is very high, being over ten. . 

The production of melanin by irradiation of the skin has been effeg 
Lignac,?! but irradiation of four minutes produced the same amount of Di 
tion in live skin as several hours of irradiation in dead skin.32_ 
mann and Nickelsen 23 believe skin contains other dye-forming substances , 
tyrosine, capable of darkening without enzymes in light. Intense solar irradj ” 
of a normally pigmented individual causes the appearance of a melanin react 
the Thormaehlen reaction, in the urine, but this is not observed in the calle 
previously irradiated and tanned individuals.34 | a 

Nea ee Id in irradiated histidine solutions, histamine cou . ne it would appear that in irradi 
vations i in very slight concentrations, probably insufficient aia ee 
Bey pe pres’ of erythema. Ellinger 4° found no difference in effects : ee 
pyasodilatan the cat or on the surviving guinea pig pita ae a ae 

irradiation. Hrankenburge fore and after ultraviolet irra ers m skin be a Bea lex one, since strong erythema can be p “ 4 reaction is a complex one, istidine. pine cr¥"0 Oe of wave-lengths (3100 to 2750A) RS ee eae man wie oe. ine or some other erythema-producing subs ed } , if histamine i d that the changes induced in c sl 42 also suggeste iC ndirectly produced. € ; . hi h it forms a part and Bygst be 3 ied by changes in the protein of whic mv ompanied by chang ate nes sine are gee : nature which increases the permeability of ot membra 

r. Be cinces of histamine-like nature normally present in cells. oa ec en 
4 workers have attempted to Svea a Eee aah d Waller 41 
Various ° ity of the effects produced. , the 

radiated ee iceues are heated simultaneously with or shortly Re pce the eve that Weave d or suppressed. On the other hand, exposure 
ythema 1S 

88, By 

The administration of vitamin C does not affect the pigmentation of hy following ultraviolet irradiation, according to von Drigalski.® 
Schade ** believed the daily administration of this vitamin for ten 
with an Alpine lamp prevented subsequent pigmentation. 

man h J On the other 7 days after irradigti +14 42 ‘di lieved that _ Hill® and Eidinow also be 
Balakhovskii” claimes ty ajation increases the jag Mame ecm with the quartz lamp. Schall and application of carotene in water or dilute alcohol to be beneficial in curing ultrayiol y eremia tends to increase the 

burns. Taviol y ; i h. effect. | hner,“* however, found little if any such al 
\ jus an ae Awe that repeated ie te a ea he m Le he first few treatments a mor ; hyperemia. At skin produced i tments there was little itching and scarcely any hyp h as the mer about three treatm treated became less sensitive to other irritants, a 

meme time the spot so trea er the exposure of the entire back to the lamp, 

fon i fe iiceast Signs, a more Sigel anne eased in eee a oly 
e skin O lutions, but this hypersensitivity 

gcntancously of mopman stated that by giving repeated doses the skin may be 
a tolerance to ultraviolet light so that the oe a ena aekiod “an 

gndueed to develop a ent of its normal value for the individual. The: rea os ae! 
to as low as 8 De : d may play some part in this acquired tolerance, ae 0 Seed at 

ie Pe ably Pe cerned Relatively little is ee exactly about the pro 
are pro : : em to be concerned. hee ° : 
tolerance. | eee cies ee ae been observed. After rats aye eet nea oe at 

ecsily vith chlorophyll, the erythema and hyperemia as d oa 1s, according Bemonea a kin were much more pronounced than in uninyjecte geste isc lation 

eee ct ne. ‘ There has also been reported a case in which an alco oF scnutioed 
1. ate hen rubbed on the skin penetrated to the deeper ae han ee ey 
of oP f hort exposure of the treated part to red or to ane et Soft! found 
enn Bithou h the surrounding untreated parts were acta to be independent eens, i. ese the erythema due to light. This he believe a of linseed oil a cnc of a sensitizing dye such as chlorophyll or the eee Sap eeenny 

a Bis sndependent of the horny epithelium. Instead, he believe F nile fake rend 
Becence of free alkali. A weakened erythma results from a bps ae alcoholic sali- ‘ iccolved soaps and absolute arta radia pte tei gccordins 

eylic acid solution. The pit of ie are pralreatmertt with a salve of pH 2.7 
Marchionini and Hovelborn,” who tfounc er alye required two and a half 
increased its sensitivity. Skin treated with an alkaline s 

47Ellinger, F., Arch. Exp. Path. Pharmakol., 149, 343 (1930). 

41 Shattock, F., and Waller, M. D., Lancet, I, 917 (1929). 
6rd d Urban, F., 

4 Till, I... and Eidinow, A., Lancet, II, 299 (1924); ees Tdrék, L., Lehner, E., an 

Krankheitsforsch., 5, 293 (1927); Chem. Abs., 22, 4167 ( ; 
: x -8). Schall, L., and Alius, H. J., Strahlentherapie, 26, 649 (1927); 27, 769 (1927-8) 

“Cramer, H., and Fechner, G., [bid., 39, 474 Cipst) ae a) Abs., 22, 4166 (1928). 
45 Lehner, E., and Urban, F., Krankheitsforsch., 4, 381 Sra mein 34 1053 (1937). 
Be achienoni, E., Boll. soc. ital. biol. sper., 11, 428 er pete ne 2 

Lewis has long considered histamine or histamine-like substanc 
tance in the production of erythema, whether 
or electrical causes.28 The mechanism of th 
appear to be a nervous one, since erythema may be produced after the nerye supplying the skin have been cut. Novocaine injected intradermally does lesge 
erythema formation, but this may-be due to an internal filtering action. Krogh: 
believes that, although histamine may be formed, the predominant dilating cop 
pound in ultraviolet erythema must be a material of extremely low di | ffusibility 
Otherwise it would diffuse into the blood through the enormous surface of th 
dilated blood vessels and thus be lost. | 

In a preceding chapter, mention was made of the belief of Ellinger the 
histamine may be photochemically produced by the decarboxylation of histidine 
Frankenburger, however, pointed out that the absorption of histidine is great only 
at wave-lengths too short to permit the erythema curve to be accounted for by ¢ 
direct action on histidine. He did, however, suggest that when this amino- acic 
is bound in peptide linkages, its absorption spectrum might be sufficiently displace 
toward the longer wave-lengths to permit some absorption and photochemica 
change. He also described the production of a new absorption band at 3150 te 
3200A during the irradiation of histidine solutions in the absence of oxygen. This 
new absorption did not resemble that of histamine, and histamine itself when 
irradiated also exhibited a new type of longer wave-length absorption. From his 

Clark, J., Am. J. Hyg., 24, 334 (1936). 
81 Lignac, G., Nederland. Maanschr. Geneesk., 16, 496 (1930); Chem. Abs., 24, 1873 (1930). 
82 See also Lovisatti, N., [Forsch. Geb. Réntgenstrahlen, 44, 235 (1931); Chem. Abs., 25, 56am (1931)] for the function of the melanotic pigments in increasing the ultraviolet tolerance. : 
83 Schmalfuss, H., Bussmann, G., and Nickelsen, O., Arch. Dermatol. Syphil., 175, 39 (1937); Chem AUS., 31, 5422 (1937). 

es of ima 
by irradiation or by heat, mechanic 
eir liberation by irradiation does 

i 

8t Risak, E., and Asperger, H., Klin. Wochschr., 11, 154 (1932); Chem. Abs., 26, 3553 (1932% 
85 von Drigalski, W., Klin. Wochschr., 13, 1374 (1934); Chem. Abs., 29, 1138 (1935); Tenchio, Fa Klin. Woch., 13, 1511 (1934); Chem. #bs., 295.1139 (1935). 4 
86 Schade, H., Klin. Woch., 14, 60 (1935); Chem. Abs., 29, 4045 (1935). . & 
37 Balakhovskii, S., Compt. rend. acad. sci. U.R.S.S., 1, 28 (1934); Chem. Abs., 28, 2736 (1934). 

; 4); Ann. de D eKitchevatz, M.. Compt. rend. soc. biol., 116, 675 (1934); Chem. Abs., 28, 5839 (1934) : ‘< ‘ e . 99 d Dermat. et Sybh., 5, 293 (1934). 1 ; ve ee T., “The Blood Vessels of the Human Skin and Their Responses,”? London, Shaw and EP rit, ad Sir shlentherapie, 40, 351 (1931); Chem. Abs., 25, 3675 (1931) 

89 Krogh, A., “The Anatomy and Physiology of the Capillaries,’ New Haven, Yale University 
Press, 1929. _ 

ili. ; . Abs., 30 
49 Marchionini, A., and Hévelborn, C., Arch. Dermatol. Syphilis, 174, 251 (1936); chee s., 30, 

ero91 (1936). 
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times as much exposure as the acid-treated skin to produce an erythema. L believes peroral administration of an isotonic mixture of calcium, potassium 4 ae nesium salts to decrease the erythemic response. | ue mn Irradiation of the skin of the guinea pig previously injected with me decolorizes it irreversibly. The skin of the frog similarly colored is decolori.. darkness but the color is restored on irradiation ®= Wohlgemuth and Sugihara aed suitable irradiation of a guinea pig with natural or artificial sunlight to ‘Oy ki Bil : fi Cause in " sxin an increase of the enzyme phenolase, some decrease in lipase and a notable deed in diastase. 
7 

i The blood enzymes were not affected. Other workers have peutic doses of ultraviolet light to affect the intracellular oxidase, catalase of the skin. Natural sunlight injures somewhat lactic acid, but artificial 

A 

Shown the 
aa PETOXidase 3 

the ability of the skin to Drow 
sunlight is more injurious and x-rays even more go's Od puder™ found irradiation of the skin up to beginning erythema to affect the ditt an of chloride, calcium and potassium ions. Changes in the contents of water, sod potassium and calcium in the pigmented skin of rabbits after its irradiation by tl aN violet rays proceed in the same direction and reach the same values as in unpigment’ skin.” The contents of sugar and glycogen in pigmented skin are less than in ona mented skin, but the changes on irradiation proceed alike. No habituation could observed in the changes in mineral and carbohydrate metabolism of the skin afte irradiation. 

Skin irradiated with ultraviolet light shows an increase in cholesterol content from 7 to 150 per cent, according to Roffo.™ The skin from various parts of the fa.. contains from two to seven times as much cholesterol as skin from the abdomens of the same persons, and the distribution in the face is roughly proportional to the amouns of exposure to the sun. Roffo also believed that there was a direct relationship betweer the frequency of skin tumors and the proportion of cholesterol in the skin. Tf white rats are kept in darkness there is a lowering of the cholesterol content of the skint These results were confirmed by Kawaguchi.® i _ Loewy and Cronheim™ find that the non-protein nitrogen of rat or is not affected by five hours of irradiation, The chlorine content decreased either jr darkness or under ultraviolet irradiation, Potassium was lowered by irradiation ane unaffected by darkness in the rat but increased in guinea-pig skin. Magnesium was increased by irradiation but the calcium content was not altered. Beck claimed locaf applications of a Vitrisol preparation made by prolonged irradiation of spinach gaye good results in the treatment of acne vulgaris and lupus vulgaris. In the repair of cutaneous lesions, cholesterol has the greatest healing action, followed by irradiated ergosterol and then ergosterol." It has been stated that in scleroderma, treatment with massive doses of the vitamin reduces the abnormal calcium deposits from the skin before that element is removed from the bones.2 The antigen-antibody reaction in skin jg inhibited by ultraviolet irradiation, according to Albus and Feldermann The total 
50 Papcke, G., Arch. Dermatol. Syphilis, 168, 476 (1933): Chem. Ab$s., ‘28, 525 (1934), ff 
ome 'P., and Rochette, J., Compt. rend. soc. biol., 122, 221 (1936); Chem. Abs., 31, 3069 

52 Wohlgemuth, J., and Sugihara, N., Biochem. Z., 163, 260 (1925). 
58 Wohlgemuth, J., and Ikebaka, T., Biochem. Z., 186, 43 (1927); Chem. Abs., 21, 3632 (1927). 
54 Harpuder, K., Z. ges. Exptl. Med., 76, 724 (1931); Chem. Abs., 26, 4834 (1932). . 55 Kaplanskii, S. Y., and Kaplanskaya-Raiskaiya, S. I., Arch. sci. biol. (U.S.S.R.), 39, 169, 175° (1935); Chem. Abs., 30, 7185 (1936). 

q 56 Roffo, A. E., Bol. inst. med. exptl. estudio cancer, No. 39, 358, 390 (1935); Roffo, Tbid., 41, 41 (1936); Chem. Abs., 31, 4347 (1937); Bol. ist. Med. Expil., 26, 1304 (1932); Compt. rend., 201, 566 (1935). 
57 Roffo, A. H., J. Physiol. Path. Gén., 29, 739 (1931): Chem. Abs., Path. Gén., 30, 345 (1932): Chem. Abs., 26, 5330 (1932); Bol. inst. med. Abs., 29, 5871 (1935); Arch. elect. med., 42, 425 (1934); Chem. Abs., Jr., Bol. inst. med. exptl. estudio cancer, 14, 447 (1937); Chem. Abs., 
58 Kawaguchi, S., J. Biochem. Japan, 15, 111 (1932); Chem. Abs., 26, 2995 (1932); see also Choro- zak, T., J. Physiol. Path. Gén., 31, 408 (1933); Chem. Abs., 28, 3473 (1934). 
5° Loewy, A., and Cronheim, G., Biochem. Z., 256, 411 (1932). 
% Beck, H., Miinch, med. Woschr., 74, 1129; Chem. Abs., 22, 4655 (1928). For the use of Viosterol in acne, see Doktorsky, A., and Platt, S. S., J. Am. Med. Assoc., 101, 275 (1933). 
6 Tautini, E., Sperimentale, 89, 712 (1935); Chem. Abs., 30, 7696 (1936); see Kemmler, H., Mitt. © Grenzg. Med. Chir., 43, 453 (1934); Chem. Abs., 29, 5927 (1935). 
a ere T., and Struck, H. C., Arch. Dermatol. Syphilol., 35, 188 (1937); Chem. Abs., 31; 148 ov). 

; 
% Albus, G., and Feldermann, F., Klin. Wochschr., 17, 1702 (1938); Chem. Abs., 32, 6677 (1938). 

guinea-pig ski 

A. H., Trg 
6, 370 (1929); Chem. Abs., 

26, 2993 (1932); J. physiol. 
exptl., 8, 32 (1931); Chem. 

31, 6682 (1937); Roffo, A. Eau 
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bbit skin appears to be increased following irradiation, probably because 
rabbi : of { 

oe tion of tissue proteins. 
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. 

urn Creams and Protectiv 
~ gynb 1 3 

r prevention of sunburn are on 

65 alowan %6 states that the o in 
- Dt ait light. Prominent constituents are elves 
ly in u ee homologs. Eder and Freund 67 propose salves renee 

4 Edition to esculin or naphtholsulfonic acid, lithopone 
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SS iets ‘tia 09 employs a polyhydric alcoholic 
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1 : inc sulfide with abo 

. see Pe ert eee together stearic acid 170, glycerol 
. e made by heating and mixing id ond Ware oe 

ex. Rae, and 10-per cent aqueous ammonia, 50. When cold, 
910, wa ’ - essence was added. ~ s 

‘ The I. G. Farbenindustrie ™ 

ryl benzothiazoles. Issermann, 

sd ent of an amino- or substituted amino 

ad in peanut or almond and mineral oils. 

| 4a effective component.”4 

In the past, quinine bisulfate was 11 ae 

r.7 Other materials specified in the I. er sare eee 

- tided stilbene, 2-phenylindole, g-phenylcinnamonitrile, 
2 ; : pe) ie eae 

Bie cole u-methyinaphthoxazole and Fe er ciseaidacolesaltonnte i 

“i ini 7 odium p ng oak bark extract. : aaa 
a cream ‘ . a sharp absorption of wave-lengths in we bad LvGaran 

pA are claimed by Merkel and Wiegand to absorb noxious ray 
a 

TT 
ing tanning rays.” 

"a has been claimed that sunburn 

been given intravenously and bergamot o1 

e Salves. A great number of skin creams 

the market and some contain materials which 

‘ntments which protect fluoresce 

f titaniu 

Pic acid of o- or p-hydroxybiphe
nyl. 

¢ salicylic acid, such as glycerol or g 

potin 

cect O° ~ 
or wi 

purn. 

of a © 

proposed such substances as aryl Neale rast 

Ohlsson and Orelup propose about : . 

benzoic acid, as benzylamino-o-benzo 

73 Jordan suggests dibenzalacetone as 

| i to act as an 
tly employed in salves 

ede ert G. Farbenindustrie patents 

does not follow exposure after “ann C has 

il has been applied to the skin. 

89 (1937); Chem. Abs., 

64 Matusis, I. I., and Grechanovskii, Bull. biol, med. exptl. U.R.S.S., 3, 489 ¢ : 124 

pan 
., Drug 

ae i i e: Lendle, A., Pharm. Zig., 81, 903 (1796) 5 PEamihovaiey> rae fos 6 For eae ear (1938); Van Itallie, P. f., Dey oe ea ‘bid. 1, 92 (19375; Good- 

By. Anaistir 1.. Riechstoff Ind, Kosmetik, 11, 218 (1936); Karl, B., [bids ts oy 215, 
4 i as ° 144 (1937); Augustine, No. 6, 47 (1937); Boéhme, H., an Svensk Kem. Tids., 50, . Perfumer, 34, No. 6, 8); Heber, C. F., : 9. 97, 113 sy alicch, ibs gies ee wr Aas ) Gattefossé, Parfumerie moderne, 32, 
‘ ens * ” 9 ? (1938); Calame, A., Set 

ae n. L. S., Seifensieder-Zig., 61, 335, 353 (1934); ster Cae ANE ain, tiga 

a _ M., he Freund, L., Austrian 'P. 138,527, Aug. 10, . 
67 er, J. °9 9 = 

Hall, a, A., Ls S. i? 2; 81,1 1 9 Ma y 18, 193 9 to Colga c Palmoli V e e€€ °9 

1936). 
TD in otach, F. BE, U. S. P. 2,041,874, May 26, 1936; Chem. an et Seen SS. B. 1,779,891, Oct. 28, 1930; Chem. Abs., 25, "59. 992 (1938); Brit- 71 Risler, = (ee S. P, 3 > 9 res Farbenind. A.-G.; Chem. Abs., ? 

1934, to I. 
7 French P. 770,912, Sept. 24, ’ | 7" 

Ss Sept, ee d Orelup, J. W., U. S. pr'2.102,712, Dec, 21; 1937; Chem. Abs 
an 9 e =9 e 7% Issermann, S., Ohlsson, E., 

1938). 
ee, A. “German P. 652,929, Nov. 10, 1937; Chem. Abs., 31, 1410 (¢ ) 

1% See A H. H., Am. J. Nursing, 38, 791 waits wee a 

7% Schwarz, H., Seifensieder-Ztg., 64, 518 (1937); : m 

38; 

M Merkel, Boy and Wiegandy CoO og, 960, (1987); Chem, Abs, 3, 8015 
78 Urbach, E., and Kral, F., Alm. Woc ., 16, 

Chem. Abs., 28, 4836 (1934). 

Chem. Abs., 31, 

31, 6413 (1937). 

Chem. Abs., 32, 1869 (1938). 

(1937). 



744 THE CHEMICAL ACTION OF ULTRAVIOLET .RAYS PHYSIOLOGICAL EFFECTS OF ULTRAVIOLET RAYS 745 

Secerov 79 found that after five to forty hours of exposure to ultraviole t o normal shortly after the irradiation was discontinued. The adminis- 
¥ave ; ; Seeppea to norte. : ies, 89,.found 4.d4A6 the hair of a white guinea pig became yellow. In rats the production of alopec:. Bion of iodine did not increase nor prolong the Sect. arent iB ae noon July 

by thallium is said to be reduced or retarded by the action of ultravi “la 13 increase in oxygen consumption in persons expos 

7 Tays, He os been stated 9 that in certain persons the quartz mercury lamp may 

e a fall in total metabolism. This is the effect when the blood bilirubin 

or if the skin is abundantly pigmented or if there has been praca 

| tion of buckwheat. The effect is ascribed to photosensitization. 

a sen 92 found solar irradiation to stimulate the protein metabolism of 

. shown by an increased nitrogenous excretion. This was still further 

sabbi's . by sensitizers such as dyestuffs and potassium iodide. Liebesny °8 fed 

gncreas© a a constant diet of horse tripe and found exposure to the ultraviolet 
ipvo dogs a mercury-vapor lamp to cause an appreciable reduction in the nQhene 

xe and in the total nitrogen, creatinine, and neutral sulfur content. Yoshine 
oi u 

which also accelerate the regeneration of hair in the bald spot.8° 
. Light may be concerned in the production of ‘argyria, the deposition of 

in the skin, after internal administration of silver salts.81 The same ma 
true of chrysiasis, the deposition of gold, after prolonged treatment with the goiq 
compound, Sanocrysin.82 | q 

prod Silvey 
Y also he 

METABOLISM AND CIRCULATION 

Only after very intense irradiation is the general body temperature elevateg 
When a sufficient amount of tissue damage has been done there may be a feyas 
similar to that which follows the injection of protein destruction products. Tha Be eryed a slight rise in the positive nitrogen balance of irradiated dogs if ae 
effects of irradiation upon the basal metabolism are of little importance, During pops ngure was short, but this changed to a negative balance when longer exposures 
irradiation it may be increased by as much as 18 per cent, but it quickly ~ exp e given. Longer periods of irradiation led to disturbances in the absorption of 

. wer ‘ 
Ng the enoenous substances in the intestine and to a refusal of food. The slight irradi- 

ii hich caused the positive balance consisted of a one-hour irradiation on each 

a ee consecutive days. The severe irradiation consisted of four hours of 

E> 4 a daily. Fontés and Yovanovitch ?° believed that the exclusion of light 

oo , es the nitrogen metabolism nearly to the level attained during sleep, and 

he decrease during sleep while exposed to light is less than that in sleep in 

Benes: On the other hand, Mayerson, Gunther and Laurens eo found that in 

it fogs transient increases in the endogenous nitrogen se aan * Heh 

absorption of calcium and phosphorus from the intestine, resulted w = the mn fe 

were taken from light to darkness or vice versa. It was concluded t - we eT 

tion from the usual supply of radiant energy acts as a transient stimulus to 

m ‘ processes. . 

Bs ccure of normal men, women and children. to summer See or a 

carbon arc causes an increase in creatinine excretion during the ae . Lon 3 

tion, according to Eichelberger,?? but for a few hours Hees ‘ fal a 

decreased excretion. No effect was observed on the excretion of creatine 

etabolic rate. ; . 

a es. and Schadow 98 studied the nitrogen balance of a series of children, 

first in Hamburg and again at the sea-shore. In spite of inadequate ane 

retention is increased under the latter conditions, even although the wae te 

not be increased. Other children remaining in Hamburg and treated kare arti- 

‘ficial ultraviolet light showed irregular effects, but in some a positive nitrogen 

balance was obtained. 

to normal on the cessation of irradiation and remains unchanged duri 
erythema state.88 Harris 84 found that ultraviolet radiation exerts a stimulant 
action on the gaseous metabolism of small animals and on the movements of the 
isolated stomach of the frog. This stimulus he believed to be completely annulled 
by visible radiation, the antagonism being physiological rather than physical. He 
also stated that exposure of an animal to the mixed radiations of a powerfy] — 
source of light depresses its heat production, the depression being greater in pig. 
mented animals than in albinos. 

No effect on the basal metabolism of healthy men, mice or rats could be 
observed by Campbell 85 on exposure to a mercury-vapor lamp, or to its rays 
when filtered through Uviol glass, or to visible light. On the other hand, Sonne 86 
found that the oxygen consumption of the chrysalids of the meal worm could be 
accelerated by light energy of from 1 to 200 gm. cal. per minute per sq. cm. The 
shorter wave-lengths had the greater effect. There was an increase of about 
40 per cent during an exposure of 45 minutes to the unfiltered light of a Kromayer : 
lamp, of about 20 per cent when a glass filter was used and of about 10 per cent. 
when both a glass filter and a methylene blue filter were used. Yellow light had 
no influence on the respiratory metabolism. An increase of about 15 per cent per- 
sisted for several hours after irradiation by unfiltered light, but there were no 
after effects following irradiation by filtered light which eliminated the central 
band of ultraviolet frequencies. 1 

Crofts 87 observed a 14-per cent fall in oxygen consumption in canaries on 
ultraviolet irradiation. This was followed two to six days after the exposure by 
a rise of 21 per cent. In normal rabbits and in six normal human sub jects, no effects 
were noted which could be ascribed to the irradiation. Lippmann and Volker 8 8% Crofts, E., Am. J. Hygiene, 8, 1014, 1024 (1928); Chem. Abs., 23, 2466 (1929). 

found a slight increase in human subjects (10 to 18 per cent) but the metabolism 8 Lippmann, A., and Vélker, H., Klin. Wochschr., 7, 213 (1928); Chem. Abs., Se (1928). 

9 Mélka, J., Bratislava Lekarske Listy, 6, 50 (1926); Chem. Abs., 22, 4137 (19 mf sais Cibo 

99 Mason, D. H., and Mason, H. H., Arch. Int. Med., 39, 317 (1927); Chem. Abs., o Sear 

% Summarizing lectures on the effect_of light on metabolism have been given by Pincussen, L., 

Strahlentherapie, 48, 308 (1933) and by aa E., Ibid., 319. 

2 Pincussen, L., Biochem. Z., 150, 36 (1924). 

% Liebesny, P., Z. Physik. Diatet. Therap., 24, 182 (1920); Chem. Abs., 15, ee: (1921). 

% Yoshine, S., Strahlentherapie, 18, 201 (1924) ; Chem. Abs., 20, 1430 oe A pee 

% Fontes. G.. and Yovanovitch, A., Compt. rend. soc. biol., 93, 269 (1925); Chem. Abs., 19, 

25) | 

96 Mayerson, H. S., Gunther, L., and Laurens, H., Am. J. Physiol., 75, 399, 421 (1926). 

7 Richelberger, M., J. Biol. Chem., 69, 17 (1926). . 

98 itiass R and Schadow, H., Jahrb. Kinderheilk., 127, 1 (1930); are te 26, 763 (1932); 
see also Ferri, U., Pediatria Rev., 38, 1110 (1927); Chem. Abs., 22, 2599 ( : 

7 Secerov, S., Compt. rend., 158, 1826 (1914). : ; 
8° Buschke, A., and Vasarhelyi, J., Klin. Wochschr., 11, 678 (1932); Chem. AOS 5° 2b 7 79 (1933). 
Si Lenartowicz, J., and Jalowy, B., Arch. Dermatol. Syphilol., 9, 483 (1938); Chem. Abs., 32, 1 9266 (1938). 

. 
82 Schneidewind, A., Albertal, M., and Trajtenberg, S., Rev. asoc. med. argentina, 52, 792 (1938); 

Chem. Abs., 32, 9264 (1938). 

88 See, however, Kestner, O., Peemdller, F., and Plaut, R., [Klin. Wochschr., 25 2108 (1923)], 
Kestner, O., Peeméller, F., and Schadow, H., [Pfliiger’s Arch. ges. Physiol., 217, 473 (1927)], and — 
Kestner, O., and Schadow, H., [Ibid., 217, 492 (1927)] for a different point of view. | | 

% Harris, D. T., Proc. Roy. Soc., 98B,-171 (1925). 

85 Campbell, J. A., Proc. Roy. Soc., 99B, 451 (1926). 

86 Sonne, C., Acta Radiol. Skand., 5, 419 (1926); Chem. Abs., 21, 1139 (1927). 
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‘ 

Pincussen, Bayerl, Briick, Gérne and Rothmann,®® believed irradiat 
pigs with infrared, visible and ultraviolet light to cause, in genera] 
elimination of total nitrogen and of purines. 

The discrepancies in these reports are due, in part, to the differences ; 7 
subjects and the nature and duration of the exposures, and in part to the A 
following irradiation when the observations were made. It is apparent th m 
very marked changes occur in most individuals. Lehmann and Szakall 100 - 4 
the effect of ultraviolet irradiation at weekly intervals lowered the basal] 

of the adrenalin present in the serum. During irradiation in vivo, how- 
e is no such change.107 

ec pease 

fi P 

ation 
» Creag, 

EFFECTS ON THE BLoop 

’ he effect of a general irradiation of the body upon the formed elements of 

q cod is not remarkable, at least in normal individuals. The literature is 
the Bc but frequently contradictory. To summarize the individual papers would 

F : : Metap, E the reader with a feeling of confusion, and would consume much space. 
lism of six human subjects 10 to 15 per cent, and increased the capacity for yo ie" d, only a few of the more significant conclusions which it seems possible to 
up to 60 per cent, while decreasing the oxygen debt. The various effects a : instea “1 be stated, together with references to a few papers from which, as well 
believed to be very similar to the results attained by training. When Wet draw W Se iae f an ultr, ) violet-impervious screen was interposed without the knowledge of th : © subje ~ aplete references to other work.108 a) es the increased capacity for work did not occur. Another subject showed a loss « Be everal writers have found no changes induced in the cell count by irradia- 
weight, a lowering of the basal metabolism and a rise in the respirato { TY quotiep 109 It seems to be established that normal men or other animals can live on 
when treated, in contrast to a daily fall in weight and a slight incr tion: te balanced diet for prolonged periods during which sunlight or artificial 

ee ites : a Praction is absent or much reduced without the production of an anemia. 
. The pulse rate is usually unaltered, and circulatory effects Eerdy 110 tabulated the data of some 45 investigators. Eleven reported no 

The blood pressure is usually lowered, but the circulatory chang 
able. As early as 1905, Hasselbalch 191 observed decreases of from 8 to 10 pe 

change in the red cells, while 18 reported an increase and only two a decrease. 

| There were wide differences in the species of animal used, and in the conditions 
cent in blood pressure which lasted for several months following the applicatio a of massive doses of the rays from a carbon arc. He ascribed the effects to ha 

of irradiation, sources, energies and wave-lengths. Her own conclusions, after a 

careful weighing of the available evidence, were that a normal red cell count may 
cutaneous hyperemia. The most thorough recent studies are by Laurens an q 
Mayerson.102 n be very slightly increased and a low one raised to normal by daily irradiations. 

Most observers have reported a leucocytosis after ultraviolet irradiation, but there 

js much variation both in the amount of change in the total white cell count and 

in the differential count. 
~ One reason for the variations in the results of different observers is that, as 

“pointed out by Balderrey and Barkus,4 the primary effect of irradiation is a 

vasodilatation followed by a diffusion of tissue fluid into the blood stream, resulting 

jn dilution and increased blood volume. When the irradiation is long-continued 

or frequently repeated, this effect may be counteracted by vasoconstriction and 

flood concentration. Thus, alterations in blood concentration may tend to mask 

any real variations in the numbers of the various formed elements. At different 

periods during and after irradiation, these opposing effects may predominate to 

varying degrees and cause confusion. Mayerson and Laurens 112 found a single 
exposure to carbon arc radiations to produce a temporary increase in the plasma 

 yolume of the blood of dogs, amounting to 6 to 37 per cent, and followed by 

recovery to normal within five hours. Repeated exposures caused an increase in 

the number of red cells of 10 to 19 per cent, maintained for three to six weeks 
after the final irradiations. The color, volume and saturation indexes showed 

that the cells in the post-irradiation period were usually smaller and less saturated 
than before irradiation. The platelets dropped in number and volume by 35 per 

from the special works cited earlier in the chapter, the reader may obtain more 
aS 

Case in ¢p 

ilu 
are not Prolonges 
es are not remark 

Reed 103 showed that irradiation of the eyes of anesthetized dogs caused 
considerable drop in the arterial blood pressure, but there was no evidence for the 
liberation of a depressor substance into the blood. The effect could not be ascribe, 
solely to nervous factors since it was not abolished by bilateral section of the yas 
and section of the optic nerve. The effect was attributed to a direct action upor 
the blood, since similar effects resulted from the irradiation of the blood circulatin, 
through a quartz tube interposed in the carotid artery. The light used was tha 
of a carbon arc and the results were the same when either the infrared rays 0 
the ultraviolet rays of wave-lengths shorter than 3300A had been removed. Th 
coagulation time of the blood was increased, and it was necessary to use intra 
venous injections of heparin to prevent coagulation of the blood in the circulation, 
There were no marked effects upon the hemoglobin content or upon the red blood 
cells, but the white cells decreased, with a relative lymphocytosis and an absolute 
lymphopenia.104 | 

Rowinski 1% could detect no change in the vasoconstricting power of the blooc 
serum of patients who had taken sea or sun baths. Sidoli1°¢ found that irradia- 
tion of the blood serum in vitro caused a decrease in its power of vasoconstrictior 
roportional to the intensity of th iation employed. This he ascribed to a | eal sp ate ey the rad sa aha | 107 See also Johnson, J. R., Pollock, B. E., Mayerson, H. S., and Laurens, H., Am. J. Physiol., 114, ; t . — 594 (1936). | eines wee ie ee ae ae Ceene E., Gorne, J., and Rothmann, A., Strahlentherapie, 45, 401 a EI RE I RC See eae iA) the absorption 

> ° Se 
9 9 *9 * 4 fe Soe. ae 6 : ® : oe : 7 diat f the subject by Varshaver, G. S., 10 Lehmann, G., and Szakall, A., Arbeits. Physiol. 5, 278 (1932); 6, 84 (1932); Chem. Abs, ® “Arch. sci. biol, (USSR, 4, No.2, 31 (1936)! Chem. Abs.. 31, 7908 (1937). 2396 (1934). 

10 Jaulmes, C., Compt. rend. soc. biol., 92, 268 (1925); Koopman, J., Deut. med. (AP aa 
_ 277 (1924); Chem. Abs., 18, 2197 (1924); Tataranu, I., Compt. rend. soc. biol., 7, ey 9 peg 

| “ae Abs., 22, 1799 (1928); Sinclair, R. D., Sci. Agr., 13, 737 (1933) (in pigs); Chem. Abs., 23, 
5 (1929), 

“0 Hardy, M., Am. J. Hygiene, 7, 811 (1927); 8, 1024 (1928). | 
™ Balderrey, F. C. and Barkus, O., Am. Rev. Tuberculosis, 9, 107 (1924). ee | 

___™8Meyerson, H. S., and Laurens, H., Am. J. Physiol., 86, 1 (1928); J. Nutrition, 3, 465 (1931); Chem. Abs., 25, 2461 (1931). 

101 Hasselbalch, K. A., Skand. Arch. Physiol., 17, 431 (1905); Berlin Klin. Wochschr., 44, 1247 (1907). 
1022 Laurens, H., and Mayerson, H. S., Am. J. Physiol., 84, 524 (1928). 
103 Reed, C. I., Am. J. Physiol., 74, 511, 518, 525 (1925); bibliography of effect of light on blood 

pressure is included. 

104 Reed, C. I., Archiv. Phys. Ther. X-Ray, Radium, 8, 108 (1927). 
1065 Rowinski, P., Boll. soc. ital. biol. sper., 6, 818 (1931); Chem. Abs., 26, 1966 (1932). 
106 Sidoli, E., Arch. sci. biol. ital., 19, 443 (1934); Chem. Abs., 29, 3359 (1935). 
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Toyoda” finds that irradiation of rabbits produces thrombocytogenesis, and a 

a mine-like substance is believed to be produced in the blood, which acts on the 

hista When the irradiation is repeated more than about five times, thrombopenia 
sp is Such thrombopenic rabbits will again show thrombocytogenesis if a fresh 

a. is grafted. When the spleen of a thrombopenic rabbit is grafted to normal 
splot ctomized rabbits, irradiation produces no change in thrombocytes. 
Sp isccording to Tokumitu and Toyota’ the number of platelets increases in the 

at rabbit within an hour after irradiation with rays between 3130 and 3900A, and 

no’ ms to normal after two to four hours. It does not increase in splenectomized rab- 

ret Tn parathyroidectomized rabbits, the increase is more marked than in normal 

cent during the irradiation, with recovery usually within five hours after q 
exposure. Leucocytosis resulted from moderate irradiation but markedly loy, lee 
in the white blood cell counts followed strong excessive exposures.118 Exe Evel 

irradiation also appeared to destroy red blood cells. In experimental aneqil Sty 

animals, there seems to be a more rapid restoration of the red cells after . q 
violet irradiation, although too much or too frequent irradiation seems 4 tra 
definitely harmful44 Although the number of red blood cells and the num ob y beri 

reticulocytes increased as a result of irradiation by the flaming carbon are 4) rc. 4m = : ‘ : ‘ 
corpuscular volume and the corpuscular hemoglobin did not. In fact, the hi the These authors suggest that there exists a specific splenic hormone, which controls 

globin was practically unaltered. On the other hand, in hemolytic anemia “a frrombocy tosis and that its liberation from the spleen is controlled by a histamine-like 
duced by phenylhydrazine, a regeneration of hemoglobin was observed.115 Pro. substance produced in the skin during irradiation. In splenectomized animals the 

. sh rombocytosis on irradiation could be observed if normal spleen had been grafted into 
nutritional anemias, as the milk anemias, results with the carbon arc were ne, 
tive, but with the quartz mercury arc, Foster 116° obtained some evidence of 
beneficial effect. The number, size, and saturation of the red cells were incteagen 

Cramer and Drew found light to act as a stimulus to the formation of bled 
platelets. This has been confirmed by others, including Hardy,l7 Steiner aie “their 
Gunn,118 and, in new-born infants, Sanford.119 NN "which the thyroid, but not in those from which the spleen, has been removed. It is 

: ; : : | that the thyroid has a hormone which antagonizes the splenic hormone and 

Friedlander and Wiedemer *° note that in healthy persons the reticulocytes ee Be tormer is eee with the redistribution of ebytiteclytes Te the irradiation. 
(young red cells ) increase in the spring months as contrasted with the coy r | Carnielli reports that irradiation of rats and guinea pigs produces a considerable increase 
during the winter. They attribute this to an increase in ultraviolet rays from the ~ of the oxidase in the lencocy tet yl tig liye ee ie 

sun. Seyderhelm,121 has claimed that dog blood upon ultraviolet irradiati a | Recently there have been many determinations of the ultraviolet absorption of blood, 

RIEU er Maes Scie Sante ; dd , any of its plasma and serum, and attempts have been made to correlate variations in the 
p property of causing a sudden outpouring uf erythrocytes into the absorption spectra with diseased conditions. These are not discussed, since they have 

blood of dogs made artificially anemic by saponins. The active substance is aggo. not as yet led to any very useful results and because our subject matter is limited to 

ciated with the stroma of the irradiated red cells. Normal blood contains small 

quantities of this active substance. Similar results were obtained in human syb. 

effects dependent upon the occurrence of photochemical processes. 

Macht and Blackman 129 noted that animals poisoned with carbon monoxide and 

jects upon the intramuscular injection of irradiated human cells, the reticulocytosis 
reaching its maximum one to five hours after the injection. The results in per. 

exposed to ultraviolet rays recovered more quickly than controls poisoned to the 

nicious anemia are not as permanent as those obtained with liver. According to 

same degree and kept in darkness. This was attributed to the photodissociation 

Zaepffel,1?? rapid blood regeneration may be produced in anemic rabbits or patients 

of the carbon monoxide-hemoglobin. Estler,8° however, was unable to verify 

by the oral administration of solutions obtained by digesting red blood cells with 

these observations and concluded that the im vitro dissociation of the complex 

with hemoglobin had no counterpart in vivo. Gorkin finds the dissociation can be 

pancreatin followed by exposure to strong ultraviolet light. The final product 
contained histidine, tryptophane and hematin. | 

affected by daylight, but not by ultraviolet light.1%+ 

Goldberg 123 found parenteral administration of solutions obtained by irradiating 

imals. 

the Koh 27 noted that when a rabbit has been irradiated by these wave-lengths for an hour, 

erythrocytes and hemoglobin are increased in the ear vein within five hours, but they 

are decreased in the liver and spleen. No reticulocyte increase was noted in any veins. 

The effect is not due to a regeneration of the corpuscles but rather to an alteration in 

distribution. This polyerythemia of the ear veins can be produced in animals from 

Harris 132 finds that irradiation of blood causes it to give up oxygen at high 

oxygen tensions and to take it up at low tensions. Both effects are irreversible in 

copper or iron plates in water with ultraviolet rays to accelerate the regenerative 
darkness. At about 15 mm. tension of oxygen there is gaseous equilibrium. The 

; taking up of the oxygen by blood in ultraviolet light he believed to be a property 

processes in rabbits made anemic by bleeding. The local anaphylactic reaction is 
depressed by the use of ultraviolet-treated metals. These materials also produce 

of the plasma. In the presence of traces of certain sensitizing substances, iron 

chloride, dyes, and especially hematoporphyrin and chlorophyll, the velocity of 

capillary. dilatation in frogs when injected subcutaneously.1*4 the photodxidation of plasma may be increased up to a hundred fold. The acceler- 

| | ating effect of hematoporphyrin is unaffected by the addition of sodium cyanide. 
It was noted in Chapter 34 that certain proteins and the aromatic amino- acids oe ae also Clark, J., Physiol. Rev., 2, 285 (1922); Koopman, J., Deut. med. Wochschr., 50, 277 

undergo a similar photodxidation. Krebs 18% finds that light affects the hemin 
Aa? 

114 Hobert, H., Klin. Wochschr., 2, 1213 (1923); Chem. Abs., 17, 3893 (1923). 

3 Pe ether oe Taureney ae B) ghee at 4, my oe) see ae eS a a0 and 
ogdanova, G. 'P., Arch. sci. biol. Sed alee dy o. 1, 49 (1936); em. 8.5015 6679 937). : 125 : . 
i Vester. FC, J. Nutrition, 4.0517 (1981). sa om 'Abs., 26, 3008 (1932). ? ' eh G., J. Chosen Med. Assoc., 22, 673 (1932); 26, 856, 1017 (1936); Chem. Abs., 31, 1869 

17 Hardy, M., loc. cit. : 126 Tokumitu, Y., and Toyota, G., Trans. Japan. Path. Soc., 21, 191 (1931); Chem. Abs., 26, 6003 
118 Steiner, P. E., and Gunn, F. D., Arch. Path., 11, 241 (1931); Chem. Abs., 25, 4563 (1931). (1932). 

119 Sanford, H. N., Am. J. Diseases Children, 83, 50 (1927). 27 Koh, M., J. Chosen Med. Assoc., 22, 775 (1932); Chem. H08., 245 2197 .(1933). 

120 Friedlander, A. and Wiedemer, C., Arch. Int. Med., 44, 209 (1929). 28 Carnielli, P., Biochem. terap. sper., 25, 1 (1938); Chem. Abs., 32, 4183 (1938). 

121 Seyderhelm, R., Klin. Wochschr., 11, 628 (1932); Chem. Abs., 26, 4856 (1932). 129 Macht, D. I., and Blackman, S. S., Jr., J. Pharmacol., 23, Proc. 142 (1924); Chem. Abs., 18, 

122 Zaepffel, H., Bull. acad. med., 113, 679 (1935); Chem. Abs., 30, 7657 (1936). j $228 (1924). 7 
128 Goldberg, I. M., Acta. Med. Skand., 85, 136, 147 (1935); Goldberg, I. M., and Boudyline, V. Gee 130 Estler, W., Arch. Hyg. Bakt., 115, 152 (1936); Chem. Abs., 30, 3096 (1936). 

Ibid., 147. 181 Gorkin, Z. D., J. Physiol (U.S.S.R.), 22, 329 (1937); Chem. Abs., 32, 9103 (1938) . 

1% Boudyline, V. G., Acta. Med. Skand., 86,88, 95 (1935); see also Griegel, C. R., Klin. Wochschtr.s 
45, 705 (1936). 

182 Harris, D. T., Biochem. J., 20, 280, 271 (1926). 
183 Krebs, H. A., Biochem. Z., 193, 347 (1928). 
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catalysis of the oxidation of cysteine to cystine by molecular ox 
way that it affects the respiration of living systems. 

The oxygen consumption of red blood cells (and also of yeast cells) 
solution at pH 7.2 may be increased by 50 per cent during irradiation b 
light, according to Suranyi and Vermes.124 Cyanide irreversibly inhi 
normal and the increased respiration. ; 

Flemolysis. Suspensions of red blood cells are slowly hemol 
light.185 Meyerstein 186 found human cells which in physiologic 
were hemolyzed in 13 to 14 days in darkness, hemolyzed in 5 to 
Radiations of wave-lengths less than 2700A are more effective accordine 4. Koeppe.87 Hausmann and Sonne 188 found it possible to sensitize thel me 
the longer wave-lengths of the ultraviolet by means of hematoporphyri Cells 
effect is then most marked at 3130A. Jn vivo this effect could not he a The 
strated, Lohner 189 found arsenious acid to sensitize red blood cells ¢ a 
visible or ultraviolet light. Fabre and Simonnet14° state that choles ae 
lecithin, if irradiated in the presence of hematoporphyrin by ultraviolet light a 
goes a change by which it acquires a greater hemolytic power than it c ae 7 
on unsensitized irradiation. ie “a 

During the irradiation of normal persons a gain in fecal urobili - 
by Teplov and Mesheristkaya.141_ This was eihited to increased ‘hemolyen 
the same time the production of red cells was stimulated, so that the total id a 
of red cells and the hemoglobin content of the blood usually remained cone “4 
In anemic subjects, the apparent regeneration of the blood is explained b a 
overcompensation which causes the rate of the production of blood to ode ha 
rate of hemolysis. At the conclusion of the treatment, the rate of hemolysis sj ka 
rapidly to normal, and the overproduction of red cells also subsides. " 4 

Farkas and Tang] 142 had noted, on the contrary, that in dogs, unless splenect 
mized, ultraviolet irradiation inhibits the passing out of their blood pigment . 

Ward 143 has claimed that the influenza bacillus when grown on blood-a at 
plates is unable to produce hemolysis if incubated in darkness. If it is ‘heal 
exposed to sunlight or artificial light, it shows a definite hemolysis after a tim q 
which depends upon the intensity of the light. "y 

The permeability of erythrocytes to water-soluble substances, such as glycerol, — 
glucose, etc., is said to be increased by light.144 The spectral distribution of the 
efficiency of radiation in decreasing the stability of the red cells corresponds very — 
closely to that of the absorption of radiations by oxyhemoglobin.14° This suggests — 
sah oa effect is exerted upon the hemoglobin rather than upon the colorless cell | 

mbrane. | | 
Although hematin and hemochromogen are not altered by sulfur dioxide in — 

ysen in the .. | 
AI ; 

in yrode 
Y ultravigy. 
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yzed by Visi 2 al salt Solution 6 days in jj hf 

i 

r 

P 

: 
ij 

i 

: " 

184 Suranyi, G., and Vermes, M., Magyar Orvosi Arch., 30, 585 (1929); Chem. Abs., 25, 2162 (1931). 
185 Hausmann, W., and Loewy, A., Bioch Lag At ae 457, 667, 583 (1928); Lepeschkin, W. W., Science i 56g 19315. foe Mg Se 
186 Meyerstein, Klin. Wochschr., 7, 2244 (1928); Chem. Abs., 23, 1438 (1929) 
187 Koeppe, H., Arch. Kinderheilk., 79, 109, 198 (1926). aie 
188 Hausmann, W., and Sonne, C., Strahlentherapie, 25, 174 (1927). 
189 Lohner, L., Biochem. Z., 186, 194 (1927). 

140 Fabre, R., and Simonnet, H., Compt. rend., 184, 707 (1927). 
a ; : 

shh Pepto. I., and Bicsheristkaya, R., Deut. Arch. Klin. Med., 174, 399 (1933); Chem. Abs., 27, 

142 Farkas, G., and Tangl, H., Biochem. Z., 200, 184 (1928); Chem. Ab ’ ’ ’ oe ‘ ‘ 4, aay 268. ©1929), 
us Ward, H. K., J. Bacteriol., 15, 51 (1928). a evauge 

Lepeschkin, W. W., Protoplasma, 18, 243 (1933); Chem. Abs., 27, 3228 (1933). 
Lepeschkin, W. W., and Davis, G. E., Protoplasma, 20, 188 (1933); Chem. Abs., 28, 1722 (1934). | 
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_ There is also a marked decrease of from 

glutathione content of the skin and a smaller decrease in that of the blood. - 

- Keeser 15 believes blue light to have a sympathicotonic and red light 

action. 
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| pness, when illuminated with this compound they lose iron and are converted 

4 | pematoporphyrin-like substances. These differ from Nencki’s hematopor- 

pn tO” in their sulfur content and in their solubility, according to Zeynek and 
Hi, yin ° ° s,e e ° ° 

Fel 146 Under similar conditions, blood pigments also lose their iron and are 

a yerted into porphyrin-proteoses, containing varying amounts of more or less 

Light sensitization of white mice by these products differs 

from sensitization by Nencki’s hematoporphyrin. 

1 staining in the red cells of frogs is said to be materially retarded by light 

horter wave-length half of the visible spectrum.*** 

Falk and Reed 148 found that in blood directly irradiated in vivo, there is a 

but definite decrease in the negative electrophoretic potential of the red cells. 

Sugar and Carbohydrate Metabolism. Frenkel-Tissot 149 believed, 

that people with high blood sugar tend to 

decreased by irradiation by the sun or the mercury arc or by hyper- 

Ithough those with normal or low blood sugar values show a tendency for 

to be increased by the same treatments. Many subsequent observers 

da depression of the blood sugar on irradiation.°® Petersen and v. Oet- 

tingen 11 found that in dogs a short exposure was as effective as a longer one 

in causing a reduction in the amounts of sugar and chlorides in the lymph, an 

sncrease in the number of white cells in the blood, and in the volume and protein 

content of the lymph. 

~ When blood is directly irradiated in quartz tubes in vivo by the method of 

Reed, in anesthetized dogs, the blood sugar is not affected.152 Treatment of guinea 

pigs, cats and dogs with serum which had been previously irradiated in most cases 

reduced the elimination of sugar by the liver.153 } 

 Keeser 154 observed that rabbits. placed in blue light and injected intravenously 

with glucose show a less pronounced and shorter hyperglucemia than those injected 

in daylight. Irradiation also causes an increased content of sugar in the skin. 

31 to 15 mg. per cent in the reduced 

umly pound proteins. 

vita 

gmall 
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a vagotonic 
| || | et 

Ogawa 156 found the reduced glutathione in both arterial and venous blood of 

irradiated rabbits to be decreased immediately after irradiation. After thirty to 

al 
| 

_ sixty minutes, however, it increased markedly. The same was true of the content 

of the oxidized form in arterial blood, but in the venous blood it increased imme- 

diately after the irradiation. 

146 Zeynek, R., and Kittel, S., Z. physiol. Chem., 224, 233 (1934); Chem. Abs., 28, 4079 (1934). 

147 Kedrovskii, B., Protoplasma, 22, 607 (1935); Chem. Abs., 29,3362 (1935). 

US Falk, I. S., and Reed, C. I., Am. J. Physiol., 75, 616 (1926). 

149 Frenkel-Tissot, H. C., Deut. Arch. Klin. Med., 133, 286 (1920); Chem. Abs., 15, 118 (1921). 

150 Pincussen, L., and Jacoby, D., Biochem. Z., 195, 449 (1928); Bloch, C. E., and Faber F., Am J. 

Dis. Children, 30, 504 (1925); Rothmann, H., Klin. Wochschr., 2, 881 (1923); Pincussen, L., and 

Yakota, S., Biochem., Z., 241, 398 (1931); Pincussen, LL... Bt Zing Aas 4 (1934); Klin. 

eesch., 10, 791 (1933); 11,°1231 (1932); Chem. Abs., 26, 56 Strahlentherapie, 51, 537 

4), : 
151 Petersen, W. F., and v. Oettingen, W. F., Arch. Exptl. Path. Pharmakol., 123, 160 (1927); 

Chem. Abs., 22, 276 (1928). 

152 Reed, C.-I., Payte, J. I., and Lackey, R. W., Proc. Soc. Exptl. Biol. Med., 24, 11 (1926). 

153 Holtz, P., Arch. Ges. Physiol. (Pfliiger’s), 226, 578 (1931); Chem. Abs., 25, 2194 (1931). 

154 Keeser, E., Arch. Expt. Path. Pharmakol., 166, 624 Cid32y". 

155 See also von Deschwander, J., who attributes the results to increased insulin formation; 

[Strahlentherapie, 39, 278 (1931); Chem. Abs., 25, 1886 (1931); Strahlentherapie 46, 713 (1933) ; 

Chem. Abs., 27, 3489 (1933)]. 

186 Ogawa, M., J. Agr. Chem. Soc. Japan, 13, 81 (1937); Chem. Abs., 31, 3077 (1937). 

ochem, 
12 (1932); 
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put it was uncertain whether this was due to a decreased breakdown of the 

and two diabetics for a month. In the normal al | ; 
ee but no notable effect on the See ea aie pe a diminution’ Bx or to an ‘ncreased formation of sugar from lactic acid. Later, however, 

diabetics it was joa hanel Houalanouimne siikeon glycosuria, pod Pe _4ssen and Kawakami 16° stated that in the liver and muscles of irradiated 

ished, the general ME BP ics ie nee a elycosuria Were a ois there is an increase in glycogen at the expense of lactic acid. The 

et ae 
adversely affected and a Bet: lactic acid ratio is raised 55 and 45 per cent in the liver and muscles, 

“ b nectively; but in the heart the change does not exceed the experimental error. 

Gorini 158 ae ae ee Sie ee on doses of ultraviolet rays enhance the glucos 

ae 8 epress it. In infants and chi © Metah, 

is increased by ten minutes 
and children, the bl i 

and reduced by twenty mi _ D100d gy 
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by the use of greater intensities, according to Ferrj.159 utes of Irradiation . 

“ney believe the radiations to act in a manner similar to that of insulin. 

By irradiating muscle extract before incubation, Stiven 1 has found it possible 

| ancrease the rate of lactic acid formation from glycogen. In one case the rate 

n alimentar d formation in the irradiated sample was three times that in the control. 

elucemia, the reaction is ha 
na " jacti 

) stened by short and ret Y hype efactic acl 

ta? arded b Yper me 

adrenalin hyperglucemia is always enhanced by irradiation Wes. ra POsures, ha radiation ieads also to alterations of the accumulation of the phosphoric ester. 

» Verah ea t : irradiations resulted in an ‘ncrease of the ester accumulation, but longer 

the glu ic ti ming 
glucemic titer before and after the irradiation of albino rats. In "mined 

& groyp VUE 
exposed to the direct ra a , ys ot the mercury- 
th § Bie eee y-vapor lamp for 15, 3 oe 

— eae A diester nee Ohl 5 Aone ue he cent vente — 
sed with a ood glass filter the values ; ely. In 

and Sir nS ow in direct sunlight, 6, 9 and 12 Scr pS and Lae cent, 

O 
4 

) 
% 

“a 

ae Spee pepe 161 found vera ultraviolet light lowered the fasting 

] e sugar tolerance of rabbi . Stine 

Gust. keptiin -daticness.for of rabbits which had be S 

for a week.162 On th ss en previa 

diff - 
n the other hand, Miller 163 5 

ee ae ee aks level of rabbits kept in darkness oe two ‘ou no 

at of those kept in the light. Nor could a difference in Ce 

S'ucose 

prief 

nes produced. a decrease. The higher rates of lactic acid formation coincide 

vith a decrease in the ester accumulation. In only one of thirteen experiments 

«as the lactic acid formation decreased alter a long irradiation, and in this case 

r e accumulation of ester was almost completely inhibited. 

' Blood pH. During the first hour after irradiation, there is a transient 

plood acidosis in human subjects, according to Kroetz.1’ This amounts to a drop 

of about 0.3 to 0.7 in pH and is ascribed by ‘Kroetz to introduction into the blood of 

the altered proteins or their disintegration products formed as a result of the 

‘radiation. This phase 1 followed by a more permanent alkalosis reached 

about 24 hours after the exposure. In it, the blood pH is raised about 0.05 to 

07 unit above normal::; This is aseribed to shifts of bases from the tissues to 

“the blood. During the stage of acidosis, the blood is hydrated, but in the later 

stages the serum becomes more concentrated. In the early acidosis, the respiratory 

“center is stimulated and there may be some hyperventilation. The alteration of 

the ionic equilibrium in the serum of the irradiated individual is summarized as 

an increase in the ratio K+X (H2,PO4’ +HPO,") /Ca**. Refractometric measure- 

led an alteration in the nature of the serum proteins. The early 

ments revea 

‘crease in blood acidity was also obtained as a result of the in vitro. irradiation 

‘of blood. Hoeber found ultraviolet light to render horse serum more acid. 

On the other hand, Moran and Reed 172 found srradiation of dog blood im vivo to 

fail to produce any constant effect on the carbon dioxide combining power. 

According to Balderrey and Barkus 178 exposure of the human body to. sun- 

light increases the alkalinity ot the blood. The amount of pigmentation present 

has a direct influence on the change of the blood reaction, the greater the amount 

e more marked being the change in the blood pH. In their 

buted predominantly to radiations 

of the light materially influ- 

tolerance be detected. 

Ventral irradiation is said to be mor | - 

stant i e effective than dorsal in pr i | 

Aa manage ete decrease in the blood sugar of rabbits by Sea con 

Besides noting a Pee Tiapemi basi aling An aac Mibine, sted toles ‘_ 

Heit of the cheese yecsont tar Hea which reaches its maximum at dam 

to 9 eae by lgesiolee sea titation Hovelborn 16 found the blood diasta a 

urge and Wickwire 16 find that the a ors , | 

alactose 
lormal rate of utilization of 1 

pie 8 aes ie Sale eee is depressed by ultraviolet adit 

aes 5 td Se ; a dition of insulin to the medium and was thought t ‘a 

Pincussen and Jacob ae meee living cells by the irradiation. " 

ie) Sete aa same the lactic acid content of the whole blood of 

in the serum eee i o 30 per cent shortly after an irradiation. The content 

oe SeEpree nae ee nereases. T’he authors suggest that during irradiation 

poustierabtelpart of th ae las may increase so as to permit the passage of a 

eae See sds acid into the serum. The glycogen of heart and 

a DY ed all, decreases slightly, although the total carboh drate. 

és rably. It appears therefore, that irradiation causes a sata ofl 

158 ee Se een 757 (1933); Chem. Abs., 28, 1401 (1934) | 

a eae ee es Rivista, 35, 1110 (1927); Chem. Abs., 22, 2599 (1928) 
, Riv. clin. pediatr., 28, 217 (1927); Chem. Abs., 22, 619 (1928). 

160 Ceruti : é 
ruti, G., Boll. soc. ital. biol. sper., 3, 30 (1928); Chem. Abs., 22, 2383 (1928) oe 9 . 

161 Kallés, P., and Kallés-D 
| 

Re eae eas 6s-Deffner, L., Strahlentherapie, 50, 191 ° 1034: 

OGRE NEAT Raaas, eka Radium, 12, 83 Tete ea ala He 

a Ul 

se 

x 

of pigmentation th 

experiments, the effects were probably to be attri 

‘of the visible spectrum. Variations in the intensity 

enced its effects on the blood reaction. 

In earlier studies, Ederer 1"* determined the influence of the light of a quartz 

lamp upon the alveolar carbon dioxide tension of man. The results varied with the 

168 Pincussen, L., and Kawakami, T., Biochem Z., 208, - 185 (1929); Pincussen, L., Arch. Phys. 

Therapy, X-Ray, Radium, 18, 750 (1937); Chem. Abs., 32, 4615 (1938). 

169 Stiven, D., Biochem. J., 24, 172 (1930). 

10 Kroetz, C., Biochem. Z., 151, 146, 449 (1924). 
113 (1923); Physiol. Abs., 10, 61; Chem. Abs., 

- 171 Hoeber, R., La Med. Germano-Hispano Amer., L, 

19, 3115 (1925); see also Frontali, G., Rev. Clin. Pediatr., 25, 661 (1927); Chem. Abs., 23, 1657 

(1929). There is a slight decrease in total nitrogen and albumin nitrogen and an increase in the 

a. nitrogen, according to Murayama, M., J. Oriental Med., 34, 79 (1936); Chem. Abs., 31, 5820 

er Moran, W. H., and Reed, C. I., Proc. Soc. Exptl. Biol. Med., 24, 179 (1926). 

_ 178 Balderrey, F. C., and Barkus, O., Am. Rev. Tuberculosis, 9, 107 (1924). 

174 Ederer, S., Biochem. Z., 4825-103 (1922); Chem. Abs., 17, 303 (1923). 

162 See also Rothman, S ‘i , 9., Strahlentherapie, 51, 36 = aaiee y 

163 Miiller, R. W. J., Biochem. Z., 216, ap ies (1934); Pincussen, L., Ibid., 53, 7 (1934). 

164 B Seed A bee 
a Ea aan pia 43, 675 (1935); Chem. Abs., 30, 4182 (1936) 

(1936). , A., and Hovelborn, C., Klin. Wochschr., 14, 1387 (1935); Chem Abs.. 30, 2997 
2) ° *" 9 . 

166 Burge, W. E., and Wickwir ae * e, G.-C. J. Biol. Chen, 12,-82 

Pincussen, L., and Jacoby, D., Biochem. Z., 195, 449 eee e 
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dosage administered. Weak stimulation had no effect. Radiations of No effects upon the diffusibility of the serum calcium could be observed 

intensity increased the carbon dioxide tension but strong irradiation le 
; ‘iy 188 

ne ium either the irradiation of an animal or of its serum directly, by Moritz. 
Were -ollow The effects appeared to be independent of the skin erythema. The a ~ addition of calcium chloride to rabbit ahaa, Sid aera es ae 

effect was considered to be hematogenous and not of central origin, This sail yy rin vitro, is said to depress its electt ical ii uctivity ; 

tation was based upon a belief, then undemonstrated, in a probable increage ll 10 # d in the absence of the preceding irradiation. Her ne ar re 
alkalinity of the blood, a decrease in the acid products of metabolism and a a e marked contrast to the observations UPOD. ROEMaL Sas dicated) of nOuenl 
in the colloidal state of the blood proteins. : a 4 hitic animals discussed in Chapter 38. The irradiation Beg in rac 

os Pererid by Grant ands Gates 185 to cause an hypertrophy of the para- 

” Nonidez and Goodale 18° found that when young chicks were kept ae 

proids: ‘n vitamin C and deprived of direct sunlight, an enlargement of the 

jon a land resulted. It was due to an increase in the size and number of 

ih all This was followed by a phase of regression and in some cases 
ithelial a enerative changes. Subsequent exposure to sunlight led to a decrease 

and volume with a considerable crowding of the epithelial cells and some- 

: s rophy. 3 A 
a tiation a Mae deie areieed dogs did not significantly increase their 

: Fotem level, according to Swingle and Rhinhold.18? Jung *** however, 

blood 9 ‘ly doses of ultraviolet light fifty times those commonly applied to 

4 ; Be ied human subjects, to benefit parathyroidectomized white rats. He 

= the parathyroid to have some function related to the photochemistry of the 

Brucker and Faber 189 found that irradiation during tetany brought the 

; rr to a normal level without changing the blood pH or affecting pr pete 

¢ relation between phosphorus and calcium. The increase in he pais 

cn does not occur immediately following the irradiation of c ‘ ren ae 
} ny as is the case with inorganic phosphorus. Indeed, it aac su ee bis 

effects on the tetany. Calcium in the ultrafiltrate is generally be Bs chile i 

€ the total calcium before irradiation. It increases in successive presets 10 

ad comes to exceed 60 per cent of the total calcium. Later a gradual increase 

BE tot ium ensues.19° 

och Malezynsk: 191 found a considerable increase in the Elned cholesterol 

¢ irradiated human subjects, Ornstein found no significant changes.” ieee 

Zuckerstein 193 found the serum cholesterol unchanged in irradiated ae , 

ough the total ether extract of the serum was definitely increased. ge ra ss 

tjugin 1®4 found irradiation to increase the cholesterol not over per cent, 

if ough the blood fat was greatly increased after the second exposure. me 

| Hubert 195 believes that patients with carcinoma usually show a decrease in : 

tum cholesterol after irradiation. ‘There are, however, so many exceptions tha 

it is unlikely that this response to irradiation can have diagnostic significance. 

Glass 17 observed for two to four hours after intense ultraviolet treatme, 
change in the chlorine distribution in the blood, which was regarded as “ 

cation of a shift in the acid-base equilibrium in the blood toward an acidotic , 
dition. This sometimes persisted for 24 hours. q 

The analysis of urine samples during an hour after a single irradiation faile 
indicate to Essinger and Gyérgy 176 any shift in the acid-base equilibrium 
serum calcium was slightly decreased. 4 

Tancou and Iana1%7 determined the pH of the blood serum of ele 
mothers at the beginning, middle and end of a period of irradiation of the mamm 
glands. In seven, it rose appreciably, in one it remained constant, in two « 
first dropped slightly and then returned to its initial value and in one suffer 
from an infection it dropped very slightly. In six cases the calcium content ; 
appreciably and in the other five it dropped slightly. The action on the nurs|j 
was even less pronounced, unstable and inconstant. Lenzi178 believes irradiat 
to cause no change in the blood pH. : 

The effects of general body irradiation upon other features of the blood cor 
sition have been frequently studied. In normal subjects, no very pronoun 
changes in phosphorus in its various forms, chlorine, magnesium, calcium, sod 

_ or potassium have been found. Slight positive or negative variations may be { 
duced at various periods during or after irradiation, but rarely have mar 
changes been observed.179 

Frontali 18° noted an increase in the inorganic phosphorus of serum which ] 
been irradiated fifteen to sixty minutes by a mercury arc. Sacchi 181 observe 
decrease in the phosphatase content of the bones of rats kept in darkness, wh 
could be restored to normal by exposing them to direct sunlight for a we 

In the in vivo irradiation of blood streaming through a quartz tube interpo: 
in the circulation, Reed and Tweedy 182 found no immediate changes in the blo 

ven nurs 

1% Glass, J., Biochem. Z., 231, 45 (1931); Chem. Abs., 25, 2160 (1931). 
176 Essinger, R., and Gydérgy, P., Biochem. Z., 149, 344 (1924). — 
‘7 Tancou, A., and Tana, I., Bull. soc. péd., 30, 76 (1932); Chem. Abs., 27, 3729 (1933). a 
18 Lenzi, F., Biochim. terap. sper., 23, 118 (1936); Chem. Abs., 30, 6018, 6772 (1936). | { 
1” Lodenkamper, H. Balneologie, 1, 438 (1934); Chem. Abs., 31, 3948 (1937); Kroetz, C., Bioche a Z., 151, 449 (1924); Malczynski, S., Compt. rend. soc. biol., 113, 1297 (1923); Chem. Abs., 21, o 188 Moritz, A. R., J. Biol. Chem., 64, 81 (1925). 0 (1936) (1933); Pincussen, L., and Makrineos, I., Biochem. Z., 161, 61, 67 (1925); Mayerson, H. S., Gunth wy Aquila, Al, and Jaia, F., Arch. farmacol. sper., 60, 578 (1935); Chem. Abs., 30, 452 ( é 

L., and Laurens, H., Proc. Soc. Exptl. Biol. Med., 22, 469 (1925); Bomskoy, C., and von Rose, ] —_— ees eos a," j Soc. Exptl. Biol. Med., 21, 230 (1924); J. Exptl. Med., | Klin. Wochschr., 10, 1956 (1931); Chem. Abs., 26, 2495 (1932); Malczynski, S., Borsiewicz, Ave i. Grant, J. H. B., and Gates, F. L., Proc. Soc. Expt. : , 
Toczyski, T., Compt. rend. soc. biol, 108, 165 (1931); Chem. Abs., 26, 2754 (1932); von Rose, M., 45, 115 (1927). - Ch Abs., 21, 2016 (1927). lgeronae Cr Lanett ws gee Cat Seas pric, Renee rent P.. poe 186 Nonidez, J. F., and Goodale, H. D., Am. J. Anatomy, 38, ee nee os a Ara tol. sper., ; em. Abs., 374 1934) ; tiemens, H., an eringa, G., Nederian wre: ‘ _ J. Physiol., 75, 59 , ; Tijdschr. Geneeskund., 77, II, 1635 (1933); Chem. Abs., 28, 2732 (1934); Brown, W. H., and Howa mo vinele, W. W., and Rhinhold, Joss mere Rt pie 29, 2875 (1928): see also, Vines, H., M., J. Exptl. Med., 49, 103 (1929); Fairhall, L. T., Am. J. Physiol., 84, 378 (1928); Maynard, L. Bidens; Lys Endocrinology, 12, 81 (1928); Ce (i9a7). 
Goldberg, S. A., and Miller, R. C., Proc. Soc. Exptl. Biol. Med., 22, 494 (1925); Orr, J. B., Mai Endocrinology, 11, 125 (1927); Chem. Abs., 21, . 
H. E., and Henderson, J. M., J. Physiol, 70, Proc. 25 (1924); Howe, M. G., and Medlar, E. ; *° Drucker, P., and Faber, F., J. Biol. Chem., 68, 57 (1926). Am. Rev, Tuberculosis, 10, 408 (1924); Moritz, A. R., J. Biol. Chem., 64, 81 (1925); Cheymol, 9 Careddu, G., Atti soc. med. Padova, 15, 126 (1937); Chem. Abs., 32, 6273 (1938). 
and Quinguaud, A-, J. pharm. chim., 16, 233 (1932); Chem. Abs., 27, 1901 (1933); Pincussem) 3 Malezynski, S., Compt. rend. soc. biol., 99, 922 (1928); Chem. Abs., 23, 401 Snee 

Ornstein, T., Compt. rend. soc. biol., 103, 190 (1930); Chem. Abs., 25, 117 (1931). 
Biochem. Z., 182, 359 (1927). 7 

180 Frontali, G., Riv. Clin. Pediatra, 25, 661 (1927); Chem. Abs., 23, 1657 (1929); also De Toni, 7h 

; ™ Pincussen, L., and Zuckerstein, E., Biochem. Z., 207, 426 (1929). 

™Kultjugin, A., Biochem. Z., 186, 36 (1927). 
and Stancati, A., Boll. soc. ital. biol. sper., 4, 165 (1929); Chem. Abs., 23,°3/21 (1929)5 Careddu, 
Biochim. terap. sper., 18, 109 (1931); Chem. Abs., 25, 4015 (1931). 4 7 9. 433 

aorHubert, R., Arch. Gyniikol., 146, 51 (1931); Chem. Abs., 25, 5926 (1931); Arch. Gyndkol., 1%, #932); 151, 681 (1932); Chem. Abs., 27, 2462 (1933). : 

181 Sacchi, U., Boll. soc. ital. biol. sper., 9, 94 (1935); Chem. Abs., 29, 4781 (1935). 

182 Reed, C. I., and Tweedy, WwW. R., Am. J. Physiol., 76, 54 (1926). 
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mune Bodies in Blood. In general, irradiation does not 

SE ricidal properties of the blood of an irradiated subject.’™ After 

ds of intense ultraviolet irradiation of rabbits, Albela found no alter- 

eof the phagocytic action of the blood serum, as determined by the concen- 

ion © sonins. Koopman 21? observed that although the complement of the 

ution) e Dties pig was almost doubled during the first hour of irradiation of 

ood of - ais concentration decreased markedly during a further two hours of 

eu This usually produced death and the blood was found free from com- 

a? Gordon and Wormall ?"* did not find the irradiation of guinea pigs to 

The total blood sulfur is said to be lowered after ten minutes of itradjay: 
Free sulfur and oxidized sulfur diminished in a parallel manner, but a 

much more rapidly than the latter, so that the ratio of oxidized sulfa S 
sulfur was, in general, increased.197 to 4 

In vitro irradiation of human blood serum lowers its surface tension, ayy 
the results of im vivo irradiation are uncertain.198 The index of refraction tho 
mal horse serum at 20°C. increased progressively from 1.3466 to 1.3531 7 
thirty minutes of irradiation. Beef plasma showed a similar behavior a a 

were similar’ increases in antitetanic, antistreptococcic and antidiphth : 

Effects 
ect the 

; perio 
ney is 
/ = 

The change is attributed to an alteration of the state of the proteins. =m . | ement. the serum complement. Osborn?! found an occasional increase in the 
The gelatinization of serum is said to be accelerated by ultraviolet rays.200 - young, weaned rats, but this could not be uniformly obtained. se 
An acceleration of the rate of red cell sedimentation is produced over: 4 q 4 a sharp drop during the irradiation, with a return to normal upon its 

limited range of dosages, beyond which the rate tends to be retarded.201 ”/ por's on 2 

the blood and skin of rabbits which have been irradiated over a period of th . iit 217 found irradiation of the skin of rabbits with ultraviolet rays to 
to six weeks is found by Engel 2° to contain a substance which induces corns, ‘a ie amount of antityphoid substance in the serum (confirmed by Mesik), 

crea 
lly marked in the serum ot immunized animals. Both the skin and 

epleen were necessary for irradiation to evoke this response. Irradiation of 

ae Fr believed to produce a histamine-like substance which causes the spleen 

—... hormone that controls the production of the antityphoid substance. 

—... na Seldeslacht 248 found that rabbits injected with an emulsion of 

ed pacilli and then treated with ultraviolet rays showed a larger production of 

BF sodies than non-irradiated animals. . 

, Heuer and Potthoff 249 found that an exposure of animals to ee take 

By d only a slight influence on the formation of antibodies. Pigmented airy S = et 

jie influence more than unpigmented ones. However, at the height of antibody 
this Ee when the titer is somewhat constant, exposure of animals to ultraviolet 

tion in castrated female mice. Its formation is not promoted by the simultane, 
injection of cholesterol. Ultraviolet irradiation of castrated female rats and al 
does not produce a positive Allen-Doisy test. q 

Blood Enzymes. Pincussen 23 found the activity of the blood catalase g 
rabbits kept in darkness slightly greater than that of animals exposed to ultrayi 
light, especially if they had been given a sensitizer. In rats, the diminution 
especially marked in the liver.2°4 Koldayev and Altschuller 2% noted a transit 
decrease in the serum amylase and blood catalase of irradiated rabbits. Castagng 
found the longer rays of sunlight to increase the blood catalase of mice over { 
in those kept in darkness, these having almost none. Irradiation in the wal 
length range 3190 to 3900A did not materially change the catalase conte 
When. both this radiation and visible light were used, the catalase con} gemat t i ase in the titer. This effect is not permanent and 
increased during the first three hours of irradiation and then declined. Ds fays causes avery Sta eae ; fon level is much more rapid than in 
sunbaths are said to cause a small increase in human blood catalase.207 ] he return of ne ee os ood ae aaneetae irradiation of a small area on 

The general irradiation of rabbits produces a proteinase capable of attack onexposed animals. F; an roduce a slight erythema to cause a moderate 
skin and serum proteins, according to Abderhalden and Tetzner.208 Schambi back of ae. SO a ae ak the Hood This effect is considerable, he 
and Brown 2° find that exposure of rabbits to ultraviolet light decreases the co rease In oe pes ie ate ae 7 

centration of lipase and increases that of proteinase in the blood. In the skin, be ae pee tye fae ee Pht lerates the production of the 
are decreased. Vedder 21° observed that when leucocytes are irradiated with visi _ Abe finds that irradiation ofablack 7 a re 221 ith 
light, the granules which contain oxidase disappear only if the temperature is rais agglutinin for B. coli, more marked than in white ra 
above 62°. Ultraviolet irradiation, however, is effective at ordinary temperatur 

» effect especia 

The anti ivi 1 is said to increase after ultraviolet 
_ The antitryptic activity of rabbit serum 1s sa 

) . irradiation.?7" | | 
°° Loeper, M., Degos, R., and Lesure, A., Compt. rend. soc. biol., 106, 718 (1931); Chem. Abs, 2  Giaume 223 claimed that irradiated normal horse serum does not produce anaphy- 

eM uae wot 4 Me shock i ‘tized cuinea pigs. Five minutes of irradiation of the sensitized 197 See also Loeper, M., Decourt, J., Olivier, J., Tonnet, J., and Lesure, A., Compt. rend. soc. bio lactic shock in sensitize guinea p Ss. 
(1926-7). . 

198 Gobel, Biochem. Z., 190, 95 (1927); Tamura, A., Acta Schol. Med. Univ. Kyoto, 16, 253 (1934 +1 Tataranu, F., Compt. rend. soc. biol., 97, 1736 (1927); Chem. Abs., 22, 1799 (1928). 

“22 Albela, D., Deut. med. Wochschr., 48, 1347 (1922); Chem. Abs., 17, 140 (1923). 
Chem. Abs., 28, 4754 (1934). ‘ 

199 Cluzet, J.. and Kofman, T., Compt. rend. soc. biol., 98, 978 (1928); Chem. Abs., 22, 3179 (192% _ 283 Koopman, J., Deut. med. Wochschr., 50, 277 (1924); Chem. Abs., 18, 2197 (1924). 

214 Gordon, J., and Wormall, A., Biochem. J., 22, 909 (1928). 
200 Kopaczewski, W., Compt. rend., 198, 1947 (1934). 

5 Osborn, T. W. B., Biochem. J., 25, 2136 (1931). 
201 Kostyal, L., Biochem. Z., 299, 100 (1930). 
202 Engel, P., Endokrinologie, 20, 86 (1938); Chem. Abs., 32, 8452 (1938). Mee WMesik, R. E., Arch. sci. biol. (U.S.S.R.), 40, 31 (1936); Chem. Abs., 31, 6726 (1937). 

*8 Pincussen, L., Biochem. Z., 168, 474 (1926). aur Matushita M. i. Gheken Med. Assoc., 22, 787 (1932); Chem. Abs. 27, 2208 (1933). 
204 Pincussen, L., and Tanino, F., Biochem Z., 234, 478 (1931). isu Bessemans, a and Seldeslacht, A., Compt. rend. soc. biol., 99, 628 (1928); Chem. Abs., 23; 

435 (1929), see: 205 Koldayev, B., and Altschuller, M. M., Z. physiol. Chem., 186, 223 (1930). i 

206 Castagna, S., Biochim. terap. sper., 13, 48 (1926); Chem. Abs., 20, 2529 (1926); Arch. sct. #9 Heuer, G., and Potthoff, P., Centralbl. Parasitenk., 1, 88, 299 (1922); Chem. Abs., 17, 144 (1923). 

. #9 Wenger, W. J., Z. Immunitits 93, 501 (1938); Chem. Abs., 32, 9248 (1938). 
ital., 10, 118 (1927); Chem. Abs., 22, 97 (1928) | 4 

207 Deribas, D., and Kornmann, J., Bull. soc. chim. biol., 18, 418 (1936); Chem. Abs., 30, 5244 (193 a, hcg nce Nat 11, 2169 (1937); Chem. Abs, 32 5438 (1938). 

#2 Yamanaka, G., Sei-i-kwai; Med. J., 48, 3, 62 (1929); Chem. Abs., 23, 4263 (1929). 208 Abderhalden, E., and Tetzner, E., Fermentforschung, 14, 522 (1935); Chem. Abs., 29, 8010 (198% 
209 Schamberg, J. F., and Brown, H., Arch. Int. Med., 35, 537 (1925). W*\Giaume, C.. Pediatria Rivista 35, 1111 (1927); Pathologica, 20, 236 (1928); Chem. Abs., 22, 

2202 (1928). ; 20 Vedder, A., Nederland. Tijdschr. Geneeskunde, 68, 2357 (1924); Chem. Abs., 19, 1143 (1924). *) 
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g 36 ctates that complement, the antibodies in positive human serums, ambo- 

ko d precipitins all lose their specific activity partly or com- 
animal lessens the shock produced by normal serum. Severe and even fatal tf i 
result when both the sensitizing agent and the shock-producing materia] havell /- lutinins an 
; E : : : ave } ors, 282 : 1 iolet rays, the extent depending upon the 224 dD of) influence of ultraviolet rays, 3. 
ee ee Rea et ens sta ine eatiea. > MUD) 77004 to jy under BP jcin, its colloidal properties and various other conditions. Kgg more effective than blue-violet light or darkness in aiding the production of am 
tinins in guinea pigs injected with the Gaertner bacillus or with the cho S 
Infrared rays stimulated more agglutinin formation than daylight, and 
rays more than blue-violet light. Guinea pigs exposed to infrared ra 
more bacteriolysins than those exposed to ultraviolet light. 

tio” of .. d for nine hours is non-precipitable by neoarsphenamine. Paic 

amit Ts ind the inhibiting action of mixed light on complement to be appre- 
i j thirty minutes of irradiation. Destruction is complete after ten hours. 

pple si maintains that ultraviolet rays are more active than visible light in 

lera vib 
ultra ia 

YS Prod 
: ; . | Merson Ow, +3 : um alexin is much Exposure of guinea pigs to red, yellow or blue light has no effect on thei ter ating 1m vilro the bactericidal substances of the body i Fics Wisi welle 

mation of anti-sheep hemolysins.225 — EP censitive than -lysin and the bactericidal substances of. whi . 

ie g-lysin is as sensitive as the inactivated substance. Blanchard 88 finds the 
tive ity of normal cat serum decreased on exposure to a mercury-are lamp. 

' ests that irradiation inactivates the opsonins, which are probably protein- 

Bree hanging their colloidal state. | ad i ny 

Bl i Ctudies have been made of the effect of daily irradiations of 

a oa ve Retr growth. Leigh-Clare 239 found that, if their eyes were shielded, 

imals ee oung growing rats for periods up to thirty minutes daily had no 

ee : act Suzuki and Hatano 24° concluded from a series of experiments 

ie aa chickens and rabbits, that the ultraviolet rays present in ordinary 

4 ace fat from sufficient for the vigorous development of young chicks. 
a bate of growth or the histological anatomy of the thyroid gland ot rats is 

Bed by daylight, darkness or ultraviolet light environments during their 

4 Mayerson.?41 

ie Piss ae re milk from thyroidectomized, nonirradiated goats were 

* Kucera and Soos 242 to grow slowly and develop abnormally small thy- 

4 | ti the udder of the thyroidectomized goat was irradiated, the retarding 

| t of the milk on the tadpoles was decreased, but they did not develop as vane as 

receiving milk from normal goats. The milk from irradiated thyroi een 

mized goats receiving potassium iodide permitted more rapid cayelopeetiiin at j 

kept in darkness have an average blood iodine of 25 7 per cent. In the dried t se 

sland there is 211 y per cent.2*8 The gland has the histological picture of AOR 

ity, that is, less colloid, an increased number of follicles and high irregu a 

elial cells. Rats given Vigantol or ultraviolet irradiation have a high bloo 

e (30 to 407 per cent), a low thyroid iodine content (112-167 % et id 

and the histologic picture of increased colloid and flat, resting epithelium. 

_ Effects on the Secretory Activity of Glands. Doses of ultraviolet light 

strong enough to cause a rapid erythema exert a histamine-like effect upon gastric 

secretions, causing the appearance of free hydrochloric acid in patients with 

‘so-called histamine achylia, according to Diehl.?4° Sunbaths are also said to stimu- 

It has been said that serums obtained from rabbits inoculated with Organic 
grown on ultraviolet-irradiated agar show greater agglutinating, bacteriolytie ‘ 
complement materials than those in the production of which the organisms 4 

' been grown on ordinary agar.?26 7 7 
There have been several recent investigations of the effect. of ultraviolet Jjo4 

upon antigens. Intensive irradiation of horse serum for twenty to forty mine 
destroys its ability to cause the characteristic anaphylactic contraction of the 4 
lated uterus of guinea pigs sensitized to horse serum. ‘The treated serum retai 
its ability to desensitize the uterus and after exposure to the treated serum 
uterine horns will no longer react with fresh, untreated serum. This densitig, 
tion, however, requires a longer period than that produced by untreated active 
shocking serum.?27 Different results were reported by Kitamura and Murayama 2! 
who found 0.1 cc. of thirty minute-irradiated horse serum or egg-white to prody 
the usual contraction of the uterus of sensitized guinea pigs. After washing af 
the lapse of twenty minutes, the addition of 0.5 cc. of normal serum also produced 
contraction, indicating that desensitization had not been attained. Then, after ¢ 
minutes, the addition of neither serum produced contraction. 

The agglutinogens of red blood cells, which are said not to contain protei 
are not affected by ultraviolet light.??9 

Fleuer *°° reported that antibodies are sensitive to ultraviolet rays when dilute 
The agglutinins for cholera and paratyphoid A were believed less resistant to ultr; 
violet rays than those for typhoid, although this was controverted by Ninomiya. 
Heuer believed the bateriolysins less resistant than the agglutinins. Brawn 
found ultraviolet light to destroy complement but to have no effect on cholestero 
lized antigen or on Wassermann negative or positive human serums. Gordon an 
Wormall 2 found that the destruction of serum complement is not due to oxidatior 
although the rate of inactivation appeared to be slightly less in a vacuum than i 
air. It is the heat-labile protein component that is most affected. Levine 
attributes the destruction to the coagulation of certain protein components 

50 nic activ 

_ 285 Hassko, S., Biochem. Z., 226, 462 (1930). 
_ 88 Paic, M., and Haber, P., Compt. rend., 198, 613 (1934). 

1 Petterson, A., Z. Immunitits., 75, 156 (1932); Chem. Abs., 26, 5646 (1932). 
_ *8 Blanchard, E. W., Physiol. Zoél., 4, 316 (1931); Chem. Abs., 25, 4599 (1931). 

_ 9 Leigh-Clare, J. L., Biochem. J., 21,:208 (1927). 

i 0 Suzuki K., 2 Hatano, T., Bull. Agr. Chem. Soc. Japan, 3, 14; Chem. Abs., 22, 1182 (1928). 

he Mayerson, H. S., Am. J. Physiol., 113, 659 (1935). See, however, Bennholdt-Thomsen and 

Ziegler-Wellmann.243 . 

,,_» Kucera, C., and Soos, M., Compt. rend. soc. biol., 113, 619 (1933); Andrik, L., and Kucera, C., 

fbid., 622; Chem. Abs., 27, 4564 (1933). — 

SE Fats Thomsen, C., and Ziegler-Wellmann, M., Klin. Wochschr., 13, 800 (1934); ‘Chem, Abs., 

28, 1934), 

224 Brotzu, G., Boll. soc. ital. biol. sper., 8, 1722 (1933); Chem. Abs., 28, 4470 (1934). 

225 Diacono, H., Arch. Inst. Pasteur Tunis, 20, 48 (1931); Chem. Abs., 25, 4312 (1931). 7 

dan F. M., and Omar, W., J. Egyptian Med. Assoc., 17, 687 (1934); Chem. Abs., 28, 728% 
934). q 
7 Kallés, P., and Kallés-Deffner, L., Klin. Wochschr., 14, 392 (1935); Chem. Abs., 30, 3058 (1936 
28 Kitamura, S., and Murayama, M., Klin. Wochschr., 16, 88 (1937); Chem. Abs., 31, 3555 (1937; 
229 Dujarric de la Riviére, R., and Kossovitch, N., Ann. inst. Pasteur, 55, 331 (1935); Chem. Abs 

30, 4206 (1936). 

*30 Heuer, G., Centralbl. Bakt. Parasitenk., I, 88, 380 (1922). 

*31 Ninomiya, R., Z. Immunitats., 39, 494 (1924); Chem. Abs., 18, 2555 (1924). 3 

232 Brawn, .G., Z. ellie ered 44, 27 (1925); Chem. Abs., 20, 1267 (1926). See also Bovie, W. f 
J. Med. Research, 38, 335 (1918). | a” : , ve ah il C f. rend. eae, biol., 93 233 Gordon, J., and Wormall, A., Biochem. J., 22, 909 (1928). 4 aS effect of ultraviolet rays on lymphoid tissue, see Jolly, J., Comp 7 ? 

284 Levine, B. S., Am. Med., 35, 610 (1929); Chem. Abs., 24, 2174 (1930). See also Friedberger, = es.) ; 
and Scimone, V., Z. Immunitats., 37, 341 (1923); Chem. Abs., 18, 551 (1924). ; *® Diehl, F., Arch. exptl. Path. Pharmakol., 159, 367 (1931) 
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a When administered immediately after the irradiation of children it causes an 

ee ee Se ee ation of the pulse rate more rapidly but less marked than in the case of non- 

° . 
. ° 

Str rafO $ 

juice are, however, so great as to make definite conclusions somewhat uncertain: e elet a eubjects 
; : 

Considerable decreases in the secretory activity of the pancreas occur from the rat stance present in alcoholic extracts of skeletal els Wes ba 

to five hours after fifteen to thirty minutes of irradiation of dogs.*4° With sho. = pS of the isolated toad heart 1s not affected by irra a ficciorepoatngs = 8.5 

gctio® jandt *® believes the stimulating substance which may be extrac 

ae 
hon 

irradiation periods (seven minutes) the effects were variable. The effect + abe “1 Ringer’s solution can be partly, but not completely, destroyed i ultras 

ot In this respect he thought it to resemble adrenaline and the accelerating 

attributed to a substance brought to the gland by the blood and produced original 

nce of Loewi. by the irradiation. 
. i 

| as 6 ¥ aie fused frog heart can be 

249 f -minut diation of human subjects to h : subst Dubouloz 2 claimed that the rhythm of the periuse: 

Gedda finds a fifteen-minute irradia subj ave a diuretie 6 ae di a a teradtateds Ringer's solution as the perfusion fluid, unless the 

effect, increasing not only the volume of urine but also its content of urea 7 ene ec 25 however, found that, in 

; i 
and afiee’ during irradiation. Renosto, , 

especially of chlorides. 7 m af #jon bad been Rept at uy eee 
aor psence ot sensitizers, ultraviolet ieee ra Sees Bee ee gad eee i 

: os ; | : | the, ect, In the presence of dyestutts in te : f 

Light treatment particularly by visible rays, increases the accumulation of zing 20. sysion en x one period tatlowing ‘rradiation, a lessened amplitude of the con 

the tissues of animals to which the metal is administered over that of animals receiving be observe ‘gis heart without any change ,, the tone, rhythm or frequency. bone ned 

the same amount but not irradiated. Pincussen has discussed” the acceleration of #2 practions af Guttman 2" found that after the rhythm of frog or Limulus hear na , 

excretion of lead brought about by irradiation. Pincussen and Roman” demonstrated ~ Recen a by the addition of an excess of potassium to the perfusion fluid, it oo ns 

that irradiation by the mercury arc increases the ratio of organic to inorganic iodine topP tored by ultraviolet irradiation. He also noted” that irradiation © 

in both normal and dye-injected mice. It also increases the organic bromine at tht ‘fo ‘el ea sae A ee ee “ autes caused a marked increase in tonus 

expense of the inorganic bromine but has no similar effect upon the distribution o¢ hea 

chlorine. 
‘ : aaa ; ili ¢ the cells, permitting potas- 

t irradiation may increase the permeability o 
e) 

ee en and calcium to enter. The rate of the Limulus heart 1n sea water was 

Azuma and Hill 2* found irradiation of involuntary muscle by ultraviolet rays antagonize¢ m. to 

the action of adrenalin but not that of emetine. These rays increase the tone and 

| 
S 

i rcased by ultraviolet ‘rradiation. The same effect was observed when the heart wa 

4 ; 

rhythmic contractions of the muscle of the frog rectum if there is calcium in the nutrient 
ae jded from the rays and masses of skeletal or smooth muscle were irradiated instead. 

—gnie 

fluid employed.** In the presence of magnesium, however, they cause relaxation ang 

cessation of rhythmic contractions. The presence of calcium ions is also necessary for 

: i i £ an accelerator substance in 

lained by the assumption of the production of : 

these tissues which ditfises to the heart. About twenty minutes after the cessation © 

ultraviolet rays to stimulate the contraction of skeletal muscle suspended in Tyrode's 

solution, Potassium and magnesium ions appeared to moderate the effect of the cal— 

. 
e ° e 

e 

e 

the ‘rradiation, the frequency and amplitude are diminished, possibly because of th 

cium ions.” 

formation of a depressor substance.” 
| | 

| Milk. In women, ultraviolet irradiation appeared to increase the quantity 0 

Petersson believes ultraviolet light weakens the parasympathetic excitability of 

the surviving intestine and uterus by diminishing the excitability of the sympathetic — 

a IZ oe 4 269 K { : 

"milk secreted in ten of fifteen cases studied by Lesné and Dreyfus-See. Aside 

inhibitor and increasing that of the sympathetic motor. These modifications of excita. 
from an increase in the antirachitic properties of the oe its he ed See 

; : ; P ee 270 found that irradiation or the U 

bility are thought to be durable and to persist after the cessation of the irradiation. was unaffected. Knott and Garver 

for twenty minutes daily for 21 days had no significant effect upon the quantity of 

mil ed or on the content of its butter fat or total solids. Share eee 

pein Gnds the milk of various species of animals: to aut ae 

powers of reducing methylene blue in light. . The most active 1s A a au ie 

Cows’ milk loses this power very easily, especially if exposed to i : re 

erty is ascribed, not to the fatty components of the milk, but rather to a 

stable, water-soluble substance, possibly elutathione. el ee 

mee lhe oxidation-reduction potentials of cream and whole or aa Jape, Be 

toward the negative side on exposure to light.?2” This La é gue ean 

‘tuated by the addition of methylene blue. As the solutions deve a 7 ie 5 teen 

26 Barone, V. G., Arch. Fisiol., 31, 468 (1932); Chem. Abs., 27, 1667 (1933). a more negative potential, methylene blue becomes decolorized when this Pp 

247 Keller, P., and Loeb, M., Klin. Wochschr., 4, 2390 (1925); Chem. Abs., 20, 922 (1926). [ 

248 Glikson, E. B., Arch. sci. biol. (U.S.S.R.), 39, 629 (1935); Chem. Abs., 30, 6023 (1936). 

29 Gedda, L., Minerva Med., I, 841 (1933); Chem. Abs., 27, 4300 (1933). 

250 Nakadate, K., Biochem. Z., 265, 61 (1933). 

251 Pincussen, L., Klin. Wochschr., 12, 275 (1933). 

252\Pincussen, L., and Roman, W., Biochem. Z., 216; 3336 (1929). 

253 A7zuma, Y., and Hill, L., Proc. Roy. Soc., 99B, 221 (1926). 

254 Azuma, Y., Proc. Roy. Soc., 100B, 431 (1926). 

25 Azuma, Y., Proc. Roy. Soc., 101B, 24 (1927). 

256 Petersson, F., Compt. rend. soc. biol., 99, 1677 (1928); Chem. Abs., 23, 622 (1929). 

257 Spealman, C. R., and Blum, H. F., J. Cellular Comp. Physiol., 3, 397 (1933). 

28 Uchimura, T., J. Biochem. (Japan), 25, 207 (1937); Chem. Abs., 31, 5395 (1937). “ 

250 Ashkenaz, E. W., J. Cellular Comp. Physiol., 12, 139 (1938); Chem. Abs., 32, 9112 (1938). Rime ais, 26, 4615 (1992). 6. 773 (1931); Chem. Abs., 26, 1631 (1932). 

200 Kler, S., Compt. rend. soc. biol., 93, 1391 (1925); Chem. Abs., 20, 1821 (1926); see also. Wasth® %1 Martini, V., Boll. soc. ital. biol. sper., % ee : ; _ Abs., 26, 3045 (1932); 

H., Arch. exptl. Path. Pharmakol., 114, 56 (1926). | 22 Aikins, G. A., and Fay, 1, Agr. Research, 4, 85 (1932); Chem. Abs 
A. C 

Martini, E., Biochem. Z., 260, 153 (1933). 

Ultraviolet light directly stimulates the contracture of skeletal muscle of the frog 

independently of the presence of molecular oxygen.” The redox potential. is increased, — 

the maximum effect being produced by ten minutes of irradiation.™* Larger doses 

inhibit the change. The effect is produced immediately after the exposure to ultraviolet 

rays. For the effect to occur, the dehydrogenase and hydrogen donor system must be 

present. At an optimum dosage, the reduced glutathione increases, the reverse occurring 

when excessive doses are used. Ashkenaz finds stimulation by ultraviolet light causes 

muscle fibers to give off calcium.” ol 

It has been shown by Kler*” that under suitable conditions, ultraviolet rays stimulate 

a rhythmic contraction of the heart im vitro. The cardiac effects of atropine are also 

influenced by irradiation of a human subject to whom it is administered, according to 

+ %1 Garot, L., Compt. rend. soc. biol., 96, 1048 (1927); Chem. Abs., 21, 2333 ete 

22 Oana, M., Japan. J. Exptl. Med., 10, 123 (1932); Chem. Abs., 26, 4852 & : ; a ogg. 

263 Haberlandt, L., Arch. ges. Physiol., (Phliiger’s), 218, 129 (1927); Klin. Mei ae oe
 pike 

204 Offant, C., and Dubouloz, P., Compt. rend. soc. biol., 112, 373 (1933); 115, , ; 

_ Abs., 28, 4479 (1934). 
| 

25 Renosto, G., Boll. soc. ital. biol. sper., 10, 295 (1935); Chem. Abs., 29, Sen Se acas. 

266 Guttman, S. A., J. Cellular Comparative Physiol., 8, 37 (1936); Chem. om ba Babs 

27 Guttman, §. A., Proc. Soc. Exptl. Biol. Med., 33, 363 (1935); Chem. Abs., ; 

28 Guttman, §. A., Biol. Bull., 72, 75 (1937). 
2 Lesné, E., and Drefus-Sée, G., Latt, $1; 255 (1931) Chem. Abs., 25, ae Sean maets 

aa Hott, J. C., and Garver, H. L., Ann. Report Washington Agr. Expt. Sta., Bull. ; : 
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reaches that capable of reducing the dye. Similarly, the blue color reappeare 
the solution develops a potential sufficiently positive to oxidize the dye. TH 

tion of fat to skimmed milk hastens the reduction time of methylene it 

samples exposed to sunlight, probably because of the tendency of the fat 7 lu 

the zone of reduction. However, the reducing intensity induced by the a 
of bacteria is more negative than that induced by sunlight. This indjeay 
the photoreduction of methylene blue in milk is a reaction distinct from 

duced by bacteria. When skimmed milk containing methylene blue deco] 
sunlight is placed in darkness, the potential quickly becomes sufficiently posi 
to oxidize the leuco-base. Artificial light hastens the reduction of methylene | 

in market milk. Light from a 75-watt electric bulb produces a potentia] drift 
milk which differs only in degree from that observed in sunlight. Similar ohe 

vations that the oxidation of fat in whole milk under the influence of gyjye 
causes the development of a reducing potential detected by its effect upon methye. 

blue or electrometrically were made by Whitehead.?7% 7 

: a comparable with the inflammations of the skin which are intentionally 
das part of the routine of ultraviolet therapy. Like these, the conjunc- 

y inflammation subsides rapidly without leaving any trace. It is rarely desirable 

Beoduce such a reaction. Verhoeff and Bell,28° who made elaborate studies of 

¥F eaction, conclude that conjunctivitis is caused by rays of wave-lengths shorter 

an BOD0A- | 
“Many studies have been made upon the lens, particularly because of the possi- 

Ht of a relation to the ultraviolet rays of sunlight and the production of cata- 

Bi, Burge 28! concluded that ultraviolet rays can change cell protoplasm in 

4 , manner that certain salts may combine with it to form a precipitate or 

Solum. Abnormal amounts of sodium silicate or calcium salts in the cells of the 
‘lids or the cornea augment the inflammatory action of the radiations. By 

posing fish, living in dilute solutions of certain salts, to ultraviolet rays, he was 

je to produce cataracts. 
The observations of Schanz 282 on the lens have shown that the effect of light 

‘to render its proteins less soluble. The frequency of lenticular opacity in dia- 

etes suggested a series of experiments in which equal amounts of a protein 

olution in each of a series of quartz test tubes were irradiated in the presence of 

screasing amounts of acetone. The results showed that the loss of solubility of. 
4 protein is increased by the presence of acetone. | 

- Adams 28° finds that, although in patients with senile cataracts the serum cal- 

sam is appreciably higher than normal, calcium salts acting on fresh ox lenses do 

nt catise Opacity unless present in non-physiological concentrations. Nor could 
whe find them to act as sensitizers to ultraviolet radiations as had been suggested 

cates i 
that a 

EFFECTS OF ULTRAVIOLET LicgHt Upon THE Eve MeEpra 

As the sense-organ of reception of solar radiations, the retina would seem 

require especial protection. It is, therefore, not surprising that necro 

the eye through which the rays must pass in order to reach the retina ice 
. filters of potentially injurious rays. Against natural ultraviolet the cornea affo 

little protection, as it is transparent to rays of wave-length greater than 2950, 2 
The vitreous and aqueous humors transmit the ultraviolet down to 3000A, aceo 
ing to Birch-Hirschfeld.2" It is the lens of the eye which is chiefly responsif 
for stopping ultraviolet rays from reaching the retina. by Burge. 

de Chardonnet 76 used a quartz plate coated with a silver film of such a thic ~ All wave-lengths, including infrared, visible and ultraviolet, are said by Burge, 

ness as to be opaque to the visible and invisible spectrum except for the reg; Fickwire and Schamp 284 to be capable of rendering the lens material electro- 

between 3010 and 3430A. Through this plate normal eyes could not see an | 

- light, but eyes from which the lens had been removed in the operation for catar 
could detect the movements of the arc. — e 

In addition to its absorptive power, the lens can alter the rays by fluorescer 
The fluorescence is excited by rays between 3500 and 4000A. Thus we see th 
no radiation of wave-length shorter than 3500 (or more probably 3800A) « 
reach the retina. In the later period of life, owing to yellowing of the med 
the limit is pushed into the most refrangible region of the visible spectrum. Op 
ions differ greatly as to the limit of visibility. Some claim to have seen the 1 
in the tin spectrum at 3175A.277 This may possibly have been due to stray refl 
tions in the monochromators employed. Saidman and Dufestel "8 claim to ha 
seen faintly a line at 3650A.279 4 

Exposure of the eyes to ultraviolet rays results in inflammation, but only of 1 

superficial structures. This effect, which has been described in Chapter 10, 

tive and so being effective in producing its calcification. It is difficult to 

ain this behavior of the longer wave-lengths physically and these authors note 

horter wave-lengths to be much the more effective. Hinrichs 7°° suggests that 
effect of ultraviolet irradiation of excised lenses in 0.1- to 1-per cent solutions 

odium chloride and calcium chloride is probably a surface phenomenon. There 

volved a change in the permeability to salts or their ions and a subsequent 
ipitation of the lens protein. Calcium is more effective than sodium in pro- 

ucing the lens opacity. | 
_ Opinion at present does not ascribe the origin of cataracts in glass workers to 
visible rays and probably not to the direct action of either the infrared rays or 

ultraviolet rays. Bradford and others suggested 286 the possibility that an 
“indirect action on the nutrition of the lens may be ascribed to the action of the 
infrared rays on the iris and ciliary bodies.?87 
 Lieben and Kronfeld 288 illuminated the lenses of fresh intact pigs’ eyes with 
df used daylight in the presence of a sensitizer and also by a quartz lamp both 

278 Whitehead, H. R., Biochem. J., 25, 1647 (1931). 
274 Martin, E. K., Proc. Roy. Soc., 85, 319 (1912); Schanz, F., and Stockhausen, K., Arch. fiir Oph 

69, 49 (1908). ! 

215 Birch-Hirschfeld, A., Arch. fiir Ophth., 71, 573 (1909). 

276 de Chardonnet, Compt. rend., 96, 509 (1883). 

cot’ Ga” A. E., Am. J. Physiol. Optics, 4, 145 (1923); Graham, W. P., J. Opt. Soc. Am., 

922). 
218 Saidman, J., and Dufestel, L. G., Compt. rend., 182, 1173 (1926). 

279 For a very detailed study of the transmission of the various media of the eye and of the eyé 

a whole, see Shoji, Y., Mitt. Med. Fak. Univ. Tokoyo, 29, 61 (1922). This is discussed in Laurens, 

“The Physiological Effects of Radiant Energy,” p. 150. New York, The Chemical Catalog Co., } 
(Reinhold Publishing Corp.), 1933. : 

_ *0 Verhoeff, F. H., and Bell, L., Proc. Am. Acad. Arts Sci., 51, 640 (1916). 

Burge, W. E., Am. J. Physiol., 39, 335 (1916). 
_ *®8Schanz, F., Arch. ges. Physiol. (Pfliiger’s), 170, 646 (1918); J. Chem. Soc., 118, II, 213 (1920). 

Adams, D. R., Biochem. J., 23, 902 (1928). 
. es are G. C., and Schamp, H. M., Arch. Ophthalmol., 17, 234 (1937); Chem. 

aes) . 

Hinrichs, M., Proc. Soc. Exptl. Biol. Med., 27, 535 (1930). 

q 5 Report of Glass Workers’ Cataract Committee, Proc. Roy. Soc., 103B, 192 (1928). 

a Note also Sheard, C., Am. J. Physiol. Optics, 5, 214 (1924). 

1 ™ lieben, F., and Kronfeld, P., Biochem. Z., 197, 136 (1928). ° | 
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with and without a sensitizer. In no case could there be observed any gg. j ; en minutes’ exposure to ultraviolet rays, but the cells regain their proliferative 

in the tryptophane content of the lens proteins. Under the same con dition er when transferred to a fresh medium. The lethal dose is ten to fifteen times 

solutions of the lenses in alkali, containing the equivalent of 0.5 per cent of Byarge- 3 
tein, considerable destruction of this amino- acid occurred, but since the degual P pick embryos show a differential susceptibility to ultraviolet irradiation, the 

SUT: > : 

tion did not occur in solutions four times as concentrated, it was assumed thaslll 

protein of the lens is protected in high concentrations from chemical changed t 

to light. Normal human lenses and those with cataracts showed no differ 4 
in the tryptophane content of their protein. = 

The ability of the lens to oxidize certain organic acids (fumaric, malic . 
succinic) is decreased by exposure to ultraviolet light.?° "| 

The glutathione content of the ox lens is decreased by exposure to ultrayia 
light and to a more marked extent by heat rays. Frog eyes not exposed to lie 
show an oxygen consumption of the order of 6.5 cu. mm. per gm. of tisgye a 
minute. This is decreased by exposure to light.?9° } : 

The lactic acid content of the aqueous humor is unaffected by keeping anim, 
in light or darkness.29! The natural vitreous humor of pH 8.2 absorbs near 2¢¢ 
to 2700A, differing from the crystalline humor which absorbs at 2760A.292 

D jons of greatest physiological activity being the most easily modified by sub- 

Bil doses.2°° ‘These same regions also die and disintegrate the most rapidly on 

4 application of lethal doses. In the embryonic stages there is a single antero- 
SE erior gradient of susceptibility which in later stages is complicated by the 

DE eavance of local regions of high susceptibility. In general, the susceptibility 

Be modification of development by ultraviolet irradiation is proportional to the 

losase- marines Teenie: 
“The effects of local ultraviolet irradiation of developing embryos of Triton 

nomiatus are largely limited to the surface cells, according to Durken,?%? probably 

4 account of the great light absorption by the yolk granules. The result is a 

- tomentation of the irradiated area, followed by a contraction of the surface of 

She cell, which forces out its contents. In the later stages of development, 

s radiation kills the entire cell on which it falls, and the dead cell is either thrown 

out or, in still. older embryos, remains within the organism without undergoing 

farther development. Irradiation of the organizer region of the Triton embryo 

ean completely or partially inhibit the organizing action without killing the 

membryo.2°° Since the active substance appears to be very stable, its direct inacti- 

vation by light seems improbable. Reith, however, regards the power of induction 

by the organizer region (blastopore lip) when implanted in normal gastrulae as 

yery resistant to ultraviolet radiations.301 

To determine the nature of the colloidal changes which occur in irradiated 

protoplasm, Remotti 292 bred some of the young of Salmo lacustris in darkness 

and exposed others to a 1000 cp. electric light. The serum drawn from the 

irradiated and sectioned embryos reacted more slowly with hydroquinol than that 

from non-irradiated ones. 

~ Chick embryo cells grown in media containing cancer-producing hydrocarbons 

are photosensitive. Methylcholanthrene, 1,2,5,6-dibenzanthrene and 1,2-benzo- 

pyrene in concentrations of 0.05 to 0.1 per cent do not affect the growth or mitosis 

‘of the cells until the cultures are exposed to a bright light. Exposures of two to 

ten minutes cause changes in the cells and inhibit mitosis, but the cells subse- 

quently recover and proliferate, unless the exposures have been unduly prolonged.?°% 

_ Ultraviolet irradiation of the larvae of Drosophila melanogaster does not pro- 

long the larval stage as do x-rays. The immediate effects on carbon dioxide 

| formation were, however, similar, according to Thompson.®° Small doses of 

ultraviolet light hasten the development of mosquito larvae, but larger amounts, 

and also complete darkness, are harmful.?% : 

The penetration of acetic acid into the living larvae of frogs occurs more slowly 

EFFECTS oF ULTRAVIOLET LIGHT ON DEVELOPMENT OF SIMPLE ORGANISys 

Lillie and Baskerville 29? in reporting experiments on starfish eggs, state the 
effects produced in unfertilized eggs by brief irradiation with ultraviolet fay 
to resemble those of partial activation. The immediate change produced in the eg 

system is of the same essential nature as that caused by temporary exposure - 
high temperature or other activating agent. The primary effect of the rays 
probably a structural change, that is a change in the colloidal substratum of ¢ 

protoplasm and probably of the surface layer, upon which follow specific chemig 
effects as a secondary consequence. 4 

Exposure of the eggs of Chaetopterus for sixty to seventy seconds at 21.5 ¢ 
from a mercury arc leads to a tendency of the eggs to fuse, after inseminatio 
during the cleavage stages into masses of twelve to fifteen eggs, because of chang 

in the cortex.294 | 
Irradiation of normal Arbacia eggs produces at first a slight increase, then 

decrease and finally a complete loss of the power of producing fertilizin.° TI 

irradiation of normal egg water produces a fading of the echinochrome pigment, 

a slight increase in the pH, and a reduction of the agglutination of fertilizi 

The more concentrated suspensions of sperm show an increase of viscosity and 

decréase of surface tension following irradiation. Irradiated sperms show a redu 

tion of agglutinability by normal egg water. The more dilute suspensions are th 

more susceptible. | 

Vlés and Gex 296 found the principal absorption band of sea urchin eggs 

be at about 2800A. 4 

The growth of cultures of connective tissue may be inhibited by an eigl & 

: } @onier, S., scemnbt. rend. soc. biol., 93, 1389 (1925); Chem. Abs., 20, 1821 (1926). 

29 Adams, D., Proc. Roy. Soc., 98B, 244 (1925); Biochem. J., 23, 902 (1929). ;% _ “8Hinrichs, M. A., J. Exptl. Zodl., 47, 309 (1927); Chem, Abs., 22, 994 (1928). 
eon Pg ee igaa) Acta Brevia Neerland. Physiol. Pharmacol. Microbiol., 3, * ® Diirken, B., Z. wiss. Zodl., 144, 123 (1933); Chem. Abs., 28, 534 (1934) 

; em. ae » i 
f “300 Di ‘i ’ Risieet ote ; . *3 . 

201 Wittgenstein, A., and Gaedertz, A., Biochem. Z., 176, 1 (1926). - a a. Pe ay oe nye Chem. Abs., 32, 3490 (1938) 
. . 

_ ’ oo) . . +9 9 Ps . + 9 . 

a ee bly By A C1UaT Chem. abs, 28) 3077 tie 1922 2 Remotti, E., Atti accad. Lincei, 3, 772 (1926); Chem. Abs., 20, 3196 (1926). 
Lillie, R. S., and Baskerville, M. L., Am. J. Physiol., 61, 57 (1922); Chem. Abs., 16, 2937 (194 308 Lew “Boag » 9s ; » as 

cf. Baldwin, W. M., Biol. Bull., 37, 294 (1919); Chem. Abs., 14, 1164 (1920). a, a... M. R., Am. J. Cancer, 25, 305 (1935). 

24 Just, E. E., Science, 71, 72 (1930). ompson, W. R., J. Gen. Physiol., 18, 869 (1935). 

295 Hinrichs, M. A., Biol. Bull. Marine Biol. Lab., 53, 416 (1927); Chem. Abs., 22, 463 (1928). 8 [ Frost, F. M., Herms, W. B., and Hoskins, W., J. Exptl. Zoél., 73, 461 (1936); Chem. Abs., 30, 

: ie 4 (198! 404 (1936). 
26 Vlés, F., and Gex, M., Bull. Inst. Oceanograph, 658, 23 pp. (1934); iChem. Abs., 29, 218 ) 
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in darkness than in light.2°6 If the larvae are exposed to ordinary light 
illumination is followed by no after-effects, but if the quartz lamp is used, g dea 
influence on the permeability of the larvae remains. The irradiation of tadp 
causes accelerated development, but that of frog and toad spawn ig with 
effect.307 a 

Higgins and Sheard 898 stated in respect to the early larval development _ 
Rana pipiens that the stimulative action of light is due to the region between 40 
and 2800A and that lethal effects are due to wave-lengths shorter than 2809 4 
Ultraviolet rays stimulate the exogenous growth of cells and of the organism a. 
whole. However, they inhibit subsequent exogenous metabolic processes and ther 
fore interfere with growth and cause death. 4 

Neoplasms. The excess of nuclein phosphorus in cancerous tissue oul 
that in normal tissue observed by Enselme and Enselme 2°? disappears after ult 4 
violet irradiation. On the other hand, lipid phosphorus increases in the irrad: 
ated tumor at the same time as the proportion of fat. Under the influence , 
irradiation, the tendency is for the nuclear constituents to be decreased and for 
cancerous tissue to be transformed into fat. ’ 4 

7 

Strong irradiation with ordinary incandescent lamps seemed to hccelerate : 
development of papillomas and cancers in mice treated with tar by Vlés, de Coulay 
aad. Ugo.Ft9 q 
_ Lecithin, especially after irradiation with ultraviolet light for 24 to 600 hoy 
is said by Roffo 311 to inhibit the growth of sarcoma cells in vitro. | , 

Roffo and Pilar 312 called attention to a possible relation between the increase 
cholesterol content of skin irradiated by ultraviolet. light and the formation ( 
tumors. They observed that 92 per cent of the skin tumors of the face occurre 
on the parts directly exposed to the sun. Keratotic carcinomas follow hyperker, 
totic injuries to the skin exposed to the sun.313 5 

They occur particularly in blondes; pigmented skins are more resistant to th 
light. All of the cases studied gave a history of long exposure to the sun an 
only 3.62 per cent were less than forty years of age. Roffo 3!4 exposed ten rats t 
ultraviolet light. Three died within a few days. The remaining rats were expose 
to gradually increasing doses for two weeks and then to a continuation of the las 
dose for seven or eight months. All these animals developed tumors, multipl 
keratoses, papillomas, carcinomas and sarcomas. The common sites of the tumor, 
were the regions naturally free from hair, such as the ear, the conjunctiva, or 
regions from which the hair had been removed. In one animal there was a spindl 

cell sarcoma on one ear and a carcinoma on the other. | 
On the other hand, Seel and Carls,315 find ultraviolet irradiation to inhibit th 

formation of metastases in rabbits injected with the Brown-Pierce sarcoma. If 
was even able to prolong their lives. | 

806 Van Herwerden, M. A., Protoplasma, 8, 413 (1929); Chem. Abs., 25, 3405 (1931). 

807 Abderhalden, E., and Hartmann, J., Arch. ges. Physiol. (Pfliiger’s), 218, 261 (1927); Chem. Abs. 
22, 1810 (1928). 

808 Higgins, G. M., and Sheard, C., J. Expil. Zobl., 46, 333 (1926); Chem. Abs., 21, 3236 (1927) 

809 Enselme, J., and Enselme, J., Compt. rend., 184, 1353 (1927). q 
( laa F., de Coulon, A., and Ugo, A., Arch. phys. biol., 12, 255 (1935); Chem. Abs., 30, 186 

1936). 

aa A. H., Bol. inst. med. exptl. estudio cancer, No. 41, 4 (1936); Chem. Abs., 31, 43% 
1937). 4 

312 Roffo, A. H., and Pilar, F., J. Physiol. Path. Gen., 28, 854 (1934); Chem. Abs., 25, 2478 (1931) 

818 Roffo, A. H., Neoplasmes, 12, 257, 521 (1933). , 
314 Roffo, A. H., Ibid., 13, 129 (1934); Chem. Abs., 29, 507 (1935). 
315 Seel, H., and Carls, H., Z. Krebsforschung, 40, 416 (1934); Chem. Abs., 28, 3787 (1934). 

7 , Henri and Mme. Henri**® have shown that ultraviolet rays produce involun- 

js Ted 
he' ec ‘< ; e ° per during the initial period photochemical reactions take place in the peripheral 

orge™ 
osmosis. ‘ . il b ° d 

prolonged exposure to ultraviolet rays renders Cyclops immobile, but it responds 

a ultraviolet rays and the “initial period” is then longer, but gradually returns 

#0 

termi 
exc 

) 
a be ati increase or a decrease in the rate of the physiological processes. . 

' The respiration of Calanus finmarchius may be increased 100 per cent by light,’ 

| according to Marshall, Nicholls and Orr.?48 
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MISCELLANEOUS EFFECTS ON VARIOUS ORGANISMS 

ons 
L 4 
__., movements in small animals, that a fixed minimum exposure (initial period) 

uired to produce this effect, and that a definite time (latent period) elapses 
n the termination of the initial period and the movement. The results show 

ans and that the products of these reactions are distributed by diffusion and 
The initial and latent periods are not affected by change of temperature. 

its primitive value. This is also the case with an animal in which the nerve 
nals have been etherized. The phenomenon of fatigue and the recovery of 

stability by ultraviolet radiation, therefore, has its seat in the peripheral organs. 
Hinrichs 31” maintains that the amount of irradiation in a given spectral region 

psorbed by the protoplasm in a given period of time determines whether there is 

The photolytic action of light on the luminescent granules of the ctenophore, 
 Buchoris multicornis, according to Moore,?!® conforms to the Bunsen-Roscoe law ; 
it proceeds as a first-order reaction and is not accelerated by a rise in temperature. 

Recent observations by Kuhn, Moewus and Jerchel 37° indicate that illumination 
“of an aqueous suspension of the gametes ot G hlamydomonas eugamentos leads to the 

“formation of certain substances which pass into the surrounding solution, and 

enable it, when added to a dark culture of gametes, to cause them to develop motile 
flagella and to fuse. These substances may also be destroyed by prolonged expo- 
gure of the solutions to light. The motility and development of flagella is produced 
by red, yellow, green, blue and total visible light, but fusion is produced only by 
plue and ultraviolet light. These authors have concentrated the motility substance 

obtained by illumination of gametes with a 500-watt lamp, obtaining it as an 

 orange-yellow dye, which after hydrolysis yielded in chloroform a spectrum similar 
to that of trans-crocetin. The original substance may be a glucoside of crocetin, 

similar to the crosin of saffron. The fusion substances, different for the male and 
~ female gametes, have not yet been concentrated. The precursor is exceedingly 

sensitive to light. The light-transformed product is'an orange-yellow, chloroform- 
soluble dye with properties similar to those of trans-crocetin dimethyl ester. The 

cis form of crocetin dimethyl ester easily rearranges to the trans form in blue or 
violet light. — 

The absorption spectrum of the porphyrin obtained by extracting the integu 
7 tent of earthworms in darkness is rather rapidly altered by irradiation with light.??+ 

Mitogenetic Radiations. In 1923, Gurwitsch*” claimed that certain biological sys- 
tems, such as the root tips of onion at certain periods of development, emit radiations in 
the short ultraviolet which may be detected by their ability to stimulate the growth 
of other tissues. These rays are called mitogenetic radiations. An extremely large 

_ 6 Henri, V., and Henri, Mme., Compt. rend., 155, 414 (1912); J. Chem. Soc., 102, 964 (1912). 

a17 Hinrichs, M., Proc. Soc. Exptl. Med. Biol., 26, 175 (1928). 

$18 Marshall, S. M., Nicholls, A. G., and Orr, A. P., J. Marine Biol. Assoc., 20, 1 (1935); Chem. 
_ Abs., 29, 3045 (1935). 

18 Moore, A. R., J. Gen. Physiol., 8, 303 (1926). 
20 Kuhn, R., Moewus, F., and Jerchel, D., Ber., 71B, 1541 (1938). ; 

81 Kobayashi, S., Sci., Repts. Tohdku Imp. Univ., 5, 763 (1930); Chem. Abs., 25, 2489 (1931). 
822 Gurwitsch, L., Arch. Mikrosk. Anat. u. Entw. Mech., 100, 11 (1923). 
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number of papers deal with this phenomenon, but as yet its existence can scarcely he .: 
be established. The radiations are usually stated to lie within the wave-length na 

: ta Der igs 
per second) that only by the use of a Geiger counter could they be physically deial 
Some competent observers using this method have failed to detect any evidence oa 

existence.” Most who claim their existence have used biological systems for Ke 
detection. In view of the uncertainty which surrounds this field no further disenke 

phenomenon. The reader is referred to the critical reviews of Hollaender and Claw 8 

It is said that the origin is one of several chemiluminescent reactions such as oxidat; 
that 

processes as the setting of plaster of Paris emit ultraviolet rays detectable only by 
ability to produce a pigmentation of the skin. Closely related are the necrobiotie .2 
which Lepeschkin believes to be emitted during the decomposition of constituent. 

1900 to 2500A, but to be emitted in such low intensities (about 100 quanta 

will be given here of the more than six hundred recent papers concerning this 

glucolysis, hydrolysis, splitting of nucleic acid, etc. It has even been stated 

cells which have just died.*° 

828 Lorenz, E., U. S. Public Health Repts., 48, 1311 (1933). 

824 Hollaender, A., and Claus, W. D., J. Opt. Soc. Am., 25, 270 (1935). 

825 Note also the article by Hollaender, A., in Duggar, B. M., “Biological Effects of Radiatio, 

Vol. 2, New York, McGraw-Hill Book Company, Inc., 1936. 

826 Lepeschkin, W. W., Ber. deut. Bot. Ges., 50, 367 (1932); Chem. Abs., ‘27, 316 (1933), 

Chapter 37 

Therapeutic Applications of Ultraviolet Light 
~ Exclusive of Rickets 

S* 

“The health-promoting properties of sunlight have been recognized from the 

sarliest times. The Egyptians treated their sick by exposing them to the sun and 
te Greeks and Romans had solaria. In the development of medicine, however, 
ctinotherapy received relatively little attention until Finsen in 1893 began a sys- 
‘matic study of the therapeutic uses of light. 

] Local Therapy. His most notable results were attained in the treatment of 
tzpus (skin tuberculosis) by the rays from a strong carbon arc. Since the source 
used by Finsen was relatively poor in the effective ultraviolet radiations it was 
wecessary to make prolonged exposures with local pressure for an hour every five 

‘davs over a period of about six months. The advent of the therapeutic quartz 
with the improvements described by Kromayer (see Chapter 7) made it 

ible to shorten the irradiations to but a few minutes. Although Finsen attrib- 
the results to a direct bactericidal action of the rays, it seems, however, that in 

y cases the bacilli may be lodged too deep for the rays to penetrate to them. 
, Jessionek and Reyn have suggested that the effect may be indirect since it 

was found that areas of lupus beyond the immediately irradiated areas also showe 
improvement. | 

_ Dermatologists use this form of treatment for a number of skin diseases other 
than lupus.1 The Council of Physical Therapy of the American Medical Associa- 

stated that ultraviolet irradiation may produce a favorable effect in the follow- 
e dermatoses: scrofuloderma, erythema induratum, eczema, psoriasis, parapsori- 
is, pustular folliculitis, indolent ulcers, furunculosis, acne vulgaris, angioma 
rpiginosum, pityriasis rosea. It also is stated that this treatment may induce an 
ack, cause an exacerbation or produce other injurious effects in the following 
nditions : eczema, psoriasis, lupus erythematosus, herpes simplex, xeroderma pig- 
ntosum, farmers’ skin, and prematurely senile skin. It was held that in some > 
es the effect of the treatment may be due to a local lethal action upon the super- 
ial diseased cells, which subsequently gradually slough off. In other cases, the 

eitects are due to causes far more complex and as yet but little understood.” 
_ Dentists have stated that unfiltered rays from a Kromayer lamp may be 
employed to advantage in the treatment of sockets after extraction to relieve pain 

d to promote the formation of new tissue. The usual technique is to precede a 
One-half to five-minute application of the rays by a thirty-minute application of 
infrared rays. 

a Sunlight therapy for local diseased areas was introduced by Bernhard. in 
Switzerland. He states? that he first observed the beneficial effects of sunlight 

Russell, W. K., Am. Med., 34, 390 (1928). | 
ss American Medical Association, ‘‘Handbook of Physical Therapy,’ 2nd Ed., 1937. . 
Frock Bernhard, O., cited by Laurens, H., ‘“The Physiological Effects of Radiant Energy,” p. 136, New 
*ork, The Chemical Catalog Co. (Reinhold Publishing Corp.), 1933. 
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upon large intractable wounds in 1902. Bernhard attributed the beneficjgy > | 
of sunlight to the entire spectrum rather than to just the ultraviolet reo fe 

5?0N, 
considered the more penetrating visible and near infrared radiations to F 

4.2 carbon arc. Others employ the air-cooled quartz mercury arc for this purpose. 

the er has, for example, stated that peritoneal tuberculosis usually responds to the 

sy rm of treatment. The lethal rays emitted by the mercury arc are reduced 

epithelization. The hyperthermia produced i timulg, Bear £0 
ea ie ee ae eile eaniaae ks lessens the 3 pe derably in intensity as compared with those of the closely applied water-cooled 

PP ion of the rays of thelqaaam 1 the greater distance between the arc and the patient. The present tendency, 

atc, b 
‘ A ere . ak 

a 4 ever, seems toward the use of the carbon arc in solaria for the irradiation of 

t  eoe numbers of patients at one time, since its emission corresponds so much more 

Bice! y to that of sunlight than does that of the mercury arc. A recent hospital 

_gstallation is shown in Figure 24 (p. 63). 

4 Because of selective reflection of various spectral regions, consideration must be 

ojven to the nature of the reflectors used with either the carbon or the mercury arc. 

These if improperly chosen, may alter the quality of the radiant energy emitted by 

the source. If it is desired to study the relative effectiveness of various spectral 

‘regions, provision must be made for the use of suitable filters surrounding the 

source to isolate various bands of wave lengths. 

The intensity on.a given skin surface normal to the rays varies approximately 

as the inverse square of the distance from the arc. This is only a rough statement 

“pecatise the arcs used are not true point-sources of light. The intensity also varies 

with the cosine of the angle made by the skin surface with the beam of radiant 

energy. ‘These factors may be considered in calculating the amounts of energy 

‘yeceived per square cm. of skin from known values of the energy output of the 

source under the conditions of operation employed. In practice, however, the energy 

incident upon the patient may be directly measured by some calibrated apparatus, 

such as a thermocouple, photoelectric cell, or chemical actinometer. , 

In determining the dosage in practical therapy, the physician is usually guided, 

‘not so much by energy measurements, as by experience with the effects of the 

source on patients with various types of skin. A test exposure is made to determine 

‘the time required to produce a given degree of erythema, and on this is based the 

dosage to be applied to the body. The erythema test is made on the patient’s upper 

arm, which is covered by a shield cut from a large envelope and containing five 

small holes. Under this shield is placed a strip of the same material as the shield,, 

_ which may be withdrawn so as to expose successive areas. A convenient series of 

exposures permits the irradiation of the areas for times successively doubled from 

fifteen seconds in the last exposed area to a total of four minutes in the first. These 

periods are usually suitable for exposures at 36 inches from a bare A-2 National 

Carbon Co. carbon are with high-intensity carbons and without a filter glass. In an 

- individual of less than average susceptibility to sunburn, the spot receiving the four- 

minute exposure shows a visible degree of erythema about forty minutes after the 

completion of the test and all five spots are clearly visible in less than two hours. 

_ Substantial pigmentation results from all exposures but that of fifteen seconds. 

- With the filter glass in place the exposure period required to produce a given 

degree of erythema is three to four times as long as that required when the same 

carbons are used without the filter. This method of grading the dosage serves as a 

safeguard against overexposing areas large enough to cause painful and possibly 

injurious burns. 
_ The full line curves of Figure 21 (p. 61) show the distance at which the 

radiation intensity in the wave-length region 2900 to 3100A equals that found in 

average clinical sunlight for patients at various distances and angles from the 

filtered carbon arc. The average intensity of that wave-length band in clinical 

sunlight is taken as 14.5 microwatts per sq. cm. The curves are for high-intensity 

Sunshine carbons. With high-intensity therapeutic “C” carbons, the intensity will 

if 

mercury-arc lamp to wounds not on 1 i i iati isan ren | only fails to provide these beneficial radiat; 

Rasero * however, claimed that good results followed the irradiation of a 
wounds with the mercury arc, and Coulter and Smith found doses of a Pac 
light which produce a mild erythema on normal skin to aid in the treatment ee 
and wounds.® They also recommend ultraviolet light in the preparation of Sb 
granulation tissue for skin grafting. | 

Since the water-cooled Kromayer arc emits a large proportion of its ene; 
wave-lengths shorter than 3000A, it tends to produce more lethal effects tha a 
air-cooled mercury-arc. The radiations from the water-cooled arc descriiil 
Chapter 7 may be applied to areas within the body orifices by means of a i 
applicators employing the principle of internal reflections. A wide variety of tl ’ 
vaginal, prostatic, proctoscopic, nasal, sinus and the like, are available. 

General Body Therapy. A more recent development is the general irradiat; 
of large surfaces of the body. Among the most brilliant clinical developments of “a 
past few decades have been those reported by Rollier and others on the use of “ 
light in the treatment of tuberculosis of the bones and joints. Since these results val 
obtained in a clinic opened in 1903 at Leysin in the Alps, at an altitude of isd 
meters, they were attributed to the ultraviolet energy abundant in the solar radia 
tions at those altitudes. As yet, however, there can scarcely be said to be cone 

agreement among those who use the methods of heliotherapy most successfully asd 
which rays of the sunlight are of the greatest value. The problem is obviou h 
complicated, since factors other than sunlight, such as the effects of altitude fred 

air, rest, adequate diet and other therapeutic measures affect the results attainen 
Thus it is difficult even to evaluate the part in the cure played by sunlight. There . 

obviously still a need for much experimental work before it will be known whit 
wave-length regions contribute most to the value of this form of therapy. F 

That heliotherapy can be successfully employed at sea level has subsequently 
been demonstrated, notably by Sir Henry Gauvain in England. Gauvain attributed 
much of the value of heliotherapy at sea level to the frequent variations in intensifl 
which are encountered there. It may be recalled that it had been demonstrated . 

Laurens and Mayerson that fluctuations in light intensity stimulate various physio: 
logical processes. Other successful clinics for heliotherapy at low altitudes ha re 

been those of Kisch near Berlin, of Phelps in New Haven at Yale,® of LoGrasso . 

Perrysburg, New York,’ and one at Chestnut Hills in Pennsylvania, described by 
Eliason.8 1 

At some of these clinics, heliotherapy has been supplemented by the use of atti- 
ficial light sources, particularly during dark seasons and during the months when 
the ultraviolet radiations in sunlight are reduced in amount. Reyn supplemented the 
local treatment of lupus at the Finsen Institute with general body irradiations with 

Ons by 

r 

‘[¥ z 

infecte 

ese, 

oe R., Riforma Medica Nables, 38, 772 (1922). 

oe J. S., and Smith, E. M., Jr., Radiology, 16, 737 (1931). 

Phelps, W. M., J. Bone Joint Surgery, 12, 253 (1930). 
™M “Clini Skt . pe nee : ' 

Whine Comes yeas se plnauon of Sunlight and Artificial Radiation,” Baltimore, Williams ane 

. 8 Eli 43, voit ee. T., Annals of Surgery, 88, 947 (1928); note also Armand-Delille, P., J. State Med, 
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indi ; i isi ight, since its presence lessens the reflection be over three times the value indicated in the figure. With the filter remoyan aiding ppe ae = Bate ne ee the pues surface radiates heat at a 
° ° . . 

. ° 1, tT 1 ft : , a SO Wa 
x 

° 

intensity of radiations shorter than 3100A will be about 18 times the values shoy orl . -_ d rate and so permits the body to be subjected to longer periods The wave-length range specified was chosen for reasons which will become an... in the discussion of the treatment of rickets in the following chapter, . PPare 
Several clinicians attempt, in administering general irradiations fo; oval 

effects, to produce a gradual deep tanning of the entire body without causing y,.2 
tion or undue peeling of the skin. It is scarcely necessary to state that the i 
should be carefully protected during the exposures. Details of the technic Ha 

be sought in the detailed reports in the medical literature. It is sound Practica 
commence by fractional exposures, at each sitting exposing a fresh part al 
increasing the exposure of previously irradiated regions until the irradiations cad 
the whole body. This has been the practice of Rollier in heliotherapy, 

ightly M4 i e production of symptoms of insolation. 7 ae awe nae pomen tine may be produced without visible ery- 

_— vided very carefully graduated doses are employed. Another believes 
theme Fee treatment of tuberculosis, doses causing erythema are more ae 

hat ci 1 results than are repeated smaller ones. If the views of those who 

of Se tencficial effects are to be ascribed to the non-specific proteins or pro- 

petieve osition products produced by injured cells are held correct, it might be 

ein to use wave-lengths capable 16 of producing erythema in order 
hous ce the necessary cell injury. If, on the other hand, the beneficial results 

and it (a 4 pro es . ith curative properties, as experimental justification in the work of Levy (1916) and of Gassul (1920), q Be due to the formation in the a ia ees pennant of the cure have shown that general irradiation of the whole body at the first sitting may |e. Bye from time to time been ee t wave-lengths other than those which cause. to unfortunate results. Although at one time it was suggested that patients con of rickets, then It 1s Nba ae 5 aadiese s state problems for the future which be sensitized to light to make the treatments more effective by the injection , erythema might suffice. hese spect lI-controlled experiments in large insti- eosin, such methods are no longer employed.® . 4 will probably best find their solution in we 
MacCormac and McCrae!° have given an account of a serious dermaty which followed a mercury-arc irradiation of about an hour and ten minutes in th case of a patient who fell asleep during his customary artificial sunbath. After severe sunburn, there resulted ten days later a severe toxic generalized dermatit 

and recovery was delayed for over a month. q 
There is as yet no general agreement as to the best methods of conduct) 

irradiation therapy. Details of the methods employed and of the results obtaine 
in the treatment of tuberculosis of the bones and joints, peritoneum, intestj ia 
lymph-nodes and genito-urinary system must be sought.in the texts of Rollier of Mayer,1? and of Russell and Russell,!8 which deal with the experience with th therapy in France, the United States and in Enegland.14 4 

There has been one group of workers which holds that pigmentation is nece sary to the curative action of ultraviolet rays and that its degree may be regarde as an index of the progress of the cure. A filtering action of the pigment migt 

hich ‘ations. It would be possible from such experiments to learn corr AES 
oo lengths are essential to the curative process and to eninge i she 

; Rice of accuracy the dosages of energy ne ree avd an A 
des? * : ° : tudy oO e mecnan ) «formation would provide a basis for a s : 

| BP peutic results are attained—a mechanism regarding which we have at present 
tne : 
14 ore than speculations. : 
Bins 17 has asserted that the beneficial results are due to a band of anti 

3 lying between 3200 and 3800A. His work could not, however, be wren 

Bi by Luce-Clausen and Bayne-Jones1!8 and it has been oe nee 
Bi otion that the sunlight he employed was devoid of rays shorter than ; 
Say have been erroneous and that the filters he ee in other experiments may 

a fat horter wave-lengths. not have completely eliminated the s wi 
q Experiments in which guinea pigs were injected intra-abdominally with pede 

Be rcilli failed in most cases to indicate that irradiated eine ue ae degen 
s : 19 20 found some tavorable serve to lessen the lethal action of exposures to intense sunlight at high altitude than the non-irradiated oe ; a preiea bat experiments. where there may be available a very narrow band of radiations of wave-length in the case of irradiations by irect oe g ‘tamin D has a favorable effect on tuber- | between 2970 and 2910A. However, since most of the pigment is located in th ig The possibility that the peers unten iene As yet opinions are divergent basal cells of the epithelium, and the lethal action occurs in the prickle cells, th -ctlosis will be considered in the fo ible c cu re fhebulnibnedy: tabercalones pigment could be expected to exert a protective action only upon the deeper tissue _as to the advisability of employing t “a spin a Ealhiese and many others that which, except in the case of the most intense irradiations, are comparatively slightly “There is still an biden held by ae Paras tiaviciosmba steht 'gesiieedl- rele affected. | | _ phototherapy is dangerous in suc ; Le eet r . that if caution is Balderrey and Ewald 1 stated that pigmentation is not merely a protectior _ observers including Potter, Eberson, het Ae at ri believe against the harmful effects of the shortest wave-lengths, but is an important facto _ used, the treatment may be productive of valuabl adic bint eubeboulosle ee Jemma *+ states that in twenty children with bone and joint tu ae a 

lowered alkaline reserve was restored to normal during ultraviolet lig 4 i ae 
Ih adult patients, Spence 2? observed a considerable rise in the blood ¢ H a 

after a month of treatment. The greatest rise occurred in those patients who 

® Gyorgy, P., and Gottlieb, K., Klin. Wochschr., 2, 1302 (1923); Chem. Abs., 19, 1600 (1925). 7° MacCormac, H., and McCrae, H. M., British Med. Jey dy j098 (1925), 
vf a A., ‘‘Heliotherapy.” Translated by de Swietochowski, H. Milford, Oxford University ress, ; 

22 Mayer, E., “Clinical Application of Sunlight and Artificial Radiation,” Baltimore, Williams an Wilkins Company, 1926. 
* Russell, E. H., and Russell, W. K., “Ultraviolet Radiation and Actinotherapy,” New York P. Mount & Co., Cleveland, 1934. Wm. Wood, 1928. 

| _ Phelps, W. M., J. Bone and Joint Surgery, 12, 253 (1930). eee 14 For more recent reports, see Petter, C. K., Ann. Internal Med., 4, 1452 (1931); Lehman, A. M 18 Luce-Clausen, E. M., and Bayne-Jones, S., Am. Review Tuberculosis, 24, . ( ‘ 34 
and Bartholomew, D. C., J. dm, Med.’ Assoc., 98, 1343 (1932); Willis, H. S., and Cohen J, Ah "Steinbach, M. M., Hess, A. F., and Weinstock, M., Am. Rev. Tuberculosis, 22, 35 (1931). 
Rev. Tuberculosis, 23, 286° (1931); Jessel, G., Lancet, I, 1182 (1931); Patdee, K.. (° B & Jom ; aoe eM, oo ee :5) 94, 695 1€79319 . 
Surgery, 12, 270 (1930); Cox, G L., Brit. J. Tuberculosis, 24, 1 (1930); Tubercle, 12, 17 (1930) _ “Greenfield, M., Am. Rev. Tuberculosis, 24, 3 22, 4620 (1928) 
Phelps, W. M., J. Bone and Joint Surgery, 12, 253 (1930); Mayer, E., Ann. Internal Med. 1 ; 41Jemma, G., Pediatria Revista, 36, 878 (1928); Chem. Abs., 22, . 

2 
a ay iat] >? 

’ 16 Peskind, S., cf. ‘Photochemical Immunization: Autogenous Vaccination Through Irradiation, a 9 °9 ° 

ee Aranes ; — Spence, C., Brit. J. Actinotherapy, 3, 148 (1928); Chem. Abs., 23, 858 (1929).  Balderrey, F. C., and Ewald, E., Am. Rev. Tuberculosis, 8, 501 (1924), : ie 
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showed clinically the greatest improvement. 
and phosphorus levels were observed. 

With the demonstration of the value of ultraviolet thera 
of tuberculosis and of rickets (see Chapter 38), iE varying results in a wide variety of diseases. | With cial 
for its efficacy in conditions ranging from mental diseases through Whooping cal to bronchial asthma. Unfortunately, the results obtained have not been Such ac® sustain the enthusiasm with which the method was lauded. Illogica] ic 

. * ry ° e ted 

1 in patients with pigment ionific | ! icken pox are slighter than usua Bobs ones 

hoe ioe the ca ie 4 pee found that skin infections occur red sain sid La 

i. cats and Carnot, Camus and Benard found that in rabbits 
ous e ; ; 

anted ha ion was pre- 
lation with vaccine virus, the development of an eruption p 

Ici | 

PY in th 
irradiation came to b 

The literature is replete 

te 

6 oa i tore inocu 
Itot “the mm ‘ ing tericidal as a result o ented. d should also become increasingly bac olebrook, 

pte ee diction of a patient has been occasionally suggested. C lize | C -y increase in the onera and Hill3 have given some evidence for a temporary , a . . to the mercury arc. attempts ; gidinow od following a single exposure : utilize ultraviolet light for conditions for which there is little theoretical or ed “7 q ericidal power os eect or mercury-are irradiation of rats raised saree mental foundation met with failure and caused many physicians to discard a. Be rtson ® believe -- Blasi 35 found that the opsonic inc t “<p o ce to infection with B. coli communis. sive equipment. | ; pcistatl The physiological studies reviewed in the preceding chapter reveal few 
4 the tubercle 

plood serum of children with a positive areata me aie fs awe sama 
f the d after ten irradiations with the merct smiitat eiteeoms ot basis upon which to build a4 ration. meme was increasc@ alt 0 patients who had received single Inject1o rmal or diseased subjects have a pat carbon arc baths applied to 23 pa tion of agglutinins in their blood. He ing results. It might be tho Silver - typhoid bacilli increased the forma Meant purse tisititeg! iain red lye Td 

erence has been made in the a i oe jeved the effect due to the ee - ae (described in the preceding chapter ) : a Mee ding pe i ical experim chapter might serve as a basis for expecting irradiation to give results in the treat general, however, a es A nsion ief that i iation increases resistance. n hi | : ‘ven li ion for a belief that irradiation inc ment of hypertension. I deed, some favorable responses to this treatment Were have give gle foundation . tat ight protect people from : : : t generalized irradiations mig recorded by Laurens in a study of a series of cases of essential hypertension. Others - Many have suggested that g however, proved entirely refractory. Marx . 
ies of experi- i nell 36 conducted a series Of € ** reported rather favorable results + the common cold. nea tae oa pee ie maraleecAc treatments at iRgaes a series of 21 ambulant, hypertension patients, using carbon filament lamps. Wig ments on students, “ # ie 4 amperes and 130 volts. The entire posterior ne the carbon arc, Bach 24 found that in 105 observations on 19 men and 10 women the arc being ee toe received the rays for five minutes, the sad U, the blood pressure fell during irradiation in 101, showed no change in 2 anc anterior eee for Rigid nine weeks. 58 controls were used. afd increased slightly in 2 observations. The decreases averaged 7.2 mm; the larges mee eiverl Weekly lds per individual treated was 1.48 and per in ividua was 17 mm. With the quartz mercury arc, Koenigsfeld 25 observed decreases ¢ period the * Sara eae ‘bed the failure of others to reduce the inci- from two to eight mm. immediately after irradiation. untreated 2.48. These savebie ser abba In a second series, in one twelve-week bichler 26 obtained marked decreases in blood pressure, but dence of colds My this a a) a d 2.20 colds in the treated and untreated tly ep shortly after the treatment. The probability is that dilatation of the skin vessels period the ae ee weeks showed 1.24 and 2.79, respectively. The subjects produces a transient lowering of the blood pressure and causes some decongestion ‘A second period of nine ially prone to suffer colds. of blood from the internal organs. | 3 ‘used were selected as Hens aoe specail a by the work of Doull, Hardy, Clark The results in anemias have not in general been encouraging, although som ee ie pe gies acaneierg arcs and gave light or moderate doses oe 

favorable results in pernicious anemia were reported from the Taft Heliotherapy “and Herman *" who a h The total incidence was found to be slightly Ward at the Cincinnati General Hospital.27 | a _ produced only + minimal ae ki i oeehting more than ten treatments than in the There is a widespread impression that the employment of ultraviolet light in higher in at eee in the irradiated group also appeared to be some- treating patients with diabetes is dangerous. This-is in part based upon observa- _ controls. ae than those in the non-irradiated subjects. . fatal tion by Sampson 28 and by McCaskey.2® From the fact, however, that the blood what more severe 4 nd Green.’ found that irradiation did not protect intants sugar is commonly reduced somewhat during irradiation, it seems that there is a. ae apeicheeeae LN ie pot Ee Ae infections. Both the carne little if any foundation for this contention. Indeed, some workers, such as F aber om lig ‘rc were used. In children the evidence from blood c and Bloch,?° have obtained encouraging results in its use in the treatment of ac eo the pores! ae ce and Kassowitz 39 no enhanced bactericidal gts cabe! diabetic children. Grayzel, Collens and McKenzie 31 found it to have no effect on a hee ee eee irradiation. They concluded that in a maj ning a 
the sugar balance.of such bel cali I patients particularly if they were the hosts of an infection, daily quar 

_ their , 

° ° Py 
respong, to ultraviolet light which may serve as a { therapy. Studies of the irradiation of abno 

at least in the case of rickets, more promis 
the reduction in blood pressure to which ref 

es ia 

In eclampsia, Hochen: 
frequently it rose agaiy 

That ultraviolet irradiation should increase the resistance of the skin to infec tion was a natural suggestion from the results of local therapy. Rollier noted that 
23 Marx, H., Klin. Wochschr., 7, 795 (1928). 
24 Bach, H., Deut. Med. Wochschr., 37, 401 (1911). 
° Koenigsfeld, H., Z. Klin. Med., 91, 159 (1921). 
26 Hochenbichler, A., Centralbl. Gyndkol., 51, 1649 (1927). 
*7 Friedlander, A., and Wiedemer, C., Arch. Internal Med., 44, 209 (1929). 
*8 Sampson, C. M., “Physiotherapy Technique,” C. V. Mosby, St. Louis, 1923. _ °9 McCaskey, D., New York Med. J., 109, 504 (1919). 

1928). F. L., J. Exptl. Med., 47, 37, 45 ( i . M., Stephens, H., and Gates, , pict , A., Lancet, 
d 7 eb  sidinos A., and Hill, L., Brit. J. Exptl. Path., 5, 54 (1924); Eidinow ! 

1, 963 (1927); ‘ied. J. and Record, 130, 695 (1929). eR, Prov. = Robertson E C., Can. Med. Assoc. J., 19, 154 (1928); Robertson, B. ©., Soc. Exptl. Biol. Med., 27, 999 Auger (1929) eee 

q a aes Fata D. E., J. Preventive Med., 2, 69 (1928); Am. J. Hygiene, 9, 
a aughan, G. f., Sab . 1) 
1929). B.. Am. J. Hygiene, 13, 460 (1931). | ., and Herman, N. B., Am. o 

j | curt: os pie eer ee D., J. Am. Med. Assoc., 87, 1114 (1926); Barenbers, uy me | arenberg, L. H., 7? og ao). 
“0 Paber, F., and Bloch) C7"... Am. I> Diseases of Children, 30, 504 (1925). ; _L. H., and Lewis, J. M., Ibid., 90, es he ioe Assoc., 90, 280 (1928). 
$1 Grayzel, H. G., Collens, W. S., and McKenzie, M. R., Am. J. Diseases of Children, 38, 513 (1929). . 8 Gonce, J. F., and Kassowitz, K., J. : 
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: a saeedidds lenic anemia of irradiation led to a lowered bactericidal power of the blood. The Opposit q f Bi reported for the effects of ee art as ee eee ere 
was obtained in a few cases. Similar observations are due to Colebrook 40 & o be by Morabito,” although in the 

reat mastitis in cows by ultraviolet irradiations, ee 

5L found no consistent reduction in the number O 

cows with subacute or chronic 

has also been proposed for dis- 

me . ‘ a of tab . 
resist Bacillus leptisepticwm, found light doses to have little effect and heay bits 
to be harmful. According to Petrie,4! the susceptibility of guinea pig 

itis at 52 F — St S . ' : tion had any Perin, = 53 was unable to obtain evidence that ultraviolet irradia Baper 12 : e tl : on the effects of exposure under normal conditions on the resistance of o.- q Yon ee goiter. The weight and the iodine reve pt eee aR: thousand mice to Pasteurella infection. ‘— fect Bats reared in direct sunlight and in ae ripe topcase He the thyroid In the annual report of the Medical Research Council of London for 1927 9 a pelieves that a lack 4 ee ee ae BE yee diation and endemic goiter in the 
is stated that heavy expenditures for Vita-glass or other ultraviolet-transmige yeid and notes a relationship fe ie Test Gamncek weston, Hheedint oGnbeetint 

Jan ia and New Zealand. St-1 “sae : 
jnited ae aa Doon to the solar radiations and similar observations have 

s 

glasses for school rooms or for expensive irradiation equipment for schoole 1 
7 de in regard to variations in the iodine content of potatoes grown in South 

not been justified. Under the auspices of the Council, Dr. Dora Colebrook atranes 
an elaborate test of the value of lamp therapy, the results of which were entire 
negative. Her experiment, however, has been criticized, notably by Hiy ke 
Laurie,*® who felt that the control children had been unwisely selected in that tha lived in a district where the hygienic conditions and the available sunlight p, os nie) deretetipanye taediavnes ae been adequate. Their own observations indicated that irradiation improved Beier other applications | . : ; : tT n34 (1926). appetite and sleep of a group of children. The Council on Physical Therapy q *~3'Von Fellenberg 
the American Medical Association has stated that as far as normal persons ay | 
concerned the claim that exposure to ultraviolet rays increases or improves ¢ 
tone of the tissues or of the body as a whole, stimulates metabolism or tends 4 
prevent colds has not been conclusively substantiated. q 

Thus it would seem that opinions are still divergent in regard to the value g 
generalized irradiations on the general health and resistance to disease. This is; 
particularly difficult subject to investigate objectively. General reports of feeling 
of exhilaration or invigoration cannot be appraised scientifically. In contrast ¢ 
this, the value of irradiation on the prevention of rickets is definitely confirme 
and well understood. . 

, 
8). 

? ‘atri 27): Chem. Abs., 22, 1801 (192 
i F., Pediatria Revista, 35, 1112 (19 . 

ee Hansen, H. C., and‘ Cherrington, V. A., J. Am. Vet. Med. Assoc., 
pit GildOW, we) 2 

Ab 

35, 55 (1933); 
E. M 

iy, Abs., 27, 1399 (1933). 
e Patton, J. W., J. Am. Veterinary Med., 69, - 

, T., Biochem. Z., 235, 205 (1935). 

4 ut see Bergfeld, W., Endokrinologie, 6, 269 (1930); Chem. Abs., 

‘ Re aith J. H., Arch. Internal Med., 50, 76 (1932). 

24, 3552 (1930). 

There is some evidence that irradiation has a beneficial effect in bronchial asthma, af least in children.“ In hay fever, hyperesthetic rhinitis and the asthmas, investigations 
by Novak and Hollaender “ indicated favorable results attributed to an influence exertec upon the blood calcium which tended to be low in these conditions. Favorable effects of ultraviolet therapy given in conjunction with calcium salts in epilepsy have beer reported by Borrows.” | : 

Roskin and Romanova* find that non-therapeutic doses of novarsolan given with ultraviolet irradiations have no effect on malaria in canaries although they are effective in mice. The serum of irradiated mice has the property of increasing the therapeutic action of novarsolan, neoarsphenamine and novarsenol in the malaria of canaries, pre- 
sumably because of the passive transfer of some necessary factor. Although Roskin and 
others claimed“ that irradiation synergizes the trypanocidal action of neoarsphenamine, 
Giemsma and Ellenbogen® could not confirm such an action. Negative results have 

40 Colebrook, L., Brit. Med. J., 2, 11 (1924). 
41 Petrie, G. F., J. Hygiene, 30, 154 (1930-31). 
#2 Fill, L., Greenwood, M., and Topley, W., Brit. J. Exptl. Path., 11, 182 (1930). 
Hill, L., and Laurie, A. R., Lancet, Z, 182 (1931). ' 44 Saidman, J., Arch. Med.-Chir. lApp. Respiratoire, 3, 480 (1929). 
es de F, J., and Hollaender, A. R., J. Am. Med. Assoc., 81, 2003 (1923); Chem. Abs., 18, 1153 

46 Borrowe, P. J., U. S. Veterans Bureau Med. Bull., 7, 661 (1931); Chem. Abs., 26, 2245 (1932). 
47 Roskin, G., and Romanova, K., Z. Immunitits., 82, 461 (1934); Chem. Abs., 28, 7361 (1934); Z. Immunitats., 62, 147, 158 (1929); 72, 445 (1931); 67, 94 (1930); Chem. Abs., 25, 3080 (1931). fq 
48 Roskin, G.,- Bichowskaja, A., and Schischliaiewa, S., Z. Immunitits., 67, 91 (1930); Roskin, G., Ibid. 69, 240, 473 (1930); 63, 452 (1929); Chem. Abs., 25, 3080 (1931). 
4 Giemsma, G., and Ellenbogen, V., Z. Immunitats., 67, 78 (1930); Chem. Abs., 25, 3080 (1931); positive results have been reported by Marzinovskii, E. J., Z. Immunitits., 74, 379 (1932) and by Orlov, S., and Levinson, L., Ibid., 78, 264 (1933); Chem. Abs., 27, 5422 (1933). 



Chapter 38 

Rickets and Irradiation 

Rickets is a common disease of infants and young children. J} Consists op 
in a faulty deposition of calcium in the extremities of the long bones. The Jin 
picture is thoroughly discussed in a book by Hess? which also includes “— 
discussion of the flood of papers which appeared subsequent to 1919 regards a 
importance of vitamin D in this condition and the relation of sunlight a 
production of this vitamin in the skin. The disease is accompanied by disturbia 
in calcium or phosphorous metabolism. It is usually characterized by low va 
of either or both calcium and phosphorus in the blood serum. a 

In 1909, the pathological studies of Schmorl? brought to light an interes. seasonal variation in the incidence of the disease. There is a high incidence rickets in winter and the healing of the disease, slight in winter, reaches its my: 
mum in summer. Not for some time, however, were attempts made to correlate ‘hy 
data with the seasonal variations of the intensity of sunlight, although it is true ¢ 
an Englishman, Palm, had suggested as early as 18903 that the chemical actiy 
of the sun’s rays may play an important part in the therapy of this disease, _ 
experiment by Raczynski* attracted little attention. He kept one puppy in g 
light and another of the same litter in darkness for six weeks. At the end of 1 
period, the body of the first was found to contain much more calcium and ph 
phorus than did that of the second. Bernhard in 1917 also drew some conclusic 
as to the influence of sunlight on the incidence of rickets in the children of cer 
Alpine villages. 7 L 

Apparently the first definite statement that the irradiation of a rachitic ch 
with ultraviolet rays would bring about a cure was published by Huldschinsky 
1919.° His paper contained a number of Réntgenograms which indicated beyo 
any doubt that the epiphyses of the long bones of rachitic infants undergo rar 
calcification following the exposure of their bodies to a mercury-vapor lamp. 

Clinical observations by Hess and Unger a year previously had indicated th 
such irradiations might have a slight effect in decreasing the size of the enla ge 

certa 

costo-chondral junctions, the so-called rachitic rosary, a diagnostic sign of ricket 
They attached little significance to this, however, for in 1920 they stated th 
children in glass cubicles receiving a liberal supply of light nevertheless becatr 
rachitic and were not benefited by ultraviolet light treatments.6 A year later, how 
ever, they published a preliminary note on the cure of rickets by sunlight? i 
which they employed the expression “encouraged by our results in curing ricket 
by means of the ultraviolet ray.” At this time they also attributed the season 

1 Hess, A. F., “Rickets, Osteomalacia and Tetany,’ Philadelphia, Lea and Febinger, 1929. 
2Schmorl, G., Ergeb. der Inn. Med. u. Kinderheilk, 4, 403 (1909); cited in Hess, A. F., “Ricket 

Osteomalacia and Tetany,” Philadelphia, Lea and Febinger, 1929 a 
3'Palm, T. A., Practitioner, 45, 270, 321 (1890). 

4Raczynski, J., Compt. rend. assoc. intern. pediat., 308 (1912); cited in Hess, A. F., “Ricket 
Osteomalacia and Tetany,’”’ Philadelphia, Lea and Febinger, 1929. 

5 Huldschinsky, K., Deut. Med. Wochschr., 45, 712 (1919). 

6 Hess, A. F., and Unger, L. J., J. Am. Med. Assoc., 74, 217 (1920). 

7 Hess, A. F., and Unger, L. J., J. dm. Med. Assoc., 77, 39 (1921) 
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n the incidence of the disease to the seasonal variations in the intensity 

a 4001S i 

_nlight-” | it could 
ser study of this disease was promoted by the discovery that it cou 

duced in experimental animals by the use of deficient diets, gine Ree | 
produce ‘ 9 Tt shown that animals receiving a dle { orus.2 It was soon ‘oh in phosphorus 

min phosP ich i Icium or one low in calcium and high in phosp v us and high in calciu the ‘effects ‘oPntie 
phosP ay f rickets. They could be protected from the p toms of rickets. . : ee 
velo 4 Bie osures to sunshine of only fifteen minutes, except In bere yee | 

Boy 2" re required. The demonstration that light filtered throug | ures We ° 
- 

nse ae ordinary glass was ineffective showed that only a ee ve 
Be he solar spectrum was important. Only short periods ot expos 
of ¥ sources were required for protection against the defective diets. Wit 

eae ee 
te artz mercury lamp a daily irradiation of three oe ‘i a cia eae 
e que ffects on the growth and skeletal calc 
, dequate. These effects u : b 

‘4 Be cienilar to, if not identical with, those brought about by porated? 

i F ition of cod-liver oil to the diet. Cod-liver oil was the remedy 

Bent use in the treatment of rickets.° a fii ge 

Birese results were quickly confirmed on many eek he ie ie eee ae 
a 12 During e trea 

tments also were observed.** | : yas 
f carbon-arc trea ; d. and the signs of the disease subsided. Pre 
a s of the blood increased, an e Sig ‘ei ‘ede 

8 S eation of phosphates hastened the cure, although addition ae = 

Bei cen phosphate in the absence of irradiation was unsuccessful in clinic : 

' The next important advance was the demonstration that the light acts by a 
e : d 

hemical mechanism. Hess and Weinstock 18 seb ee a se pceete etl 
“nen e ° 

S : i irradiation by a mercury arc when ted to rats, : 
puman skin ee eral ‘rradiated skin were ineffec- n : - unts of nonirradiate 
-om a deficient diet, although similar amount d been formed photo- 

| tirachitic substance had been ; 
It was thus obvious that an ant 4 by Falkenheim,!4 who 

De: kin. This was later confirmed by fa , 
chemically in the irradiated s : he skin of a rat produces 
9 | i iati f but one portion of the skin also showed that the irradiation o . h to a less extent than 
— ... Fea. tions of the skin, although to a ; antirachitic properties in other port ‘on implied that some of the active ‘ZZ ; bservation implied that so 
Bemeecirectly irradiated area. This 0 blood and distributed to other 
a in the skin may be absorbed by the blood a se ‘ed th agent produced in | 1926. however, Bloch and Faber 1° denied the 
portions of the skin. As late as , how ’ , es 
Be sence of the hypothetical antirachitic material, although ied pare mee 

Bimaviolet light had a curative action on the disease. Hume, aes nadia 

‘showed that normal calcification could be produced in fa UHE sae a eo ease 
oar for only ten min 

m area of skin as small as 2.5 by 3.5 eae ed 
P... a proof of the extraordinary effectiveness of the unknown material form 
ee) . 

in the skin. | fu a din dat 
It has been stated that cod-liver oil had been known for nae ae ela 

a substance exerting a similar curative effect upon rickets and the qu 

a ®Hess, A. F., and Unger, L. J., Am. J. Diseases of Children, 22, 186 (1921). 

fee tless, A. 
o Med., 36, 437 

_ _ Powers, G. F 

: 1922); J. Expil. 
heimer, A. M., J. Biol. Chem., 50, 77 ¢ 

rane tga: MG ape ioe M. B., J. Am. Med. Assoc., 78, i eo feerat ree 

‘ark E, A., Shipley, P. G., McCollum, E. V., and Simmonds, N., ‘ 

ptl. Biol. Med., 19, 120 (1921). Ae Gh yep, 
ed sy aA Sonne, C., Acta Med. ewer Suppl., VII, 97 (1924); Eckstein, 

" Kinderheilk., 74, 1 (1924); Chem. Abs., 18, 3207 (1924). wae Ye oa , 

Hess, A. F., and Unger, L. J., J: Am. Med. Assoc., 78, 1 , Tea 

2B Pics, A. F., and Weinstock, M., J. Am. Nok oe 80, 68 hug 
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. ; ‘ re with . oe - : : ; 7 rved that rats irradiated five minutes daily by a mercury a 1 

ph te anallen Mies eae me a EF Wood's glass filter developed rickets, but that those receiving 
q 

al formed aI opal the irradiation of skin. For several years it had been recognized, ; «nterpos vs 28 d th . ; » ID laree jntetP on i onditions did not. Luce?° found that a because of the work of Mellanby, that cod-liver oil contains fat-soluble Mal ainuites ee ceciation on Ramps ries light at 3050A and cutting off com- essential to the normal development of animals. But for a time jt _ 3 fransmuttins _ Aves effectiveness of irradiation, but that a screen trans- recognized that there are at least two fat-soluble vitamins in cod-livey on ely at 2960A Be nan v sre ere atinlianstst a 2 Raieled conte 
investigations by which it was established that one of these, vitamin A ra ag 89 pet pent’a t at 3000A and cutting off between 2650 and 2450A, each cerned primarily with growth and the prevention of xerophthalmia, anil emitting ve = ns ; ae ae oe 
another, vitamin D, is concerned with the prevention of rickets, lie for 4 jcitted the effective rays. eter reater potency. They noted art beyond the scope of our subject matter the “er than those available- in sunlight had evens h 
Pp ai Pp J rter the winter months when the shorter wave-lengths do not reach the earth, 

As early as 1922, Hume” showed that rats on a vitamin A-deficient diet coy e longer ones reach it with lowered intensity, that the effective wave- 
be protected from the effects of the lack of this vitamin by irradiation if the expat mye” ’ able are reduced to a band only about 50A wide, between 3130 and was continued for a sufficient period. It followed that this vitamin is not — sths ava? 30 found the wave-length 2968A four times as effective as in the animal as a result of photochemical processes. This was also th 0A. Maughan | : : € conelys: Goldblatt and Soames* from independent experiments. Sheets and Funk oe found that on a diet deficient in fat-soluble vitamins (then called incorrectly yit. 2 j “ longer than 3200A, ultra- a three- to five-minute daily irradiation by ultraviolet light prevented the a aa | y uldschinsky ae propeee Lan aan eb ee es biologically active), of rickets and, although the rate of growth of the animals was normal, xerophth a. shorter aan 2890A, ultraviolet C. This suggestion failed to find general developed. Powers, Park and Simmonds” clearly recognized the existence of separate factors or vitamins in cod-liver oil, the antixerophthalmic A and the or. ker and Harris ® advocated an attitude of caution in regard to the acceptance of 

Sew that only a narrow band near 3000A is of importance. 

f) L OA. 
i 

rachitic D. | 

It was next shown by Goldblatt and Soames * that so long as the necessary yit. 
are supplied in the diet light is not essential. Other experiments Prior to the recge 
of vitamins A and D as separate entities were by Eckstein.” | G AMOUNTS OF ENERGY REQUIRED 

or cod-liver oil would restore the growth of rats maintained on a diet deficie 
the fat-soluble vitamins but would not postpone the onset of xerophthalmia, — viewed these results as supporting the view that cod-liver oil contains two 
mins. It was also shown that non-irradiated rats receiving a diet deficient j 
antirachitic factor showed normal growth when placed in the same cage 
irradiated rats on the same diet. The same effect was obtained when the rats 
placed in a jar on a galvanized iron wire screen contaminated slightly by othe 
having been kept on them and then irradiated. It was necessary that the rats 
access to the irradiated screen in order that they might ingest traces of exere 
skin secretions which had been irradiated. Irradiated air had no beneficial e fe 

Steenbock and Nelson 23 found that such antirachitic agents as ultraviolet Recent studies indicate that the most effective wave-length for curing rickets in 

| ... 9304A.33 To produce healing equivalent to that due to one international 

Rot vitamin D, the following energies (in thousands of ergs) were required 

tious wave-leneths: 2653A, 287; 2804A, 226 ; 2894A, 395; 2967A,. 280; 
DAA 553; 3128A, 27,545. Prolonged irradiation, particularly by the sores 

ve-lengths 2653, 2804 and 2894A has a destructive action. Stein and Lewis ‘ 

ad that at Denver, direct sunlight in June and July was effective for rats in 

ures as short as 3.75 minutes daily. Curative effects are produced in either 

ekens or human infants by irradiation by even, in some cases, tungsten filament 

aps in thin Corex D glass bulbs, according to’: Maughan and Dye,®° and Gersten- 

ser and Horesh.36 In the case of the children, continuous exposures were given 

twelve hours to two lamps six feet apart housed in oxidized aluminum reflec- 

5 five and a half feet above the bed level. Hauch and Hanke 37 found that 
ary sunlight at the street level in Chicago failed to protect rats on a rachitic 

and exposed behind commercial ultraviolet glasses. Under the same con- 
however, they were protected fully by March to April sunlight. Control 

ts behind ordinary glass were not protected. 

k 

EFFECTIVE WAVE-LENGTH REGIONS 

Once the effects of ultraviolet light in preventing the development of fi 
had been established, the physical aspects of the process were studied to 
more precisely which wave-lengths are effective. Pappenheimer and Weinsto 
by interposing standard glass filters, found that wave-lengths as long as 33402 
no protective action, the effective rays being in the neighborhood of 3130A. : 
and Weinstock 6 thought the wave-length must not be longer than 3130A 
found the effectiveness of the 3020A line very great. Mouriquand, Bernheit 

appenheimer, A. M., and Weinstock, M., Proc. Exptl. Biol. Med., 20, 14 (1922). 

ess, A. F., and Weinstock, M., J. dm. Med. Assoc., 80, 687 (1922). 

1 Mouriquand, G., Bernheim; M., and Theobalt, Mlle., Compt. rend., 182, 1490 (1926). 

*Luce, E. M., J. Biol. Chem., 71, 187 (1926). 
a éss, A. F., and Weinstock, M., J. Am. Med. Assoc., 89, 1222 (1927). 

Maughan, G. H., Am. J. Physiol., 87, 381 (1928). 
dschinsky, K., Klin. Wochschr., 5, 1972 (1926). 

ker, J., and Harris, R., Am. J. Public Health, 20, 1278 (1930). 
dson, A., and Benford, F., J. Biol. Chem., 124, 287 (1938). 
n, H. B., and Lewis, R. C., Am. J. Diseases of Children, 41, 62 (1931). 

ts G. H., and Dye, J. A., J. Opt. Soc. Am., 20, 279 (1930); Proc. Soc. Exptl. Biol. Med., 
930). 

serstenberger, H. J., and Horesh, A. J., J. Am. Med. Assoc., 96, 766 (1931). 
flauch, J. T., and Hanke, M. E., Ind. Eng. Chem., 23, 1398 (1931). 

7 Hume, E. M., Lancet, II, 1318 (1922). > 
18 Goldblatt, H., and Soames, K. M., Lancet, II, 1321 (1922). q 
19 Sheets, O., and Funk, C., Proc. Soc. Exptl. Biol. Med., 20, 80 (1922); Chem. Abs., 17, 3528 ( 
20 Powers, G. F., Park, E. A., and Simmonds, N., Proc. Soc. Exptl. Biol. Med., 20, 81 (1% 
*1 Goldblatt, H., and Soames, K. M., Biochem. J., 17, 294, 622 (1923). 
#2 Eckstein, A., Arch. Kinderheilk., 73, 1 (1923); Allenbach and Simon, R., Rev. Hyg. Sot. burg, 81, 670 (1923); Bull. Soc. Hyg. Aliment., 11, 124 (1923); Chem. Abs., 17, 2306 (1923). 
28 Steenbock, H., and Nelson, M. T., J. Biol. Chem., 56, 355 (1923); see also Ibid., 62, 578 

and Steenbock, H., Nelson, M. T., and Black, A., Ibid., 62, 275 (1924). 4 
*4 For further discussion of the separate assay of vitamins A and D on rats see Dutcher, - 

and Kruger, J. H., J. Biol. Chem., 69, 277 (1926) and Sherman, H. C., and Hessler, M. C., J 
Chem., 73, 113 (1927). j 

* 
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In New Orleans, Mayerson and Laurens ** found the following t b 
minimal daily times of irradiation necessary: February and March, 3 to Pe he 
for chicks and 5 to 6 minutes for rats. For either, the times were from LY 
through October, 3 to 5 minutes, and from November through January, 5 q 

minutes. The average daily amount of direct solar radiation of wave-length i tc 
than 3130A that will prevent rickets in rats is less than 0.001 calorie per ’s "THe 
from April to October, and between 0.001 and 0.002 calorie during the rest 4 ' 
year. Of course, it is necessary to consider the number of sq. cm. exposed a ‘ 
intensities since there is a minimal dose of vitamin D which must be Produ 
in the total irradiated area for the protective action to become effective 4 
the prevention of leg weakness in chicks the amount of energy required Was ¢ 7 
to be about 0.00069 calorie per sq. cm. daily. 4 

Children need have only a small portion of their bodies irradiated for 
ful results. Thus Catel 29 found it necessary to irradiate only the face or 
of 90 sq. cm. 

. at 2530A where the intensity was slightly greater, 1.60.708 x 10-4 gm. cal. 

rons other hand, at 2480 and at 2390A where the energies were respectively 

My # 0.55X0.708x 10-4 gm. cal. per sq. cm. per minute, there was but slight 

a a No protection was afforded by the wave-lengths 2270 to 2200A, with 

BI 9.708% 10-4 gm. cal. per sq. cm. per minute. | | 
4 he opinions of workers who have studied the influence of the pigment of 

skin on the curative effects of sunlight differ somewhat. Schultzer and 

: e and Hess, and Unger and Pappenheimer believe that pigmentation in 

~. comewhat lessens the effects of irradiation. In children, however, Kramer, 

ats a and Howland, as well as Levinsohn,*® conclude that the skin pigment 
4 ‘@ Negro child does not interfere with the action of ultraviolet rays. 

 TGerstenberger and Hartman 47 found that quartz lamp exposures weekly with 

es of one erythema unit for negro infants, and less for white infants, applied 

q Sth front and back, caused healing in practically the same time as did 

Pa vier doses. Gerstenberger and Russell 48 obtained similar results with the 

e eral Electric Sunlamp S-1. Using a quartz lamp at 80 cm., Vollmer found 

a Baily dose of from four to five minutes each to the chest and back to be the 

“yinimal effective dose. Cures were effected after the application of about 

400 minutes of treatment. 

sont 

SUcce 
any r 

There have been several other studies of the effectiveness of winter sunshine 
various geographical locations. Tisdall and Brown,’ working at Toronto, found ¢ 
a marked increase in the antirachitic effect of sunshine occurs whenever the syn reach 
an altitude of 35° or more. Geographically, rickets is uncommon or exists in bul 
mild form in those places where the minimal seasonal altitude of the sun is not bell 
this angle, and severe rickets is chiefly encountered in those cities where the altitude 
below that value for some months of the year. At Toronto, the antirachitic effect of 
skyshine was about one-half to two-thirds as great as that of sunshine, by which 
meant both the direct rays from the sun and the rays reflected from the sky and cloy 
Even December skylight had a definite antirachritic effect. Fleming“ found that 
Washington, D. C., the winter sunlight is antirachitic for rats after passing thro, 
Vitaglass. Under the same conditions, north skylight was also protective durine 4 
months of. April, May, June and July. At Boston, Wyman“ found it possible to ¢ 
rickets in the winter months by exposures to sunlight through quartz windows or Co 
ing glass windows, although the results were less favorable with Vitaglass. (¢ 
Chapter 10.) Favorable results were obtained also by means of Cel-O-Glass window 
Jendrassik and Papp “ found that at Budapest the sunlight was ineffective during Dece 
ber and January. Its activity then rose to a sharp and high peak at mid-June aq 
declined again practically at the same rate. 

EFFECTS ON MINERAL METABOLISM. 

Ultraviolet irradiation cannot overcome mineral deficiencies of the diet. _Its 

function is to supply the vitamin D necessary to control the proper utiliza- 

dion of the calcium and phosphorus in the diet. — Theiler sa emphasized the fact 

that when the phosphorus of the diet of cattle is deficient rickets will develop 

7 
a 

{ 

in the presence of abundant solar radiations. Many papers have been devoted to 

the effects of irradiation upon the blood phosphorus and calcium levels during 

the cure of rickets. In contrast to the negative results discussed in the pre- 

‘ceding chapter in regard to the influence of irradiation upon these values in 

the normal individual, there is general agreement that if the mineral contents 

of the diet are suitable, the low values which characterize rickets are readily 

restored to normal by irradiation or by the administration of vitamin D. 

_ Kramer, Casparis and Howland °° found values for the inorganic phosphorus 

jn the serum of the blood of rachitic infants to vary from. w./) tO. d.2 mgm. per 

cent. Under quartz lamp treatment, this increased gradually to a maximum of 

6 mgm. per cent, the normal value. Hess and Lundagen 51 observed a seasonal 

yariation in the level of the inorganic phosphates of the blood corresponding to 

and determined by the seasonal variations in the ultraviolet energy of the 

available solar spectrum. | 

By 1923, it was 52 reported that the mean serum calcium content of normal 

infants from two months to ten years of age varies between 10 and 12 mgm. 

per 100 cc. In twenty rachitic infants, it ranged from 7.9 to 10.4 mgm. with an 

average of about 9.2. Two children of three and eight years with irreducible 

4 Kramer, B., Casparis, H., and Howland, J., Am. J. Diseases of Children, 24, 20 (1927); 

Levinsohn, S. A., Ibid., 34, 955 (1927). 

4 Gerstenberger H. J., and Hartman, J. I., J. Am. Med. Assoc., 92, 367 (1929). 

4 : 48 Gerstenberger, H. J., and Russell, G. R., J. Am. Med. Assoc., 94, 1049 (1930); Vollmer, H., 

Klin., Wochschr, 9, 2300 (1930). 

“Theiler, A., Veterinary J., 90, 159 (1934); Chem. Abs., 28, 5503 (1934). 

50 Kramer, B., Casparis, H., and Howland, J., Am. J. Diseases of Children, 24, 20 (1922). 

$l Hess, A. F., and Lundagen, M. A., J. Am. Med. Assoc., 19, 2210 (1922). 
Meee tesné. EF. , L., and Guillaumin, Compt. rend., 177, 291 (1923); Chem. Abs., 17, 3540 
F (1923); see ie Kenan, B., and Bootie F. H., Proc. Soc. Biol. Exptl. Med., 20, 87 (1922). 

A painstaking investigation of the energy required is that of Sonne q 
Rekling,#®? who employed a monochromator and determined by means of 
thermopile the energy in gm. calories per sq. cm. incident at each of several way 
lengths on an area of the experimental animals of 8.1 sq. cms. In this way 
was possible to eliminate the relative intensities of the various lines emitted } 
the source. The effect of the 3130A line was doubtful, although the incide 
energy amounted to 4.3X0.708X10-4 gm. cal. per sq. cm. per minute. At 3020 
2970A with a somewhat lower intensity (3X0.708X10-4 gm. cal. per sq. cm. p 
minute) there was a strong antirachitic action. This was also the case 
2650A, although the intensity was lower, 1.5X0.708X10-4 gm. cal. It was als 

88 Mayerson, H. S., and Laurens, H., Am. J. Physiol., 102, 422 (1932). 

39 Catel, W., Monatschr. Kinderheilk., 54, 426 (1932); Chem. Abs., 27, 2184 (1933). 3 

40 Tisdall, F. F., and Brown, A., Can. Med. Assoc. J., 20, 253 (1929); Chem. Abs., 23, 3007 (1922) 
Am. J. Diseases of Children, 34, 721, 737, 742 (1927); 36, 734 (1928); J. Am. Med. Assoc., % 
860 (1929); 94, 854 (1930). 

41 Fleming, W. D., Military Surgeon, 62, 592 (1928); 63, 658 (1928). | 

42 Wyman, E. T., Boston Med. & Surg. J., 197, 376 (1927). | 

48 Wyman, E. T., Drinker, P., and Mackenzie, K. H., Am. J. Diseases of Children, 39, 969 (199¥ 
44 Jendrassik, A., and Papp, S., Biochem. Z., 268, 364 (1934). In these experiments ergoster 

rather than patients or experimental animals was irradiated. q 

45 Sonne, C., and Rekling, E., Strahlentherapie, 25, 552 (1927); cited by Laurens, H., “The Physio 
cee ee et of Radiant Energy,” New York, The Chemical Catalog Co., Inc. (Reinhold Publishim 

orp.), 1935. 
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rachitic deformations had normal or slightly greater amounts of calcium, 11 7 
BN i osphate 19.2 

11.4 mg. respectively. The calcium content of the serum is not modified hy 4 or cent an e phosphate 19.2 per cent over that of the fe man 

‘niection of calcium chloride, but is altered by ultraviolet rays. After yt rhe P osphatase content, however, was not affected Bhd ip i, wae radiated rats. 

inal mle Kae , : 
1200 Cig! Me = spsequent studies of the calcium and phosphoru : Seg torkteal : 

daily irradiations of thirty minutes each at 1.2 meters from a C.D. capil “gjcated that the disease may appear with ae aoe pee. s
erum in rickets have 

ve with both low in the serum. But if one is low and the ee high ie eiee boa 

as decidedly increased in Seven o. 
: ¢ Wis Kramer, Shear and Siegel® found the product of the calci d calcium and phos- 

arc given ten infants the serum calcium W 
: 

after 24 irradiations it was well up to the normal value in eight of the childea “ackets: Be fons, to. be al 

. 
S co e always thirty or less during ri : 

J " g rickets or du : 

cification. When the product rises above forty, calcification hpi eagle 

The two infants which failed to show an increase in the calcium had dark gg. sh a 

Filka 53 al howed that infants with active righ, of C4 Pics fa 3 es abc 

Orr, Holt, Wilkins and Boone also sho ean ; Ticke * peter the healing is induced by cod-liver oil, phosphates, or artificiall FIN 

are unable to retain calcium and phosphorus even though these elements q M There are, however, many recorded exceptions to ‘ihe’ rile ae ally prepared vitami
n 

present in adequate amounts in the diet and that ultraviolet rays CAUSE the ad phosphor. important.“ Many other papers deal ott chic sic. trae of calc
ium 

elements to be retained. They observed that after irradiation increased amoyp: Erne ae siege 
ae 1 : pic, but are beyond 

of these elements are found in the urine, indicative of an increased absorptig _juinal tract was i bart™at’ 1 at an alteration of the pH of the Tones (Aone 

: : , : ; Th d that defe : testi” ’ irt at least, responsible for the failure of the ¢ aa 

of these essential minerals from. the intestine.  1ney argue at defectiy “¢ calcium from the gut in rickets. Jephcott and Bacharach ® e proper absorption 

‘ntestinal absorption in rickets is the cause of the low serum calcium a of the of oe ce rachitic diets could be brought to Agere a alkalinity 

phosphorus, and is the ultimate cause of the defective calcification of ¢ py irradiations or by administering cod-liver oil. It was assumed that eee 

i 

S 

bones. That calcification at the junction of the bones and cartilage could } 
fhe change in pH induced by various preparati Be: ed th 

ica 
uld | ee basis en essay method for ieee anrmeear eonaining vitamin D might be made 

promoted by irradiation also was demonstrated radiographically by Vignar 
- okes and Willimott ® found that the 

Mouriquand, Chassard and Bernheim.*4 

method could not be applied to infants although they believed it gave satisfactory PA S 

Clark 5® reported that the diffusible calcium of the serum, measured } 

1t solution, may be increagg 

Bp rats. Subsequent investigations, however, have shown the method unreliable 

The irradiation of nursin mother : 

dialysis in collodion sacks against physiological sa 

: s whose breast milk had been failing was 

by subjecting it to quartz mercury arc irradiations. ‘The diffusible calcium in rg 
of ae ie a of 53 cases in which the treatment was continued for 

some ) ¢ of aid, m 3 i - ‘ 

bit serum rose from 38 to 58% and in dog serum from 44 to 53%. 
improving or retaining the milk supply in all 

put eleven of the cases.67, Hess, Wein , 

Hart, Steenbock and Elvehjem 56 induced experimentally negative caleiy : see Nae inet esere aha San Pe , woman to the rays of a mercury-va 

rd e 
e ; 

i i i 
: 

; ; 

balances in mature lactating goats. - Daily mercury arc irradiation changed the month produced antirachitic properties in, her milk wh gp egg 

to positive and also appreciably increased the blood phosphorus. This was eg 
seri Ty Paes taste the control period the milk had no c i ior 

! . ur imi 

frmed by Orr, Henderson and Magee,’ who believed the results might Hirsch-Kauffmann and Wiener ® found ae ge al 
ee ae 

accounted for by a decreased elimination of calcium in the feces, the urina 
seer ks eee penal mothers to be increased, although it 

se ; 
. P 

s chem An 

excretion remaining practically constant. These results favored the view th 
= ical composition “was unaltered except 

for a definite increase in vitamins C and D 

irradiation induces an increased absorption of calcium from the intestines. 

: 
In children with various orthopedic disorders, epoeuure i all the sunshine 

. 
available from May to August 

Ca retention coefficient as the number of mg. retained per | aE gust was not found to produce any symptom 

> growth. The coefficient was 4.7 to 52 acteristic of an overdose of vitamin D.7° 
y symptoms char- 

After irradiation, it was raise Schultzer ® defines the 

increase in body weight of rats during | i 

young rats on a rachitic diet and with evident rickets. 

to 10. For phosphor 

rickets. Similar resu 

or, if the diet was deficient in phosphorus, by giving phosphates. 

rats showed an average of 11.9 mgm. of calcium and 5.6 mgm. 0 

of serum.” | 

| 

In four ultraviolet-treated rats the serum calcium rose to 15.2 and the phosphott 

to 8.6 mgm. per 100 cc. Normal rats on an ordinary diet failed to show this 1s 

during irradiation. Burton “ found in boys who had received some ultraviolet irradiatt 

while on a diet high in calcium and phosphorus a high retention of these elements. 

After daily exposures of gravid rats to sunlight, the lime of the fetuses increased 2h 

APPLICATIONS IN ANIMAL HUSBANDRY 

if D ‘ . ot ale 

ih aga development of irradiation therapy, attention was also devoted 

ae aries light on farm animals. Hart, Steenbock and Jones ™ 

eck in + ight is a factor of economic importance in the producti 

| northern latitudes, and Maynard, Goldberg and Miller in New York 

61 FB , P. - 5 

esate, cteomn 845 (1936); Chem. Abs., 31, 2622 (1937) 
Bee also O ETE 8 ickets, Osteomalacia and Tetany,”’ i : : ‘ 

362 (1923) 4 “regs FF Sue 
E., Jr., Wilkins, L., and BOOAe; ae a J wr and Febinger, 1929. 

Hess A. F. Lewis, J. Mw einstock, M., Rivkin, H., and Gross T.0 Biol iseases of Children, 26, 

Eitamer, B., She: oe Rivkin, H., J. Am. Med. Assoc., 94, 1885 Heat etn (1930) ; 

, B., Shear, M. J., and Siegel, J., J. Biol. Chem., 91, 271, 723 (1931) 

_ See also Shohl : EC ohl, A. T., and Bennett, H. B., J. ‘Biol. : 
and Steck, I. E., ‘““Vitamin D” Chicago, Onin et es ees Se a ae, ee 

65 ee oes Bacharach, A. L., Biochem. J., 20, 1351 (1926) 

Bthchoim C - ee S. G., Pharm. J., 118, 752, 793 (1927). 3 

® Hess, enmeers M., Lancet, II, 227 (1927); Chem. Abs., 22, 2384 (1928) 

BGisch-Kauffmann, H., an and Sherman, E., Proc. Soc. Exptl. Biol. Med., 23, 636 (192 

(1929), ann, H.,‘ and Wiener, C., Klin. Wochschr., 8, 984 (1929); Chem. Abs ie 4970 

a Dodds, Ez. 

53 Orr, W. J., Holt, L. E., Jr., Wilkins, L.,: and Boone, F. H., Am. J. Diseases of Children, é 

362 (1923). 

54 Vignard, Mouriquand, Chassard, and Bernheim, Lyon M edicale, 132, 1021 (1923); Chem. Abs. L 

2382 (1924); Lesné, E., de Gennes, L., and Guillaumin, C., Compt. rend., 177, 291 (1923); Chem. @ 

17, 3540 (1923); Howland, J., and Kramer, B., Am. J. Diseases Children, 22, 105 (1921); Chem. # 

17, 413 (1923). 

55 Clark, J.. Am. J. Hyg., 3, 481 (1923); Chem. Abs., 18, 2366 (1924). 

66 Hart, E. B., H. Steenbock and C. A. Elvehjem, J. Biol. Chem., 62, 117 (1924). 

we Orr, J.. Be» Henderson, J. M., and Magee, H. E., Biochem. J., 19, 569 (1925). 
; 

58 Schultzer, P., Compt. rend. soc. biol., 93, 1005 (1925); Chem. Abs., 20, 1655 (1926); Biochem. + 

188,, 409, 427 (1927) ;. Mitchell, H. F., and Johnson, F., Am. J. Physiol, 72, 143 (1925); Koch, BE. } 

M. H., Am. J. Diseases of Children, 34, 187 (1927). 

59 Schultzer, P., Compt. rend. soc. biol., 93; 1008 (1925); Chem. Abs., 20, 1655 (1926). 

60 Burton, H. B., J. Biol. Chem., 85; 405 (1930). 

C., Robertson, J. 
: 

em. Abs., 28, 4459 (1934). J. D., and Roche, H. J., Arch. Diseases of Childhood, 9, 91 (1934); 

"Hart, E . , E. B., Steenbock, H. d } | 7 4 
2 San , and Jones, _ i, J. Biol. Chem., 61, 775 (1924). 

Maynard, L A., Goldberg, S. A., and Miller, R. C., J. Biol. Chem., 65, 643 (1925) 
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| 3 | i . | i i thods . . ve 44 os ae : ; _adiation and Poultry Culture. Because of the modern intensive me found that sunlight improves the assimilation of calcium from a deficient g:. ., culture, vitamin D deficiencies are quite common. ‘Their remedy 
po prevents the development of leg weakness in pigs. In a general discus. f r of considerable economic importance. Murray, Little and Bovie ** Price 8 stated that besides an adequate amount of calcium and Phosphorys + , matt 2 exposed for only a few minutes each day to the rays of the mercury diet of pigs it is essential for their health and growth that there algg | 110 -* a more rapid formation of bone than did chicks exposed for many be present either the antirachitic vitamin or exposure to sunlight. 4 C ., to direct sunlight. son ‘* found that the calcium and phosphorus retention of pigs receiving 4 nd urs gery Titus and Moore ® found that chicks fed on eggs from hens which balanced diet, with P,0;:Ca:Mg as 3:1:1, was definitely increased jy Bushes, Te seated eidoed noamiae She ane ane 

irradiation of one hour per day for 24 days. No corresponding increase ere Bice and by the analysis of their blood and bones. Those fed on eggs body weight occurred, however. ; i ight filtered th h glass and supplemented by It was believed by Bohstedt, Insko and Fargo that for the health o¢ + hens which received sunlight filtere rough g Pp 
suckling pig dependence must be placed upon the antirachitic Properties o¢ 
feed of the sow rather than upon the use of ultraviolet light, helpful asl 
may be. According to Isaachsen,’¢ irradiation of sows in the last six Weeke 
gestation and of sows with litters did not improve the growth or condition 
the pigs. He believed that pigs are more likely to suffer from disordered min 
metabolism as a result of a deficiency of minerals in the food or from 
incorrect calcium-to-phosphorus ratio than from a lack of fat-soluble Vitam: 
Sinclair 7 found exposure to either sunlight or artificial SOUTCeS, as Wel] 
cod-liver oil feeding, to promote growth in the pig, the response being invers 
proportional to the calcium content of the basal ration. The addition of calc; 
to the ration aided greatly in the preverition of leg stiffness, a condi 
resembling rickets. Irradiation increased the level of the blood calcium, 

Calves also require vitamin D. Calves fed on rations deficient in it st 
declining growth rates at the twelfth to the fifteenth week: and after the twer 
fifth week little growth occurs.78 A decline in the level of inorganic phosphe 
in the blood serum precedes the onset of stiffness. The percentage of total]. 
in the dry, fat-free bones is reduced from the normal of 60 to 63 per ¢ 
to 45 to over 50 per cent in the rachitic bones. The breaking strength of 
bones also is lowered. Ultraviolet irradiation, sunlight or the feeding of lib 
amounts of sun-cured hay protects the calves from the vitamin D deficiency, 

Bechdel, Landsburg and Hill79 also noted the abnormal bone developme 
swollen joints, and slight paralysis of the rear quarters and bowed back 
vitamin D-deficient calves. Although cod-liver oil promoted growth and thr; 
ness slightly better than did ultraviolet light treatment, the latter produce 
a slightly superior grade of bone. Direct sunlight is not required if the ratio 
contains sufficient vitamin D,89 a ia 

The vitamin D requirement of dogs has been studied by Morgan.®! Sympto 
of rickets have been developed in a newly weaned cat fed 24 days on the Ste 
bock diet deficient in calcium and vitamin D.82 

“ay minutes per day from a mercury arc developed some rickets. They were; 
" f in a better condition than those receiving eggs from hens which 
Ered no ultraviolet light other than that which came through a glass 
Sow. They believed thirty minutes of ultraviolet irradiation daily insufficient 
enable hens to store sufficient antirachitic vitamin in their eggs to prevent 

vtiyely the development of rickets in chickens fed rations containing these 
Z. Eggs of low antirachitic vitamin content do not have as high a hatch- . 
ity as those with high vitamin content.® 
Goodale 8° demonstrated that the amount of exposure to sunlight or ultra- 
‘let light necessary for normal growth is but very small in the chick. Irradia- 
a of one and ten minutes twice weekly at three feet from a mercury-vapor 

.. gave normal growth.87 . Hea ort we 
DeVaney, Munsell and Titus 8° found that daily fifteen-minute irradiations 

ith a carbon arc had approximately the same effect on vitamin D storage by hens 
«the addition of 1 per cent of cod-liver oil to the diet. 
i: 89 found rachitic chicks with intact preen glands to be cured when either the 
FAs , feet or head was irradiated. The degree of healing was greatest with the irra- 
fation of the feet and least with the head. Rachitic chicks with the preen glands 
emoved were not cured when the head was irradiated, but irradiation of the feet 
oduced good healing. The substance which is activated when the feet are irradi- 

s apparently neither the preen gland material nor the circulating blood. Rus- 
nd Howard 9° delayed the onset of leg weakness in young chicks for about a 
by an exposure to one day of winter sunlight through an ultraviolet transmit- 
aterial. There was also an indication of an effect on bone formation. A three- 
xposure delayed the appearance of leg weakness about two and a half to 

hree weeks and had a more enduring effect on bone formation. 
Either cod-liver oil or ultraviolet irradiation of laying hens kept without 
cess to direct sunlight or green feed increased the egg production, the thick- 

: Murray, J. M., Little, C. C., and Bovie, W. T., Maine Agr. Exp. Sta. Bull. 320, 141 (1924); 
Chem. Abs., 19, 3105 (1925). ss wis coicihie Wii gee 

h . S., Titus, R. W., and Moore, J. M., Science, 1 : em. s., 20, 
(1926) Head, ; Sp Rayne; L. F., Titus, R. W., and Moore, J. M., J. Biol. Chem., 66, 595 (1925). 

For the amounts of the vitamin required for the production of hatchable eggs, see Bethke, R. M., 
Kennard, D. C., Proc. Fourth World’s aie gp te aa Pi joaeadl’ Chem. eee fea ingaotneny ee 

hat light increase the hatchability of eggs by some mec! 
se Bost, Te Titus” iH. W., Ellis, N. R., and Nestler, R. B., Poultry Sct., 16, 322 (1937) ; 

whem. Abs., 31, 8625 (1937). = 

Goodale, H. D., Am. J. Physiol., 79, 44 (1926). enecte am ; 
. "Cf. also Price, W. A., Science, 63, 1636 (1926); Russell, W. C., Massengale, O. N., an oward, 
\. H., a Pil, Chem. 80, 155 (1928) : Maughan, G. H., and Dye, J. A., J. Opt. Soc. Am., 20, 279 
1930); Proc. Soc. Exptl. Biol. Med., 28, 106 (1930). 

.. Ve Vaney, G. M., Munsell, H. E., and Titus, H. W., Poultry Sci., 12, 215 (1933); Chem. Abs., 27, 
900 (1933), 

©Hou, H.-C., Chinese J. Physiol., 5, 11 (1931); Chem. Abs., 25, 3037 (1931); see also Murphy, 
EF. J. Agr. Research, 53, 67 (1936); Chem. Abs., 30, 8319 (1936). 
“Russell, W. C., and Howard, C. H., J. Biol. Chem., 91, 493 (1931). 

8 Price, W. A., Ind. Eng. Chem., 18, 679 (1926). 
_™ Henderson, J. M., Biochem. J., 19, 52 (1925); Scottish J. Agr., 9, 33 (1926); Chem. Abs., 

2523 (1926). See also Orr, J. B., Henderson, J. M., and Crichton, J. A., Trans. Highland Agr. « 
Scotland, 38, 88 (1926). 

* Bohstedt, G., Insko, W. M., Jr., and Fargo, J. M., Proc. Am. Soc. Animal Production, 89 (192! Chem. Abs., 25, 3695 (1931); see also Thalman, R. R., and Loeffel, W. J., Proc. Am. Soc. Am 
Production, 83 (1928); Chem. Abs., 25, 3695 (1931). 

%6 Isaachsen, H., J. Agr. Sci., 22, 460 (1932); Chem. Abs., 27, 1916 (1933). 
™@ Sinclair, R. D., Sci. Agr., 13, 489 (1933); Chem. Abs., 27, 5787 (1933); Horn, V., Biedermami 

Zentralbl. B, Tierernihr., 6, 203, 208 (1934); Chem. Abs., 28, 5855 (1934). 
78 Rupel, I. W., Bohstedt, G., and Hart, E. B., Wisconsin Agr. Exp. Sta. Research Bull, 115, 401 

(1933); Chem. Abs., 28, 507 (1934). : ; 
9 Bechdel, S. I., Landsburg, K. G., and Hill, O. J., Pennsylvania Agr. Exp. Sta. Tech. Bull, ? 

2 (1933); Chem. Abs., 28, 3028 (1934). 
8° Olson, T. M., S. Dakota Agr. Exp. Sta., Bull. 319, 2 (1938); Chem. Abs., 32, 7970 (1938). 
Si Morgan, A. F., North American Veterinarian, 15, No. 8, 24 (1934); Chem. Abs., 29, 201 (1939 
82 Moody, C. A., J. Home Econ., 28, 696 (1936); Chem. Abs., 31, 436 (1937). “a 
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ness of the egg shells and the general condition of the birds, according — n be endowed with antirachitic properties on irradiation. Like Smith 
Hendricks, Lee and Godfrey.%t Each of these methods of supplementing 1 it ume, they had started by attempting to activate air by ultraviolet light 
vitamin D also tended to increase the egg weight and the hatchability of « obtained completely negative results. Their first favorable results were 
eggs. Cod-liver oil was superior to fifteen minutes of daily irradiation ,_ e ° 4 when they irradiated eattomsced olin! 
the conditions employed. Dove 2% believed the chick superior to the rat 
vitamin D research because it is more sensitive than the latter to a deficig 
of that vitamin. Payne and Hughes %? found direct sunshine somewhat 
effective than ultraviolet irradiations from artificial sources in increasing 4 
calcium content of the hen blood, of eggs and of newly hatched chicks. May 1 
and Maughan % noted that ultraviolet irradiation of hens increases the Vitam 
D content of the egg yolk.% , 7 

Further studies on the vitamin D requirement of the chick have Dlaye 
an important part in the development of our knowledge of the chemistry , 
vitamin D and will be considered in the following chapter after the chemie 
changes underlying the formation of this substance have been discussed. 

2, a Fiewitt quartz mercury-vapor lamp with a three-fourths inch arc 

pee at 120 volts. When fed, this ration produced a pronounced stimula- 
ops 4 the growth of rats. They also succeeded in imparting growth-promoting 

a pone-calcifying properties to olive oil and lard by this method. The activa- 

and took place when the ration was irradiated in an open dish or ina stoppered 

oP or quartz flask filled with air or carbon dioxide, but it did not occur 

a the ration was irradiated in a brown glass bottle. The ash content 

¢ the bones of the rats receiving the irradiated ration was increased in per- 

4 4 e over that of rats receiving the same ration before irradiation. It was 
Be aiso that the irradiation of fats, otherwise inactive in curing rickets, 

es d “them to become active. Rations which ordinarily produced a wide 

B itic metaphysis in the shaft bones of rats became antirachitic and promptly 

Bed a rapid and complete healing of the lesion. Hess, in his . complete 

* r, showed that although cottonseed and linseed oils could be activated by 

Be ation, this was not possible in the case of mineral oil, and also that ozonized 
i and hydrogen peroxide afforded no protection to rats on a deficient 

- Steenbock and Daniels! successfully produced antirachitic properties 

a 4 wide variety of foods, which included wheat, rolled oats, corn, hominy, 

meats, milk, egg-yolk and the vegetable oils. They suggested that it is the 

0) 

pyr 
W en 

THe [RRADIATION OF FOODSTUFFS _ 

During the years 1924 and 1925 it was discovered that, on analogy with th 
formation of antirachitic substances in the skin of irradiated animals, antirachig 
potency is imparted to foodstuffs when these are submitted to the action q 
ultraviolet rays. Hume and Smith 9* were very near this important discover 
when they reported that rats fed on a diet deficient in fat-soluble vitamins aa 
kept in glass jars which had been exposed to quartz lamps for ten minutes ever 
second day showed a prolongation of growth at a normal rate longer than that , 
controls kept in jars not so irradiated. Their work was conducted to determin 
whether the irradiation of the air played a part in the mechanism of th 
antirachitic resistance of irradiated animals. They showed. definitely the 
ozone was not the effective agent, but overlooked the real cause of ¢f 
beneficial effect they observed. Webster and Hill®? showed that irradiate 
air could not have produced the beneficial results, and Hume and Smith late 
reported *§ that their results could be obtained only when the glass jars whid 
were irradiated contained sawdust. When this was replaced by a piece of pin 
board, partial growth only resulted.9® They had, however, missed thei 
opportunity, for in the meantime Hess and Weinstock, as well as Steenbock 
and Black, had independently shown that certain foodstuffs can be rendere 
antirachitically active by irradiation. q 

On June 7, 1924, Hess reported the results of experiments conducted with 
Weinstock to the American Pediatrics Society 19° which indicated that vegetabl 

af 

sterols in the foods which are altered during the irradiation process. Spinach 

ae rendered antirachitic by Chick and Roscoe sie and cabbage by Mellanby 

Farid Killick1°° That the irradiation of cod-liver oil did not increase its anti- 

‘achitic potency was demonstrated by Daniels and Brooks *°® and by Wyman, 

‘Holmes, Smith, Stockbarger and Pigott.107 — ic 

Hume, Smith and Smedley-Maclean 1% succeeded in inducing pauses 

activity in yeast fat by irradiation and Daniels and Pyle and Brooks 

‘showed that the use of milk irradiated a half hour at a distance of two feet from 

‘a mercury arc rendered it capable of bringing about prompt improvement | in 

young rats. Gates and Grant™° found that in normal rabbits the feeding 

of cod-liver oil or irradiated products did not produce changes in the relative 

F i iol, m., 62, 301 (1924). Goldblatt, H., and Soames, 

et Biochem” Been ae Weeres i ree "hat i age a of a ee animals restored the 

growth of animals which had been inhibited by feeding certain diets. 

12 Steenbock, H., and Black, A., J. Biol. Chem., 61, 408 (1924); see also. Science, 60, 224 (1924); 
J. Biol. Chem., 62, 209 (1924). 

108 Steenbock, H., and Daniels, A. L., J. Am. Med. Assoc., 84, 1093 (1925). 

10%! Chick, H., and Roscoe, M. H., Biochem. J., 20, 137 (1926). 

ay, illick, E. M., Proc. Physiol. Soc., 61, xxiii (1926); Chem. Abs., 20, 3488 
ie Be inocd a i C. Rosenheim, O. and Coward, K. H., J. Soc. Chem. Ind., ‘ eo 

(1925). For a clinical investigation of the curative value of irradiated food, see Mackay, H. M. M., an 

Shaw, H. F., Lancet, I, 82 (1926). , 
106 Daniels, A. L., and Brooks, L. M., Proc. Soc. Exptl. Biol. Med., 24,. 971 tela be tyes 

; ith, L. W., Stockbarger, D. C., and Pigott, . G., Boston 
Med, & SRS eccurcer e ee Diseases Children, 34, 753 (1927). See also Haffner, F., 
and Pulewka, P., Klin. Wochschr., 5, 2113 (1926). 

fan sierra W. A., Lee, A. R., Godfrey, A. B., J. Agr. Research, 43, 517 (1931); Chem. Abs., 26 

® Dove, W. F., Maine Agr. Exp. Sta. Bull., 360, 172 (1931); Chem. Abs., 27, 1918 (1933). 
Pe: pete F., and Hughes, J. S., Kansas Agr. Sta. Tech. Bull., 34, 5 (1933); Chem. Abs., al, 

933). F 
ie N+ ebay G. H., and Maughan, E., Brit. J. Phys. Med., 7, 137 (1932); Chem. Abs., 27, 530 

9 . 
a 

® For calcium and phosphorus determinations in chicken blood, see Elvehjem, C. A.. and Kline 
B. E., J. Biol. Chem., 103, 733 (1933), and Higgins, G. M., Sheard, C., and Wilder, R. M.,- Anab 
Record, 58, 205 (1934). . : a 

6 Hume, E. M., and Smith, H. H., Biochem. J., 17,364 (1923). q 
wae foo T. A., and Hill, L., Proc. Physiol. Soc., J. Physiol, 57, LX XVIII (1923); Chem. Abs., 18 

1924). a 
% Hume, E. M., and Smith, H. H., Biochem. J., 18, 1334 (1924). 
9 It was later shown by Rosenheim, O., and Webster, T. A., Biochem. J., 20, 1340 (1926) that < 

chloroform extract of irradiated sawdust has antirachitic activity. ; 
1 Hess, A. F., and Weinstock, M., Abstracted in Am. J. Diseases of Children, 28, 256 (1924); % 

S17 cS aia Also reported at a meeting of the New York Section, American Chemical Society, Ja™ 
1925. 

} Daniels, A. L., Pyle, S. I., and Brooks, L. M., Proc. Soc. Exptl. Biol. Med., 23, 821 (1926); 
hem. Abs., 21, 1831 (1927). 
10 Gates, F. L., and Grant, J. H. B., Proc. Soc. Exptl. Biol. Med., 24, 59 (1926). 
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weights of endocrine organs such as the external parathyroid and the hypop) 

although these organs are hypertrophied in rabbits after repeated EXpgg 

to the quartz mercury arc. It was shown by Goldblatt and Moritz1u | 

‘rradjation does not increase the quantity of vitamin A in fats but forms , 

the antirachitic D. | 

Among the earlier suggestions regarding the mechanism by which irradiation 4 

function was one which has been repeatedly discussed, but is no longer considered gi. 

cant. Kugelmass and McQuarrie suggested that irradiation so alters the substances 

foods as to make them capable during subsequent slow oxidation of emitting ultrays 

As they themselves subsequently pointed 7 

many substances exhibit the property of affecting a photographic plate, the Russel] effe 

it bears little or no relation to the production of antirachitic activity and it is unnecese: 

to consider here the large number of papers by other workers who sought to explain. 

rays which affect a photographic plate” 

effect of irradiation upon foodstuffs in terms of this phenomenon. 

For some time it was believed that the origin of the vitamin in the liver. 

fish could be attributed to their ingestion of other smaller fish which 4 

in turn ingested diatoms in which the vitamin had been produced photochemicay 

There is, however, considerable evidence against this. Leigh-Clare was une 

to detect the vitamin in the marine diatom Nitzschia closterium, and others 

were unable to demonstrate it in phyto- and zoo-plankton from the ocean: 

Bills 115 found the capelin, the chief food of the Newfoundland cod, a » 

source. The enormous differences in the potencies of the liver oils from vari 

species of fish suggest species differences in the ability to synthesize the vitag 

and not merely in its storage. Attempts to produce more vitamin D in fish liy 

by irradiation of the fish have been unsuccessful. 

Siinflower oil can be activated by irradiation. by sunlight or artificial ultrayj 

light" The same is true of peanut oil The irradiated mycelium of Asperg; 

oryzae, added to the diet of chicks to the extent of 0.05 per cent, makes them supe 

in health, appetite and growth to the controls. Sun-dried alfalfa contains sf 

amounts of vitamin D.™ Clover hay made with exposure to sunlight showed « 

siderable calcifying power, but clover hay made in the dark was inactive. If ex 

sively weathered, it is reduced in activity as compared with hay less exposed to dew 

rain, but it may be improved by subsequent mercury-arc irradiation.” 

The potency of sun-cured hays is, however, too feeble to prevent the developm 

of rickets in growing chicks fed ether extracts of the hays equivalent to a high ¢ 

centration of the hay in the ration’ From 7 to 10 gms. of dry corn silage per 

of feed cures and prevents rickets in yearling calves and supplies sufficient vitamin 

for normal growth and reproduction in dairy cows.” 

Voltz and Kirsch believed that grass germinated in darkness contains some of 

antirachitic vitamin.” 

111 Goldblatt, H., and Moritz, A. A., J. Biol. Chem. 71, 127 (1926). 

112 Kugelmass, I. N., and McQuarrie, I 

and Coward, K. H., J. Soc. Chem. Ind., 44, 255 (1925). 

118 Leigh-Clare, J. L., Biochem. J., 21, 368 (1927); Drummond, J. C., and Gunther, E. Ra 

126, 398 (1930). 

114 Belloc, G., Fabre, R., and Simonnet, H., Compt. rend., 191, 160 (1930). 

115 Bills, C. E., J. Biol. Chem., 72, 751 (1927). 

116 Markar’yan, E. A., Proc. Sci. Inst. Vitamin Research, U.S.S.R., 1, 207 (1936); Chem. Abs. 

1354 (1937). 
117 Rondoni, P., Sperimentale, 80, 443 (1926); Chem. Abs., 21, 761 (1927). 

118 Yokoyama, K., and Takata, R., J. Agr. Chem. Soc. Japan, 12, 909 (1936); Chem. Abs. 

1468 (1937). 
119 Scheunert, A., and Schieblich, M., Biedermann’s Zentr. B. Tierernihrung, 6, 112 (1934); © 

Abs., 28, 5102 (1934). 
120 Steenbock, H., Hart, E. B., Elvehjem, C. A.,.and Kletzien, S., J. Biol. Chem., 66, 425 (1925) 

121 See also Bechdel, S. I., Landsburg, K. G., and Hill, O. J., Pa. Agr. Exp. Sta. Tech. Bull & 

19, (1933); Chem. Abs., 28, 2038 (1934). 

122 Bechtel, H. E., Huffman, C. 
(1936); Chem. Abs., 30, 5617 (1936). 

128 Véltz, W., and Kirsch, W., Biochem. Zy;, 486, 255. (1927) 

F., Duncan, C. W., and Hoppert, Cc. A., J. Dairy Sct, 

) 

., Science, 60, 272 (1924); 62, 87 (1925); Drummond, J 

Chapter 39 

7 e Photochemistry of the Formation of Vitamin D 
2 

EARLY OBSERVATIONS REGARDING THE PRECURSOR 
i ;: ° qe 
Following the discovery of the ability of irradiation to render foodstuffs 
yirachitically active, there began an active search to determine which com- 
nnents of these materials are effectively altered during the irradiation. Such 
omponents as chlorophyll, hemoglobin, glycerol, starch, alkaloids and the phos- 
natides of egg-yolk were soon eliminated It was soon demonstrated that the 
ar f A 

‘4qmin is a component of only the unsaponifiable fraction of irradiated oils 

and that the chief components of the unsaponifiable portions of the oils, the 
terols, have the property of being activated by irradiation.2 This was shown 
, the case of the phytosterol prepared from cottonseed oil and of cholesterol 
solated from brain tissue. Since it was known that the skin of animals 
ontains much cholesterol, Hess suggested that when the animal is irradiated it 
; the cholesterol of the skin which is changed, or as it was then said 

activated.”* , 
" Steenbock and Black? were able to impart antirachitic activity to purified 
polesterol by irradiation with either a mercury arc, a carbon are or direct 
wnlight. They observed the significant fact that irradiation for prolonged 
eriods destroyed the activity of natural cod-liver oil and also the activity 
artificially produced by shorter irradiations of vegetable oils, although in 

ess the activity was maintained as long as ten months. ‘They believed 
old oils which had become acid could no longer be activated, although this 
not held due to the acidity as such, since the addition of oleic acid to the 

oil did not interfere with the process of activation. 
_ That the antirachitic properties of irradiated cholesterol, like those. of cod- 
liver oil, can be destroyed by heating with butyronitrile was believed by Bills 4 
to support, although not to prove, the identity of the irradiation product of 
cholesterol with the vitamin of cod-liver oil. That the rays which render 
cholesterol active are those which cure the animal in irradiation therapy was 
shown by Hess and Weinstock.5 They also showed that the dihydroderivatives 
of cholesterol or of the phytosterol of wheat could not be. made to acquire 
antirachitic activity by irradiation. This indicated unsaturation to be a neces- 
sary, but not a sufficient condition, determining the ability of a compound to 
tunction as a precursor of the vitamin. 3 

4 1Hess, A. F., Weinstock, M., J. Biol. Chem., 63, 297 (1925) C 9 . oe) >, so Je . °y ; 62, 301 1924 . Dr & 

ae K. H., and Rosenheim, O., J. Soc. Chem. Ind., 44, 123T (1925). ‘ peas ee a s 
piece, J. H., J. Biol. Chem., 69, 277 (1926). Waltner, K., Magyar Orvosi Arch., 28, 6, 13, 19 

Kon, § K a igi a 5 Fie hl ae pay te Pies aed doe tyrosine, but this was disproved by 
a = ’ °9 chem. J., 9 i } d hy Met (i928)? Cham tbe” or 4185 (1928). ) and later by Waltner himself, Magyar Orvosi 

_ Hess, A. F., Weinstock, M., and Hellman, F. D., Proc. Soc. Exptl. Biol. Med., 22, 76 (1924). 

BE enbock, H., and Black, A., J. Biol. Chem., 64, 263 (1925). 
es C. E., J. Biol. Chem., 66, 451 (1925). 
Hess, A. F., and Weinstock, M., J. Biol. Chem., 64, 181 (1925). 
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Rosenheim ® verified the activatability of cholesterol and, with Webster ¢ 
obtained a fraction of the irradiated material which protected against rickets wha 
given in daily doses of but 0.01 mg. _ 

Attempts were soon made to activate various derivatives of cholestero] 
analogous compounds. Hottinger ® found that the salts of the bile acids could 
not be rendered antirachitic by irradiation. Although he obtained no iy dic d 

tions of growth-promoting power in irradiated solutions of cholesterol acetal 

or palmitate, Hottinger stated that cholesterol oleate can be made antirachitin 
and Bills and McDonald® found the same to be true of the acetate, isobutypa,.. 

and benzoate although not of cholesterol ethers. They established that the double 
bond of cholesterol must remain intact for the change to occur, although the 
alcohol group may be esterified. Schlutz, Ziegler and Morse 1° definitely eliminate , 

the oxidation products of cholesterol as g- and f-cholesteryl oxides, hydroxy. 
cholesterol, and qg-cholestantriol as either the vitamin or its precursor. Theil 
made the suggestion that the provitamin of cholesterol might have been, boli 

in their own experiments and those of others, some difficultly removabje 
impurity rather than cholesterol itself. Epicholesterol cannot be rendered angj 
rachitic by irradiation. q 

According to Hume and Smith,!? the sterols obtained from the small Siak-illipe 
nut can be activated. Hess and Anderson}? found that irradiation makes 
g-sitosterol strongly antirachitic, but does not affect the B- and y-sitosterolg14 

Von Euler, von Euler and Rydbom™ found it possible to activate the 
sterols extracted from dried red blood cells1® They also observed the pog 
sibility of activating the phosphate and phosphite esters of sterols. Coprostero]. 
being an isomer of dihydrocholesterol and therefore lacking double bonds, cannot 
be activated.17 The same is true of cerevisterol from yeast.1§ | 

Early Views as to the Change Involved. Certain features of the mechanis 
of the irradiation process were made clear even in this early phase of the 
investigations. No change in the elementary composition of cholesterol could be 
detected by Hess, Weinstock and Sherman1!® after an hour of irradiation, 
This was an essentially correct observation which did not receive sufficient 
credence, since it was thought that combustion methods might not detect a 

slight amount of change in the composition of the highly active, but unisolated 
product of the irradiation. Windaus,?° however, made the suggestion that 

‘he activation might involve a stereoisomerization to allo-cholesterol, a sugges- 

ion which proved incorrect. The melting point of a sample of cholesterol 
ob 

which melted sharply at 146°C. was altered?! by irradiation so that it melted 

‘over a range of about 20°C. Some of its color reactions, notably the Whitby 

jest, became negative. 
_ Oxygen was not essential to the conversion, since Hess, Weinstock and 
Sherman 22 showed that it could be effected by irradiation under nitrogen. 

' Contradictory reports by Tiede and Reyher in the case of milk 7? may have been 

due to their reliance upon odor and taste rather than an actual test of potency. 

pless, Weinstock and Sherman 24 believed an active fraction from irradiated ; 

cholesterol to be soluble in liquid ammonia. Attempts by these authors to 

-fractionate the altered material from unchanged cholesterol by recrystalliza- 
‘sion methods with alcohol as solvent *? were unsuccessful; a gradual loss of 
the antirachitic activity occurred. Nitzescu, Popoviciu 26 and Denes-Goetz claimed 

to have attained some degree of concentration by such methods. : 

A method which proved extremely fruitful was introduced by Nelson and 

Steenbock.27 It consisted in the precipitation of the unaltered cholesterol as a 

molecular compound with digitonin, a much used method in sterol chemistry. 

“The antirachitic factor was found not to be precipitated by this reagent. 

The method is employed quantitatively for determining the extent to which the 

‘cholesterol has been altered during a given irradiation. The difference between 

the amount of sterol treated and that which can be recovered by digitonin pre- 

; cipitation represents the amount. which has been photochemically altered. 

Cholesterol liberated from the digitonin precipitate was found to be capable 

of activation on renewed irradiation. Similar results were obtained by Hess, 

Weinstock and Sherman.?® | 

On prolonged irradiation the antirachitic activity first produced is destroyed. 

This process is irreversible.29 Prolonged irradiation of cod-liver oil deprives it 

of its antirachitic vitamin. This, Adam 2° suggested, might be due to an 

oxidative cleavage with the production of an acid, the iodine number being 

inversely proportional to the time of irradiation. Hottinger®! also observed 

that the antirachitic material is irreversibly destroyed by heating it at 150 to 

200°C. and partially so at 100 to 120°C. Bills and Brickwedde** found that 

greater activity could be attained by irradiating cholesterol at liquid air tempera- 

ture than at room temperature. Cholesterol solutions in oils irradiated in oxygen 

and 

be 

6 Rosenheim, O., Lancet, I, 1025 (1925); see also Kramer, B., Shear, M. J., and Shelling, D. Ha 
J. Biol. Chem., 71, 213, 221 (1926). — | 

7 Rosenheim, O., and Webster, T. A., Biochem. J., 20, 537 (1926). a 

eee A., Z. Kinderheilk., 43, 8 (1927); Chem. Zentr. II, 2036 (1928); Chem. Abs., 21, 

® Bills, C. E., and McDonald, F. G., J. Biol. Chem., 72, 13 (1927). 
10 Schlutz, F. W., Ziegler, M. R., and Morse, M., J. Biol. Chem., 73, 209 (1927). 

“epee R. E., Kamm, O., Oakwood, T. S., and Laucius, J. F., J. Am. Chem. Soc., 58, 1948 

12 Hume, E. M., and Smith, H. H., Biochem. J., 20, 340 (1926). 

18 Hess, A. F., and Anderson, R. J., J. Biol. Chem., 74, 651 (1927). 

14 For the irradiation of anhydrous lanolin, see Bernhard, A., and Drekter, I. J., J. Biol. Chem., 93, 
1 (1931); Tépelmann, H., and Schuknecht, W., Z. Vitaminforschung, 4, 111 (1935); Chem. Abs., 29, 
5596 (1935); Schieblich, M., and Pallaske, G., Deut. Med. Wochschr., 61, 957 (1935) Zurukzoglu, S., 
and Miindel, O., Z. Vitaminforschung, 6, 125 (1937); Chem. Abs., 31, 5446 (1937). 

15 yon Euler, H., von Euler, B., and Rydbom, M., Arch. Med. Skand., 68, 371 (1928); Chem. Abs. 
22, 4591 (1927). . i 

16 Eyen cholesterol or lipins from the snail can acquire antirachitic properties, Mouriquand, G., and 
Leulier, A., Compt. rend., 188, 1701 (1929). 

ij 

3 Von Euler, H., Myrback, K., and Karlsson, S., Z. physiol. Chem., 157, 263 (1926). 

2 Hess, A. F., Weinstock, M., and Sherman, E., J. Biol. Chem., 66, 145 (1925). 

2 Tiede, E., and Reyher, P., Naturwiss., 14, 741 (1926). 

2 Hess, A. F., Weinstock, M., and Sherman, E., J. Biol. Chem., 70, 123 (1926). 

2 Hess, A. F., Weinstock, M., and Sherman, E., J. Biol. Chem., 66, 145 (1925). 

2 Nitzescu, I. I., Popoviciu, G., and Denes-Goetz, J., Bull. soc. chim. biol., 9, 126 (1927); Brit. 

Chem. Abs., 1927A, 487. 
_ Nelson, E. M., and Steenbock, H., J. Biol. Chem., 64, 299 (1925). 

28 Hess, A. F., Weinstock, M., and Sherman, E., J. Biol. Chem., 70, 123 (1926). See also Nitzescu, 
I. I., Popoviciu, G., and Denes-Goetz, J., Bull. soc. chim. biol., 9, 126 (1927); Chem. Abs., 21, 487 

(1927). Occasional inaccurate statements imply that the vitamin_may be precipitated by digitonin, é.g., 
Beumer, H., Klin. Wochschr., 5, 1952 (1926). Thus Hess, A. F., and Sherman, E., Proc. Soc. Exptl. 
Biol. Med., 23, 169 (1925) believed irradiated cholesterol to delay the hemolytic action of digitonin by 

binding it mére readily than does cholesterol.. See also Hottinger, A., Z. Kinderheilk., 43, 8 (1927); | 

Chem. Zentr. II, 2036 (1928); Chem. Abs., 21, 3219 (1927). 

; . 29 Hess, A. F., Weinstock, M., and Sherman, E., J. Biol. Chem., 66, 145 (1925). 
17 h be Tex, 3 es Pils , 3 ’ ; > 9 ’ ’ 

Fe ahaa ge ees Es “4 secre aeerie aed 80 Adam, A., Klin. Wochschr., 5, 1648 (1926); Chem. Abs., 21, 119 (1927). 

19 Hess, A. F., Weinstock, M., and Sherman, E., J. Biol. Chem., 66, 145 (1925). 4 ; 81 Hottinger, A., Z. Kinderheilk., 43, 8 (1927); Chem. Zentr. II, 2036 (1928); Chem. Abs., 21, 

‘ : coos 3219 (1927). 

4c be ae Hess, A., Nachr. Ges. Wiss. Géttingen,. Math. Phys. Kl., 175 (1926); “  ® Bills, C. E., and Brickwedde, F. G., Nature, 121, 452 (1928). 
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exhibit a change in dielectric constant, according to Ellinger.38 This q peared when the substance was irradiated, either in the solid state or in 
attributed to an oxidation process rather than to the formation of the antiraghs tion ‘a alcohol or ether. At Gottingen, Pohl4! found a sample of 

: 6) substance since it does not occur during irradiations in the absence of air, 4 
which conditions the vitamin can be formed. Bills and McDonald 34 sual 
in obtaining a slight degree of activation of cholesterol without irradiat; 
treatment with a certain fuller’s earth called floridin. 

led 

On t 

*nolesterol which exhibited an inflection at about 2/00A, a peak at about 

4800 and an inflection at about 2900A to be altered by irradiation by a 
d jgnesium spark in such a way as to increase the transmission between 2500 
: q d 3100A. As great a change could be produced in ten minutes with a magnesium 

spark with strong lines between 2800 and 2850A as could be obtained with the 
| 4 qitered mercury arc in an hour. By subtraction of the absorption curve obtained 

Bier an irradiation of twenty minutes from the original absorption curve of 

fhe sample there was obtained an absorption curve of the material which had 

peen altered by the irradiation. This curve was subsequently shown to cor- 

respond to the absorption curve of ergosterol. The decrease in extinction 

yalues at 2800A, indicated that, had the original absorption band truly belonged 
ho cholesterol, about half of the sample must have been altered during the 

irradiation. Actually, however, at least 99.5 per cent of the original cholesterol 

could be recovered unchanged after such a treatment. The absorption which 

Me altered during the irradiation must, therefore, be that of a contaminant. 

_ From the extinction values of ergosterol, Pohl concluded that his original choles- 

jerol samples had been contaminated with this sterol to the extent of about one 

jn 6000. Bills, Honeywell and McNair #* found the ergosterol bands shown 

by samples of cholesterol could be made to disappear by treatment with char- 

coal. The original samples had been contaminated to the extent of about 

1.2 parts per thousand. The disappearance of the ergosterol bands of ordinary 

cholesterol and bromide-purified cholesterol to which ergosterol had been added, 

‘during treatment with a permanganate solution was so similar as to afford 

‘further evidence that ergosterol is at least a contaminant of cholesterol. 

Rosenheim and Webster ‘44 estimated the intensity of the absorption by 

ergosterol to be from 1500 to 2000 times that of brain cholesterol. By irradiating 

ergosterol itself rather than cholesterol they soon obtained far more potent 

"preparations than those obtainable by the irradiation of cholesterol. Similar 

results have been reported for the case of the zymosterol of yeast.*° 

Ergosterol is a sterol first isolated by Tanret from ergot, a fungus on rye, 

4 material which itself is said to have a definite antirachitic action on dogs.*¢ 

‘It is also present in yeast, and is apparently present in both animal and plant 

‘cells as a contaminant of their respective sterols. Its occurrence in such 

‘vegetable oils as that of the peanut has been reported by Morton, Heilbron 

and Kamm 47 and it was detected in animal skin (pig) by Rosenheim and 

Webster.48 The structures of cholesterol and ergosterol are given below. 

There remains one doubtful point in the latter. The formula given is that of 

Windaus, in which one double bond is placed in the C,—C, position. Heil- 
bron places it in the Cg—Cy position. This would mean that the two double 
bonds in Ring B are not in conjugation. Against this Dimroth and Traut- 

ULTRAVIOLET ABSORPTION STUDIES AND ERGOSTEROL AS A PROVITAMIN 

Studies of the alterations of the absorption spectra of sterols during 4 
formation of vitamin D directed attention to ergosterol, a difficultly remoyah 

contaminant of cholesterol as the precursor.2° Von Euler®® had foung a 
the ability of various oils to be converted into the vitamin did not Dar 
their cholesterol content. It has subsequently been demonstrated that 
important contaminant of cholesterol is not predominantly ergostero] 
rather the spectroscopically indistinguishable 7-dehydrocholesterol. 4 

It was first shown by Hess and Weinstock 3% that although the specty), 
of dihydrocholesterol, which cannot be activated, remained unaltered during ¥ 
irradiation, that of cholesterol underwent a series of changes. Irradiation ¢ 
about an hour decreased the absorption by the cholesterol, but prolonge 

irradiation had the opposite effect. After 17 hours, the material had becom 
somewhat yellow in color and melted at a lower temperature, and after 30 hoy, 
it was opaque to both the ultraviolet and blue rays. Schlutz and Morses 
made the premature suggestion that the early disappearance of the absorp iq 
bands of cholesterol might be taken as an index of the potency attained, thr 
avoiding the necessity of prolonged animal experiments. Subsequent develo 
ments, however, showed the spectrographic changes to be extremely complicate 

Soon, however, other workers in three laboratories showed that some | 
the absorption bands exhibited by cholesterol were really due to an impurity 
Rosenheim and Webster ®9 showed that when the cholesterol had been purifie 
through the dibromide it could no longer be made antirachitic by irradiatior 
The usual methods of purification, however, did not remove the impurity whic 
is capable of producing the vitamin on irradiation. This is an instance of 
peculiar difficulty inherent in the chemistry of the sterols in general. The 
substances have a tendency to form loose associations with each other, wif 
their derivatives, and with other compounds, notably the bile acids, whi 
renders it very difficult to obtain pure compounds by even many recrystallize 
tions. Heilbron, Morton and Kamm ?° by fractional crystallization of cholester 
from ethyl acetate, concentrated a substance in the least soluble fraction whic 

had three well-defined absorption bands at 2930, 2800 and 2690A. Thes 

33 Ellinger, P., Arch. exptl. Path. Pharmakol., 122, 238 (1927); see also Remezov, I., Biochem. 
248, 256 (1932); 250, 560 (1932); Yeremenkow, N. P., Arch. sci. biol. (U.S.S.R.), 37, 509, 9 
(1935); Chem. Abs., 30, 6021, 7041 (1936). 4 

84 Bills, C. E., and McDonald, F. G., J. Biol. Chem., 68, 821 (1926); 72, 1 (1927); see also Yode 
L., Science, 80, 385 (1934). 

: e yo has been reviewed by Loofbourow, J. R., Bull. Basic. Sci. Research, 3, 101, 201 (1930 
’ ° 

4 

86 yon Euler, H., Arch. Kemi Mineral Geol., 9, 28 (1925). 4 
st Hess, A. F., and Weinstock, M., J. Biol. Chem., 64, 181, 193 (1925); Hess, A. F., Weinstock, ™ 

and Helman, F. D., Proc. Soc. Exptl. Biol. Med., 22, 227 (1924-5). 

88 Schlutz, F. W., and Morse, M., Am. J. Diseases of Children, 30, 199 (1925); Schlutz, F. / 
and Ziegler, M. R., J. Biol. Chem., 69, 415 (1926). — a 
Suan O., and Webster, T. A., J. Soc. Chem. Ind., 45, 932 (1926); Biochem. J., 20, % 

40 Heilbron, I., Morton, R. A., and Kamm, E. D., J. Soc. Chem. Ind., 45, 932 (1926); Biochet 
J., 21, 78 (1927). : 

all 
T) 

Dt 

41 Pohl, R., Nachr. Ges. Wiss. Géttingen, Math. Physik. Kl., 142 (1926). 

42 Pohl, R., Naturwiss., 15, 433 (1927); Nachr. Ges. Wiss. Gottingen, Math. Physik. K1., 185 (1927). 

+4 Bills, C. E., Honeywell, E. M., and McNair, W. A., J. Biol. Chem., 76, 251 (1928); Bills, C. E., 
 Ibid., 66, 451 (1925). “ 

44 Rosenheim, O., and Webster, T. A., Lancet, I, 306 (1927); Biochem. J., Al, 381 (1927). 

45 Fabre, R., and Simonnet, H., Compt. rend., 188, 1312 (1929); Hume, E. M., Smith, H. H., and 
Smedley-MacLean, I., J. Soc. Chem. Ind., 47, 537 (1928); Hess, A. F., and Anderson, R. J., J.. Biol. 

Chem., 74, 652 (1927). 
46 Mellanby, E., Surie, E., and Harrison, D. C., Proc. Physiol. Soc., J. Physiol, 65, xxix (1928); 

Chem. Abs., 23, 1163 (1929); Biochem. J., 23, 710 (1929). pets 
41 Morton, R. A., Heilbron, I., and Kamm, E., Biochem. J., 21, 1279 (1927). 
4S Rosenheim, O., and Webster, T. A., Biochem. J., 21, 389 (1927). 
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he d by absorption changes and in part occurring simultaneously. Finally, 

te peen established that the antirachitic material has an absorption band 

region of 2650A. 

mann #9 point out that such a structure would not be expected to give | 
characteristic absorption bands of ergosterol. They also show that ergostaty. 
the unsaturated parent hydrocarbon of ergosterol, and 7-dehydrocholestene j 
have the same absorption spectrum as ergosterol, so that the hydroxy] on 
at position 3 does not influence the absorption.®° 7 

vs 
, the 

dq hl *? found that irradiation of ergosterol solutions with a magnesium spark for 
ates caused a fading of the 2800A band of ergosterol resulting in a change in the 

5 min ion spectrum. By subtracting the original curve from that after irradiation, 
=psor Es led to conclude that the true absorption spectrum of the vitamin would be 

22 Po imi onclusions were reached 3 por” terized by a band with a maximum at 2450A. Similar c 
CH ne Ns spa ently by Morton, Heilbron and Kamm,” who observed that the band at 2470A 

Ll Pa ‘yi eared on prolonged irradiation, just as vitamin D was known to be destroyed. 
ze fisap? assays, carried out by the fecal alkalinity method, were not sufficiently accurate 

a onstrate that overirradiation had already occurred when the 2470A band appeared. 
e aarmation of the general course of the spectographic changes was afforded by Van 
Blk, Dureuil and Heudebert.” | 
Stolss 

Cholesterol Ergosterol 

Various related compounds have been irradiated, with negative results i 
Among these were Reindel’s isoergosterol 52 and. the fungisterol ‘of ergot! 

Positive results claimed by Windaus in the case of digitaligenin,®4 which li 
ergosterol contains three double bonds, could not be confirmed by Rosenhe 
and Webster. The absorption spectrum of ergosterol is given in Figure 1 

_ During the irradiation of ergosterol, some of its color reactions suffer alteratic 
In the Meesemaecker reaction,®® the addition of acetic anhydride and anhydrg 
zinc chloride to a chloroform solution of ergosterol produces a rose color whic 
changes to a stable green. ‘After irradiation of the ergosterol solution, how 
ever, only the green color results.56 : | : 

| FIGURE £52. 

) Absorption of Ergosterol (Mar- 

shall and Knudson, Journal American 

Chemical Society). 

INFORMATION YIELDED BY STUDIES OF THE CHANGES IN ULTRAVIOLET Apgsoj 
TION OF ERGOSTEROL DuRING IRRADIATION. 

Many of the earlier papers dealing with the conversion of ergosterol into 
antirachitic product relied chiefly upon the evidence yielded by the chang 
in absorption for conclusions as to the nature of the processes occurrin 
The first object was to obtain from such studies a clear indication of th 
absorption spectrum of the antirachitic substance. The results were extreme 
confusing and led various workers successively to consider three differe 
absorption maxima as characterizing the vitamin. It was at first believe 
to have a prominent band at about 2450A, but this was subsequently show 
to characterize instead overirradiated solutions of but little antirachitic activit 
Then it was thought that’a band near 2800A, with greater extinction coef 
cients than that of ergosterol, might represent the vitamin; but this was late 
found in error due to the fact, since demonstrated in the laboratory of Windau 
that a number of reactions are involved in the formation of the vitamin, eat 

The erroneous correlation of the band near 2470A with that of the vitamin _led 
to the use of the appearance of this band as a criterion of suitable time and conditions 
of irradiation in commercial preparations of irradiated ergosterol introduced in Europe, 
and which were therefore actually overirradiated so that they contained toxic products. 
(See Chapter 38). ; 
_ Bills, Honeywell and Cox” presented a curve for the potency of a 1 gm. per 
liter alcoholic solution of ergosterol after various times of irradiation in 2 cm. quartz 
cells directly in contact with the window of a water-cooled Kromayer lamp. Comparison 
of this curve with the absorption spectra obtained after various times of irradiation 
showed that the maximum potency had been attained and passed before the band 
near 2450A had become prominent, and that by the time it“had reached its maximum, 
‘the potency had been largely destroyed. In a repetition of the work during which 
air was admitted into the cell, this band developed and faded more rapidly, but the 
activation curve was essentially the same as before. They believed that although 

oxidation might play a part in the destruction of the 2480A band, it was probably not 
Concerned in the formation of the vitamin. They stated that the band at 2480 occurs 
also in the spectrum of an isoergosterol of Reindl, Walter and Rauch.“ Rosenheim 

49 Dimroth, K., and Trautmann, G., Ber., 69B, 669 (1936). 

50 See, however, Heilbron, I. M., J. Soc. Chem. Ind., 55, 129 (1936). 

*1 Rosenheim, O., and Webster, T. A., Biochem. J., 22, 762 (1928). 
52 Reindel, F., Walter, E., and Rauch, H., Annalen, 452, 34 (1927). Pohl, R.. Naturwiss., 15, 433 (1927). 

pRessaneam, 0,, and Webster, I. A. Lancet, 11,622 (1927). | r MeiMotton, R. A., Heilbron, I. M., and Kamm, E. D., J. Chem. Soc., 2000 (1927); see also Rosen- 
54 Windaus, A., Z. angew. Chem., 40, 697 (1927); Windaus, A., and Holtz, F., Nachr. Ges. Wis heim, O., Sd Webster, T. ‘A. Lancet, II, 622 (1927). : 

65 Meesemaccker, R., Compt. Rend., 190, 216 (1930); Brit. Chem. Abs., A, 477 (1930). , ee, 2? areal: B.eiand: Bauseyenn or then 
56 See also Haussler, E. 'P., and Brauchli, E., Helv. Chim. Acta., 12, 187 (1929) for the effects “Bills, C. E., Honeywell, E. M., and Cox, W. M., Jr., J. Biol. Chem., 80, 557 (1928). 

irradiation on the Tortelli and Jaffe reaction. . ; 
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and Webster also. made it clear® that the 2450A band is characteristic of a dal 
tion product and not of the vitamin. Tixier™ concluded that the time deg. 

absorption at 2537A is a maximum does not correspond to the time at 
antirachitic potency is greatest. 

Smakula “ continued the work of Pohl but used only very short 

periods ® and excluded oxygen which he thought might alter some of the ira 

products. His observations eliminated the 2470A band as the vitamin absorption 

suggested that the true vitamin bands might be located near 2600 and 2999 ‘A 

Webster and Bourdillon® believed, as did Smakula, that during the early . 

of irradiation, the absorption increases in a manner suggestive of the Dossibilj i. 
the vitamin has a band near 2800A. However, after the removal of unaltered ¢; ty , 
by digitonin precipitation, the absorption curve of the remaining solution sha 

less absorption than did that of ergosterol except in the region of waye “~ 
longer than 3000A. This apparent decrease in absorption in the regions 2800 4, § 
they attributed to the simultaneous formation of some product without either ah 
tion or antirachitic activity. Their belief that the vitamin absorbed at 209, | 
founded in part upon the fact that a reirradiation of active preparations by fit, 
rays free from wave-lengths shorter than 2600A destroyed their antirachitic actiy 
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6. For further discussion of early work on the significance of this band, see Morrison, R. Ry 

Clark, L. H., Brit. J. Radiology, 2, 307 (1929); Chem. Abs., 23, 5221 (1929); Fabre, R., and Simon 

H., Bull. soc. chim. biol., 10, 1100 (1928); Chem. Abs., 23, 421 (1929); Compt. rend. soc. Dioh. 
193 (1928); Chem. Abs., 22, 3438 (1928); Compt. rend., 188, 424 (1929); J. Pharm. chim., 9-10, 

(1929); Delaplace, R., and Rebiére, G., Compt. rend., 188, 1169 (1929); Castille, A., and Ruppol, 

Bull. Acad. Roy. Med. Belg., 799 (1929). 
62 Rosenheim, O., and Webster, T., Biochem. J., 22, 1223 (1928). 
68 Tixier, G., Compt. rend., 188, 206 (1929). a 
Gs pace A., Nachr. Ges. Wiss. Gottingen, Math. Physik. Kl., 49 (1928); Chem. Abs., 23 

1929). : 

8 See also Knudson, A., and Moore, C. N., J. Biol. Chem., 81, 49 (1929). a 

66 Webster, T. A., and Bourdillon, R. B., J. Soc. Chem. Ind., 47, 1060 (1928); Biochem. J. aby 

(1928). 
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Erhe importance of a band at 2650A was first emphasized by Reerink and 

These workers studied separately the effects of irradiation by 

ye-lengths longer than about 2750A and by shorter wave-lengths. Their 

a lengths were obtained by the use of either a mercury arc or a 

~~ vesium spark (Fig. 153), in either case filtered through a half cm. of a 10- 

‘? cent benzene solution. Hexane solutions of ergosterol were irradiated in 

stz containers completely filled which had been cooled in solid carbon 
Bide and evacuated by a high-vacuum pump, before sealing off. During the 

‘ inutes of irradiation there. was an increased absorption through- 

tion of the spectrum, later followed by a lessening of the absorption 
“the long wave-length region with but little change in the shorter wave- 

The maximum at 2820A diminished from the beginning but 
increased at first. The nature of the changes in the absorption 
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FIGURE 154. Absorption of Product L of Reerink and van Wijk (Biochemical J ournal). 

curves suggested that several substances were formed successively. By the 
ise of very short irradiation periods they found an early formed product to have 

the absorption curve obtained by the difference method of Pohl and Smakula 
icated in Fig. 154. This was called product L. This absorption could be 
nfirmed as that of the residue after removal of the unchanged ergosterol by 

digitonin precipitation if special precautions were taken to exclude oxygen. 
The single broad absorption band with its maximum near 2650A was attributed 
to the vitamin. There were some indications that it could be obtained as 
crystals at low temperatures. These authors believed that for irradiation periods 
up to about fifteen minutes, when 50 per cent of the ergosterol had been altered, 
practically all of the product consisted of the vitamin. After longer irradiation 
-eriods, 45 minutes to forty hours, larger quantities of secondary products with © 
ss absorption near 2700A appeared. After 25 hours of irradiation the 
Tsosterol bands at 2800 and 2900A had practically disappeared and a broad 
and between 2400 and 2500A became prominent. Animal experiments by Everse 

H., and van Wijk, A., Biochem. J., 23, 1294 (1929); Proc. Acad. Sci. Amsterdam, 32, 
#9 (1929); Chem. 
ty 534 (1930); Nature, 122, 648 (1928). 

Abs., 24, 1408 (1930); Nederland, Maandschr. Geneesk., 17, 1 (1930); Chem. Abs., 
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and van Niekerk ® indicated the antirachitic activity to be closely COrrelag. _ at 2690A but did not regard this product as the pure vitamin. It was 

with the amount of this substance L calculated to be present from the gp, - als° 
: : a ante Dectp. 150 shown that even the substance L of Reerink and van Wijk was not a pure 

graphic observations. Minimum daily doses of 100 ¥ of the most potent pro dail Is nund, two or more products being produced, probably in the same ratio 

(assumed from the degree of transformation of the ergosterol indicated by digital c a 5 formation. Some doubt was cast for a time upon the view that the 

precipitation to be 50 per cent vitamin) cured rachitic rats in two weeks, nin a bein has absorption at 2650A by the work of Ender,’® who claimed that a 

In their short wave-length experiments they employed a mercury 3,.° a E i very potent concentrate of the natural vitamin from tuna fish liver oil showed no 

source,. operated to give chiefly an intense mercury resonance line at 2537 4 elective absorption, a claim which has recently been shown erroneous. 

with two filters, which transmitted most of the energy of this line. One, a 2. * Reerink and van Wijk ™ also observed that during the long-wave irradiation 

column of saturated chlorine vapor at 6 atmospheres, absorbed the longer wall f ergosterol the optical rotation showed a linear dependence on the degree of 

lengths. The other, a 0.5-cm. column of 0.5-per cent aqueous potassium nitro, . ransformation of the ergosterol. This they regarded as supporting the view 

absorbed wave-lengths shorter than 2410A. Under these conditions, it scalil ’ Bat under their conditions but one product, the vitamin, is formed from ergosterol. 

that from the start secondary reactions occurred. The general change seemer ibis contrasted with the view of Askew, Bourdillon, Bruce, Jenkins and Webster,” 

to be at first an increased absorption throughout the entire spectrum, followed py, who had obtained small amounts of a crystalline product with absorption maximum 

gradual diminution culminating in practically complete transparency after a at 200A, that the effect of long-wave irradiation is to produce simultaneously 

minutes. The ratios of the extinction coefficients of the 14-, 60- and 135-mingil Eo substances, only one being the vitamin. Van Wijk, Reerink and Morikofer 76 . 

samples appeared independent of the wave-length within a wide range ant pelieved from absorption studies alone that the vitamin was more completely 

indicated that these curves are representative of various concentrations of , destroyed by prolonged exposure to sunlight than to the long-wave ultraviolet 

substance S. This was marked by absorption at 2800A. Upon further irraqiy “says of the filtered mercury arc, a result they attributed to a difference in the 

tion, it was converted into a practically transparent product. From a ¢ - distribution of energy from the two sources. Windaus ™ pointed out that long 

parison of the absorptions of S and that of L of the long wave-length irradiation exposures to the magnesium spark are required to over-irradiate the vitamin, which 

experiments, it was concluded that early in the irradiations by short way he found to have a negative optical rotation and, from the observations of Holtz 

lengths substance L is mainly formed with but little of S. But the rate 9 “in his laboratory, to have an absorption maximum at about 2700A. It was also 

destruction of L by the 2537A line was much greater than that of S so thea dear to Windaus that five or six irradiation products, all non-precipitable by 

the concentration of L, assumed to be the vitamin, never made a high per. digitonin, may form during the irradiation of ergosterol.78 Haman and Steen- 

centage of the materials present during the short wave-length irradiation, ] ‘pock 79 believe that’ the absorption at 2650A cannot be used as an accurate 

was suggested that the product of Webster and Bourdillon may have containeg measure of the amount of the vitamin formed since the change is so complex. 

the S substance and that this was responsible for their absorption results. | Quantum Yields. During the period in which the emphasis was upon the 

That divergent results are obtainable by the use of different wave-length spectrographic changes, little attempt was made to bring the principles of photo- 
was also indicated by the work of Griffith and Spence,®® who employed q chemistry to bear upon the problem. Some, such as Schlutz and Morse,5° 

monochromator. Ergosterol irradiated by wave-lengths 2650A and shorter, wher 
fed at a level of 0.01 mg. per day, failed to cure rats in two weeks but was 

crudely conceived the irradiated material to be merely a storehouse of radiant 

energy which was later supposed to be reémitted within the body, producing a 

effective in four weeks. Samples irradiated with rays in the range 2650 to 3130A 
cured in two weeks. Samples irradiated by still longer wave-lengths did not 

sort of internal irradiation. Nevertheless, a few physical chemists made attempts © 

| (somewhat premature in view of the state of knowledge of the mechanism of the 

become antirachitic. processes involved) to learn something of the amounts of energy required for the 

In subsequent work by Bourdillon, Fischmann and Jenkins,” it was shows 
that solutions of ergosterol of low concentration required shorter periods of 

conversion of ergosterol or unpurified cholesterol into the vitamin. Fosbinder, 

Daniels and Steenbock ®t measured the ergs of the radiation 2650A required to 

irradiation to attain the maximum absorption at 2800A than those of highet 
concentrations. This is in agreement with the results: of other photochemical 

produce a definite antirachitic potency in cholesterol and found the value to 

correspond to that in 3.2x1013 quanta. This was the energy required to produce 

changes outlined in the second section of this book. They also showed that 
when the radiations shorter than 2650A were filtered out the formation of the 

a minimal threshold action. An attempt was made to calculate from this the 

least effective dose of the vitamin, the following assumptions being involved: 

substance absorbing at Z800A was lessened, as had been shown by the Dutch | 
workers, in the case of their substance S. They later agreed ™ that the substance 
with marked absorption between 2700 and 2800A is not the vitamin. They were 
able to obtain preparations of high potency but low absorption at 2800A. 
Lahousse and Gonnard7? agreed in general with the results of Reerink and 
van Wijk. They found in the best products absorption at 2570 and probably 

© See Everse, J. W. R., and van Niekerk, J., Nederland Tijdschr. Geneesk., 73, 1101 (1931); Chem 
Abs., 26, 1010 (1932). J : nd Tijdschr. Geneesk., 75, 1 (1931) | 

69 Griffith, H. D., and Spence, K. C., Brit. J. Actinotherapy, 3, 69 (1928). 
7 Bourdillon, R. B., Fischmann, C., and Jenkins, R., Proc. Roy. Soc., 104B, 561 (1929). 

71 Bourdillon, R. B., Jenkins, R., and Webster, T. A., Nature, 125, 625 (1930). 

72 Lahousse and Gonnard, J. phys. radium, (6) 10, 114S (1929). 

a 

Ender, F., Z. Vitaminforschung, 2, 241 (1933); Brit. Chem. Abs., A, 1340 (1933); Chem. Abs., 

28, 4103 (1934). 

1 Reerink, E. H., and van Wijk, A., Biochem. J., 25, 1001 (1931). 

% Askew, F. A., Bourdillon, R. B., Bruce, H. M., Jenkins, R. G. C., and Webster, T. A., Proc. 

Roy. Soc., 107B, 76, 91 (1930); Bourdillon, R. B., Jenkins, R. G. C., and Webster, T. A., Nature, 

125, 635 (1930). 

7% Van Wijk, A., Reerink, E. H., and Moérikofer, W., Strahlentherapie, 39, 80 (1930-31); Chem. 

mis., 25, 3034, 5692 (1931). 

; ey sats, A., Nachr. Ges. Wiss. Gottingen, Math. Physik Kl., 36 (1930); Chem. Abs., 25, 132 

3 a 

8 See also Holtz, F., Strahlentherapie, 34, 637 (1929). 

7 Haman, R. W., and Steenbock, H., Wis. Agr. Exp. Sta. Bull., 430, 136 (1935); Chem. Abs., 30, 

3472 (1936); cf. Fuchs, L., Pharm. Presse Wiss.-Prakt. Heft, 93 (1933); Chem. Abs., 27, 5478 (1933). 

80 Schlutz, F. W., and Morse, M., Am. J. Diseases of Children, 30, 199 (1925). 

_ 81 Fosbinder, R. J., Daniels, F., and Steenbock, H., J. Am. Chem. Soc., 50, 926 (1928). 

i 
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ned in these experiments is to be obtained by dividing the minimal e: 

pained 0.037) of the more recent crystalline De of Windaus and others i 

(pi Iculated doses of Daniels (0. 06y). This gives a quantum yield of 0. 

eS remarkable agreement in view of the many assumptions involved. This 

: il eas extended by Marshall and Knudson 84 who plotted on log-log paper the 

pe um daily doses required to cure rats in three weeks which could be 

} iim to 0.3 mg. samples of ergosterol when irradiated by different amounts 

i oy at given wave-lengths. (See Figure 155). It was found that during 

¥ itial stages of irradiation the amount of the vitamin formed was directly 

a ional to the energy absorbed, since the minimum dose varied inversely 

0 isc ergs absorbed. For longer periods of irradiation, this relation failed, 

Sct amount of the vitamin formed being smaller at each succeeding period 

(a) that the molecular weight of the vitamin is the same as that of 
(b) that the Einstein photochemical equivalence law applies and (c 
this was not recognized to be an assumption at the time, that no other Simultangg 
photochemical process occurs and that there is no loss of energy in any a 
irradiation © destroying the vitamin. The calculation indicated that the vita | 

should be active in doses of 0.02y. For the irradiation of ergosterol, the ya 
was given as 0.06y.82 Shortly after this, Coward 83 found the best Preparati 
then available to give a positive result in the line test, a biological assay, ip dai . 
doses of 0.02y, a result which appeared a remarkable confirmation ofa 
physicochemical predictions. By extending the results to three other wal 

choleste, 

)> althoy 

lil | diation led to a loss in the 
stage was reached in which prolonged irra 

Ht Seniesa Ltt TT | atl @ Be Hidnaty produced. Thus these experiments yielded an rae a cha 

tt zine Ht HH Ht } 4 Grmation of the results of spectrographic determinations. They calculate 

setea | eantum yields of 0.3 to 0.2, based upon the potencies of the best preparations 
He 009 5 bead b oa available, those of Bourdillon and Webster. That this is greater than that 

aaacts b D, mentioned in connection with the results of Daniels may account 

He HHH | g the somewhat lower quantum yields of Marshall and Knudson. In two ane 

itis Hat r Be hich prolonged irradiations were made, the results with the 2536 and 2800 

Pa tH pt Hl | ™ appeared to be identical. This result is hard to reconcile with - observa- 
ee oie es SE een Pot tt CaaS 5 anes |= oh ae 28 ee [| mma ue + : i" (SE TET a ee meee Wii K 

$ som iil ATT FATT | tions of Reerink and van Wij 
lz Ait | Orner FEATURES OF THE IRRADIATION CHANGES 
i Se Za t (a a Poa i" ded to throw some light eevee aaa oH Ht : this period a number of other observations tende aaa ve 1S 8 ye ae a a Co Cet | During this p he di that 

ok Og ee ee 2s eee Sree eerie eertemereet’ the influence of various factors on the irradiation process. The discovery 

apie mai inn Bilin maiiiii mma q irradiation could be effected successfully at —183°C., a temperature at wa 

if bebe Ait TT IT most bimolecular reactions are markedly inhibited, suggested the Jee noce that 

SA CoH I feebe fhe reaction is a monomolecular process, probably an isomerization. he Prawns 
a Ete ition Ht — ie ee js markedly affected by the choice of solvent.86 In ether, the maximum po ency. 

a a oes eee tue sees SEH Hy St ‘is about five times that which can be attained in alcohol. The maximum is 

‘reached in 27 minutes in alcohol but only after four hours in ether. The vitamin 

‘js destroyed much more slowly by overirradiation in ether. Cyclohexane as solvent 

is intermediate between alcohol and ether. The vitamin can be destroyed by 

... 
ified cholesterol anti rol anti- 

he early studies ae ae were made to render unpurified choleste 

ae ee ies spre ies of x-rays. Hess and Weinstock * were unable in this ie 2 

‘alter its absorption spectrum, but Roffo and Correa™ found | that it hae t ee Vy 

rendered nonprecipitable by digitonin. Reinhard and Buchwald® found the absorption 

- hs by x-rays or Y-rays, although the change in 
to be shifted to longer wave-lengths by y Ru La acnitted Ssvndien ae 

104 105 108 107 108 10° 

Total energy in ergs for 0.38 mg. of material. 

A, 3022 A°; X, 2536 A°; ©,.2800 A°; O, 2300 A°. 

Figure 155. Amounts of Energy Required to Render Ergosterol Antirachitic (Marsha I 
and Knudson, Journal American Chemical Society). 

lengths, 2560, 2800 and 2930A, it was found that the results were inde- 
pendent of the wave-length, the same dosage being arrived at in each case. Moptical rotation was but slight. No antirachitic po 
In these irradiations only very short exposures were employed to eliminate the | strom Lohmann and Hillstrom.” io) oe 
possibility of a loss of energy in overirradiation. As a result of this work the Knudson® found commercial cholesterol could be rendered antirachitic by the 

quantum efficiencies were thought to be independent of the wave- length, and, 8 Marshall, A. L., and Knudson, A., J. Am. Chem. Soc., 52, 2304 (1930). 
from other experiments, of the state of the ergosterol, e.g., as solid or in solution $5 Bills, C. E., and Brickwedde, F. G., Nature, 121, 452 (1928). aoa 
(and in the latter case of the concentration of the solution). At present, it 86 Bills, C. E., Honeywell, E. ne and “ae. bs a Apo yt see 5 is (1928). Shari, Bsnbaall 
would seem very unlikely that a quantum yield of unity logically could have - ee. Chew. BS a (Tokyo) 640 (1929); Chem, Abs., 25, 1875 (1931). 
been assumed for photochemical reactions of such complexity occurring in con- 
densed phases and, indeed, Kon himself has stated that the process is probably 

1925). | 
88 H A. F., and Weinstock, M., J. Biol. Chem., 64, 181 (¢ 

 Roffe A. H. and Correa, tT; M., Boll. Inst. Med. Exptl., No. 5 (1925); Brit. Chem. Abs., As 

one with a low quantum yield. An approximation of the quantum yields actually 923 (1929). 

® Reinhard, M. C., and Buchwald, Ba Ws 5s Biol. Chem., 73, 383 (1927). APY 

*1 Stenstrom, W., Lokiann, A., and Hillstrom, H. T., Proc. Soc. Exptl. Biol. Med., 25, 8 a : 

®2 Knudson hs Science, 66, 176 ai Knudson, A., and Coolidge, W. D., Proc. Soc. Expt tol. 

Med., 24, mae (1927). 

82 Kon, S. K., Daniels, F., and Steenbock, H., J. Am. Chem. Soc., 50, 2973 (1928). 

83 Coward, K. H., Biochem. J., 22, 1221 (1928). 
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action of cathode rays. Hieger believed that® cholesterol could be made ACtiv aul va al 

by eee he in ane prsknte of 4 felapye ontaanine solvent. 
sterol can be rendered active by cathode rays, but the activi i _ 

0.04 that attainable by the use of ultraviolet rays. That soft ae aa 'S On 
for the formation of the vitamin has been observed by Delaplace and Reh <Mploy, 
ay sooy ate and Shelow.*° The glow discharge has been successfully ema c“a 

skew, Bourdillon and Webster.” The claim of Takamiya*® that ozone Ployed } 
effect the production of the vitamin is apparently incorrect in view of the 1S able ¢ 

described in a subsequent section which shows that ozone would completeiiain to h 
features of molecular structure upon which the vitamin action depends, ¥ desi “oy 

Even before the isolation of crystalline irradiation products 
likely that the change involved in the production of the vitamin is ake ‘of isomenmia 
tion. Early suggestions of a correlation between the peroxide content eee 

rachitic products and their potency did not prove significant. That ‘a 
is not essential to the occurrence of the desired change in ergosterol is an oes 

from the many investigations in which it was excluded without affect a 
process.t°° Nevertheless, it was possible before the structural formula "a th 

sterols was as well understood as at present, to conceive of a secondary 4 th 
group being converted into a ketone by a migration of hydrogen atoms to Coho 

double bond.1°! Heilbron, Morton and Sexton 1°? tended to favor a kel 1 
structure for the vitamin, particularly because of the results of studies 7 

monomolecular spreading on water of films 1 of the irradiation product 

comparison with the types of spreading exhibited by various sterol derivalill 

However, many arguments were quickly marshalled against this possibility, } 
the first place, since ergosteryl acetate can acquire vitamin properties # : 

unlikely that the hydroxyl groups can be affected.1°* Infrared absorption studies id 
indicated the persistence of the alcohol group and the non-appearance of a ket J 

group during the irradiation, except possibly in over-irradiated products. Thi 

was in agreement with the conclusions of Windaus and Linsert 19 fron 
chemical evidence. It was stated that the optical activity changes from aba 

—100° to +15° in 45 hours, but that the molecular weight remains unchan a 

and a free hydroxyl group remains as shown by the action of methyl magnestil 
iodide. Hydrogenations and perbenzoic acid titrations of the best products thell 

available appeared to indicate that the number of double bonds remains unalterell 
(This was later shown to have been in error.) This stimulated a number of 

it aPPeare, 

98 Hieger, I., Biochem. J., 21, 407 (1927). | 

®t Knudson, A., and Moore, C. N., J. Biol. Ch 
Daniels, F., J. Biol. Chem., 115, 119 (1936). st i 

% Delaplace, R., and Rebiére, G., Compt. rend., 188, 1169 (1929). 

96 Loofbourow, J. R., and Shelow, E., Bull. Basic Sct. Research, 3, 47 (1931). 

se = he F. A., Bourdillon, R. B., and Webster, T. A., Biochem. J., 26, 814 (1932) 

akamiya, E., Bull. Agr. Chem. Soc. Japan, 5, 72 (1929); Ch 1): 
i ih oS Hi Imp. Univ., 3, 1 (1930); Chem. Abs., Bist? aoe AD scoi the. 539 931) a 

oder, L., J. Biol. Chem., 70, 297 (1926); Schimkus, B., Arch. Exptl q 
230 (1927); Chem. Abs., 21, 2338 (1927); Rousseau, E., Compt. rend. soe bioh., 98. 1844 (19a) a 
( ia ee Beard, H. H., Burke, R. E., Thompson, H. E., and Goldblatt, H., J. Biol. Chem., 96, 307 

101 S . . . . 7 

oat Pile ase ~ and Linsert, O., LAnnalen, 465, 148 (1928)] for an early discussion of the 

403, Heilbron, I. 'M., Morton, R, A., 
Biochem. J., 22, 1133 (1928). 

103 Rosenheim, O., and Adam, N. K., Proc. Roy. Soc., 105B, 422 (1929); Stei id a Os; es hag Oe 3 : = . ; Steig Ww: loid 
Z., %;, 165 (1928); Chem. Abs., 22, 3432 (1928)] favored a ketone erated: betnase" Ot A. 

104 Heilbron, I. M., Brit. J. Actinotherapy, 2, 210 (1928). 

' 10 Shelow, E., Bull. Basic Sci. Res., 3, 175 (1931); see also Hirsch 
Wochschr., 10, 171 (1931); Chem. Abs., 35, 2173 (1931); Biochem. Z., pa "16d 1931)” 

106 Windaus, A., and Linsert, O., Annalen, 465, 148 (1928); Windaus, A., Westph ry 
der, F., and Rygh, O., Nachr. Ges. Wiss. Gottingen, Math. Physik Kl, 45 (1920) Bien vor 
4799 (1930); Windaus, A., Nachr. Ges. wiss. Géttingen, Math. Physik Kl. 36 (1930). - 

49 (1929); see also Hoffman, R. M., and 

1 

and Sexton, W. A., J. Chem. Soc., 47 (1928); Sexton, W. A, 

, L., Khim 

Jenkins and Webster.1!0 

y 
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gations regarding the possible potency or activatability of the various 

lly prepared isomers of ergosterol. in which the positions of the double 

hifted, as well as that of the stereoisomers.!97 

if yest 

shemica 

ISOLATION OF CRYSTALLINE IRRADIATION PRODUCTS 

Attention was diverted to the study of crystalline irradiation products which 

exe ssolated about 1930. There were a few earlier observations. Jendrassik 

and Keményffi 198 claimed the isolation of a crystalline substance effective in a 

daily dose of 0.0ly. This may be doubted since the product was said 

to exhibit no ultraviolet absorption spectrum and since the activity claimed exceeds 

¢pat of the well-characterized products later obtained by others.* The first definitely 

characterized crystals, isolated by Windaus, Gaede, Koser and Stein,!°9 proved 

to be biologically inactive as a result of over irradiation (50 hours). They 

could be separated into two fractions by fractional crystallization of the allophanate 

from benzene. As an indication of the excessive irradiation employed, they were 

called suprasterols I and II. Neither showed absorption of wave-lengths longer 

than 2900A. They were not precipitated by digitonin and were not mutually 

jnterconvertible. Suprasterol I melted at 104°C. and IJ at 110°C. They appeared 

to be triply unsaturated monohydric alcohols. 

~ Active crystals were obtained shortly after this by Askew, Bourdillon, Bruce, 

Ergosterol in ether solution was irradiated by a 

mercury-vapor lamp while flowing through a quartz tube at such a rate that 

about 40 per cent of the ergosterol was altered. After removal of the unchanged 

sterol by digitonin precipitation, the solution was evaporated in vacuo to a dry 

resin. By distillation at pressures between 0.002 and 0.01 mm. there were 

obtained distillates which, on solution in alcohol with water added formed just 

opalescent liquids. These mixtures, on slow evaporation in a vacuum desiccator, 

gave crystals melting 113-115°C. The ultraviolet absorption of these crystals 

agreed with that of the substance L of Reerink and van Wijk and in several 

samples the absorption paralleled the biological activity. The crystals were at 

first thought to be a mixture of two or more very similar substances (only 

one of which might be the vitamin), or else mixtures of antirachitic substances 

of different degrees of potency. 

Tt was shown that a product prepared by irradiation with longer wave-lengths 

suffered a change on subsequent irradiation by shorter wave-lengths (2100-2800A ), 

the absorption increasing at 2800A and the antirachitic value falling. On the 

other hand, irradiation by long wave-lengths for fifteen minutes had but little 

effect on the antirachitic potency. It was suggested, from closer analysis of the 

results, that the inactive substance absorbing at 2800A is produced during the 

re-irradiation of the long wave-length product by short wave-lengths, not from 

the vitamin but from some other substance present, to an extent which depends 

W. M,, Jr, J. Biol. Chem., 84, 455 (1929); Bills, C. E., Cox, W.’M., Jr., 
., 84, 655 (1929); - MacCorquodale, D. W.. Steenbock, H., a i Eu; 

J. Am. Chem. Soc., 52, 2512 (1930); Hart, M. C., and Heyl, F. W., Ibid., 52, 2013 (1930) ; 

son, H., and Heyl, F. W., Ibid., 52, 2015 (1930); Hart, M. C., Speer, J. H., and Heyl, F. ., Lbid., 

52, 2016 (1930); Heilbron, I. M., Johnstone, F., and Spring, F. S., J. Chem. Soc., 2248 (1929) ; 

Windaus, A., and Auhagen, E., Annalen, 472, 185 (1929); Windaus, A., Dithmar, K,, Murke, H., 

and Suckfill, E., Annalen, 488, 91 (1931); Cox, W. M.,.Jr.,.and Bills, C. E.,. J. Biol. Chem., 88, 

709 (1930); Natelson, S., Sobel, A. E., an Kramer, B., [bid., 105, 761 (1934); Natelson, S., and 
el, 

‘Sobel, A. E., Ibid., 109, 687 (1935). 
Z., 216, 238 (1929). 
tated that they had evidence of crystals at low 

, W. M 

3 

108 Jendrassik, A., and Keményffi, A. G., Biochem. 

* Reerink and van Wijk, it may be recalled, s 
temperatures in their products. 

109 Windaus, A., Gaede, J., Késer, J. G., Annalen, 483, 17 (1930). 

0 Askew, F. A., Bourdillon, R. B., , and Webster, T. A., Proc. 

Roy. Soc., 107, 76, 91 (1930). 

, and) Stein, 
Bruce, H. M., Jenkins, R. G. C. 
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upon the conditions used in the first irradiation. They did not believe , to be a precursor of the vitamin but some other substance formed simultanen with it. The simultaneous production of two products, one of which is ing 
would prevent the concentration of the vitamin produced by irradiation from il 
reaching 100 per cent. Within a year they had improved the technigy 4 
to an extent that permitted the preparation of several grams of the erygill 
In this process, it was essential that oxygen be excluded. The oxyge “ 

q peen separated into an inactive substance, pyrocalciferol, formed es bie shen 
pad at during the distillation, and the true antirachitic parm tae - Liatia 

P ined the name calciferol. Thus their original or “old calcifero a 
the. iferol, which is again an isomer. a3 contaminated with pyrocalciferol, w 

BP adans and Linsert, in a brief note,!!6 announced the gales ive ween 

i -116°C. and having [elp= es ° in acetone. ound, Ds. melting at 115-116°C. 

Be obtained by the dinitrobenzoate method from D, which was found to consist 
N uptar a ; ite absorption at 2650A. of the irradiated products was thought to be largely due to the oxidation y D, and an isomeric pomeraee fe hase eh peer oe D, were not. products other than the vitamin for much oxygen could be absorbed Withoyg. New calciferol and Ds sane, Aiea! spare oa aoa (and probably also the con- corresponding loss of potency. Provisionally, they gave the name Calcio, “The former had as the secon ae an ve plate ihe aie ENE ars 

to the crystals, recognizing the possibility that they might not be a 4 faminant of D,) and the latter had as compound. This substance melted at 123-125°C. and had Lolo +260°. 1 
absorption spectrum showed a maximum at 2700A and an inflection at 2600, 
indicative of a second maximum. The elementary analysis and molecular Weigh determination indicated the substance to be an isomer (or a mixture of isomere 
of ergosterol. Partially successful esterifications indicated the presence of a alcohol group. They were then uncertain as to whether the calciferol wag | product of the original irradiation or one which had been altered by the heat 
employed in the subsequent distillation. The purity of these calciferol crysta]s wal 
questioned by Bills, McDonald, Be Miller, Steel and Nussmeier.112 , 

Meanwhile at Gottingen crystals were also obtained and called D,.118 
The irradiation products obtained under conditions of little or NO Over 

irradiation, after being freed from unchanged ergosterol, were allowed to reac with citraconic anhydide at room temperature. That portion which ha 
reacted was removed after three days and the solvent evaporated from th 
remainder. The residue could be easily recrystallized, as long needles meltiy, at 124-5°C. and subliming in high vacuum at 135°C. They had an absorptiog 
band with a maximum at 2650-2700A and were isomeric (composition an 
molecular weight) with ergosterol. The limiting antirachitic dose was 0.025, 
The crystals had a high positive rotation, in acetone or alcohol, [a] = 17 
Samples made by the method of Reerink and van Wijk, however, showed a specife 
rotation of but +30°. D, seemed, furthermore, different from the crystals obtained 
in England since after ten recrystallizations, the German product had a rotation 
of +159° and the English of +260°. Windaus suggested that it might be that 
the only change involved was a steric one leading to an increase in the spatial 
size of the molecule. But it was suggested that during overirradiation, the 
double bonds which form a conjugated system may be moved to positions further 
apart.4# The combination of the crystals with maleic anhydride indicated the 
presence of a conjugated double bond. At room temperature the new crystals 
absorbed no oxygen in twelve hours. 

It was soon found, however, that neither calciferol nor D, represented the 
pure antirachitic photoisomer of ergosterol. The English workers announced 
that?45 by fractional crystallization of the 3,5-dinitrobenzoate, their product 

med from ergosterol by irradiation.'® This has been called panies = i 

Bo! formed by light. The lumisterol has its oe ear = a lens 

Dad i nce which, on irradiation with short wave-lengths, 1S° 

ei ‘ae with strong absorption at 2800A. It was readily eure 

at lumisterol and calciferol (D.) in equimolar proportions would have the 

a tion spectrum of D,. The English workers suggested that the shea 

a Scar ink and van Wijk may have been a ae of Niger terdelge wid? 

| i ive 1 iation products. It was next shown by Windaus, 

* nc, 19 by aire with perbenzoic acid, that lumisterol contains three 

| Bible bonds. It has no antirachitic action and is not toxic. By ie ae if 

ether with the unfiltered light from a magnesium arc, in Or i ae ee : 

rays predominate, it is converted, in part at least, into Ds. Lr ee 

transitory intermediate product in the conversion of ergostero sa ee 

the English observations, it would seem that, if in this aia? ae ah 

qs irradiated by too short wave-lengths, the reaction follows aM ae i pd 

producing the substance which absorbs maximally at eon Tha ie eae 

which disappears when this sae eh at sia recns vee is no 

i shown previously by Windaus an Presi Teas 

i srs not een genera why it was so necessary to eliminate aps en 

the irradiation since none of the products thus far aie a readily ae ee 

by it. It was believed both by Windaus and by the Englis! group aaa 

irradiation product attacked by oxygen is not the eulinechi nl a _ ry ae 

further studies, Windaus, von Werder, and Liittringhaus * isolate a 

stance from the treatment of the irradiation product with citraconic a ee 

Because of the rapidity with which it reacts with that agit sit ihe: | 

than D,) it was called tachysterol. Since it reacts rapidly wit oven us i 

seems to be the product which makes the exclusion of oxygen ere si ‘i bs 

this material must be preserved in order to secure high yields of Dy, du i! 

irradiation seems to imply that it lies in the direct line of 5 ae x 

ergosterol into D,.122 Tachysterol lacks antirachitic action and is no ome: 

116 Windaus, A., and Linsert, O., Annalen, 489, 269 (1931); see also Z. physiol. Chem., 203, 70 » 

(1931). 

17 This work has been reviewed by Liittringhaus, A.; Chem. Zt9., 55, 956 hao a, loge secon 

118 Detailed accounts of the preparation of new calciferol are given in ee ; oe Pie Rese 492, 

GED aa of De by inden i, Tease a REM OMetIM, p Chem, 36,189 C1982) 
iticism, iis, C. EL, an ( A ea © ee : 3 1936); 

4 oe: patina of thee the crystals, see Sumi, M., J. Agr. Chem. Soc. {ane se Mates ie 

Bull. Inst. Phys. Chem. Research (Tokyo), 15, 635 (1936); cf. also ae og Hage (1538) 

Ann. chim. appl., 25, 124 (1935); Brit. Chem. Abs., A, 857 (1935); Chem. Abs., 29, 
119 Windaus, A., Dithmar, K., and Fernholz, E., Annalen, 493, 259 (1932). 

1220 Windaus, A., and Auhagen, E., Z. physiol. Chem., 196, 108 (1931). er 

121 Windaus, A., von Werder, F., and Liittringhaus, A., Annalen, 499, 188 (¢ 7 a leer 

= iihrotten, H. H., and Hauptmann, H., [Z. physiol. Chem., 207, 259 (1932)] believe 
Presence of tachysterol. De becomes slightly sensitive to air. 

| 

a 

1 Angus, T. C., Askew, F. A., Bourdillon, ‘R. B., Callow, R. K., Fischmann, C., Philpot, J., and Webster, T. A., Ibid, 108B, 340 (1931). 
112 Bills, C. E., McDonald, F. G., Be Miller, L. N., and Nussmeier, M., J. Biol. Chem., 93, 775 

(1931). } 
8 Windaus, A., Liittringhaus, A., and Deppe, M., Annalen, 489, 252 (1931); Windaus, A., Proc. Roy. Soc., 108B, 568 (1931). 
114 For evidence for this from refractive indices, see Von Auwers, K., and Wolter, E., Nachr. Ges. 

Wiss. Gottingen, Math. Physik. Kl., 101 (1931); Chem. Abs., 26, 5844 (1932). 
5 Askew, F. A., Bruce, H. M., Callow, R. K., Philpot, J. St. L., and Webster, T. A., Nature, 128, 

758 (1931). 
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It has a high absor : 
ne was not altered by the wave- tion maxim 

| 
040A ‘andis chan pti um at 2800 A and furth q 

ged, 1 ; _turther bands _ g 

spark. It thus appears ae iy into Dz when irradiated by the: an¢ ihe presence of air. Ergosterol in cyclohexa 

ergosterol or of lumisterol. Th oily stance built up by short-wave irradi ; ength 3130A but was rapidly converted into calciferol by 2967A. With 2650A, 

tion is probably due t at it does not appear during the lone- ‘ation of © vield of calciferol was decreased. ‘Thin ‘crystals ot ergosterol were scarcely 

and immediately song: ea that 
it is formed only in fow chee © trad \ Bcted by 3650, 3130 or 2537A, but were rapidly transformed by 2967A. 

0 Dy. The use of short waves, owing «tations endrassik 12° has claimed that ergosterol can be rendered antirachitic by 

ation 2 per cent as potent as that 

adiation with sunlight, yielding a prepar absorption, ‘could pr 
probably only very slowly convert it into D, *O lack of ey 

7 i} 
It has been found possible to irradiate 

It thus became 
. ae: apparent th i : 

eae : 

tion and it became possible io Pe isomers of ergosterol are produced by ; | produced by artificial ultraviolet sources. 

formations occur.122  Slioh place them in the sequence in which Y irradiay 1 rgosterol by ultraviolet rays which have passed through the epidermis of a day- 

papers, the following eee . differences in the order were suggeste i trang. nd rat.12" 
| | 

of Setz. § the sequence of changes given in the most ny hese | F | 
sr recent Paper CHEMICAL CHANGES OCCURRING DurRING THE IRRADIATION OF ERGOSTEROL 

Suprasterol I { Tt has been pointed out in the preceding discussion that the various irradiation 

of changes undergone by ergosterol are all isomers. 

. The elucidation of the constitution of each of these, established in all of the most 

jmportant features, has been accomplished by the application of chemical and 

. physical methods. Among the physical methods have been the comparison of the 

data on ultraviolet absorption, refractive indexes and x-ray crystal structures of 

these products with those of related compounds of known constitution. The 

chemical attack has involved the identification of oxidation products, the 

determination of the number of double bonds in the various products by catalytic 

 microhydrogenation methods and by perbenzoic acid titrations, and the determina- 

tion of their conjugation by the maleic anhydride reaction. The number of 

sings present was found by selenium dehydrogenations followed by the identifica- 

tion of the products. Finally, the thermal decomposition products have been 

j studied. The details of the historical development lie beyond the scope of this 

discussion.12° 

It was first shown that the double bond (Cez2 to Cag) im’ the side-chain is 

unaltered during the transformations, since ergosterol, lumisterol, tachysterol, De 

and suprasterol I can each yield methylisopropylacetal
dehyde on suitable treat- 

ment.129 The changes must then be stereochemical or associated with the posi- 

tions and stability of the double bonds within ring B of ergosterol. — 

Three double bonds were found present in lumisterol,!3° and studies of the 

oxidation products indicated them to be in substantia lly the same positions as in 

ergosterol, a result supported also by dehydrogenation experiments by Dimroth. 

Only a stereoisomeric change re mains as a possibility.1%1 This was at first thought 

to consist in an epimeriza tion of the hydroxyl group at position 3, but this 

has been shown unlikely by the observation that the unsaturated hydrocarbons 

produced by J the dehydration of ergosterol and lumisterol by phosphoryl chloride 

are different.122 Dimroth 1** has s 

Substance 24 
The substance 248 is so called because it Ss 
may be recalled that this substance wa Boe Re i ee cleat 2480A tt 
Pohl. It is s originally mi 

; a product of overirradiati y mistaken for the vitam} 

lation and is not anti <6 Itamin hy 

rachitic but is toxj y 
'¢ and sometimes called toxistero].124 deiibet esas ¢ ye Setz states that irradiation < 

that the oe ae of a mixture of all aaa following ail : 

capable of altering ergost ; sierhesor Light of the longest varedenatiy TOO 
| setae, hee gives rise to lumisterol after which furrth oe 
SHES ‘Satsedl oven co abe aatins shorter wave-lengths, 2800A, the i a 
amit eabie: aes ceot ac ysterol is immediately produced. It i sell 
Secs gths and is converted into Ds. and ae 
* S more than ten times as st : 
this sequence may explain why th 
filter from rays shorter than 2800 

ange 
terol | 

Between 3000 and 36 ie . 
ee) : 

eee. as does ergosterol. The existent : 
fe fe arc light, when freed by a s<ylenfil 

fairly constant proportions, The . orms chiefly the vitamin and lumisterol i 

lumisterol into tachysterol T e shorter rays are necessary to co crol 

Ho MHtBKE] bit chiefly he magnesium light, 2780 to 2800A, yields nvert i 

may be formed Shree tachysterol and Ds, suggesting that the cchvstall 

Against this : ao. through lumisterol as i eh 

HatisTA tine Seed oversimplified scheme is also the eet tee pipiens stage, 

dominates in the oe 10 per cent of the ergosterol has been ee ae 

lumisterol, would sere although it might be expected that the Bist 2 

Reerink and van Wijk) aoe In a product of longer irradiation (mista im j 

to be pres per cent ergosterol conversi ; 

present about 40-50 per cent of lumisterol, 30-40 oh “cent es 40 SO | ae? as per cent of tachysterol, 5-10 
suprasterol I. per cent of suprasterol II and possibly also traces of 

By the use of a monochrom 
calciferol in cyclohexane is ra ily, 
not changed by 3130A or 

123 Windaus, A., Liittri 
(1932); Chem. AZ uttringhaus, A., and Busse, P., N . er 

499, 188 (1932); Sane (1933); Windaus “A ven ie hey Gottingen, Math. Physik Kl. 150 — 

1% Laquer, F., and Linsert, aoe Chem., 215,183 (1933). F., and Liittringhaus, A., Annalen 

‘ L ’ <5 sert, : ‘ 
s 

’ re! 

roth indicates that ergosterol cann Rb ier oat aed 12, 753. (1933). 
L6s- (19375, | : (1937). pre See also Windaus, A., Sitzber, 

aw 

SU Picts {ah nh MO at hOB A — 

ar = —= ae 

hown by a comparison of the absorption spectra 

126 Jendrassik, A., Biochem. Z., 252, 205 (1932). 

127 Lucas, N. S., Biochem. BE, 2; 132 G93ej: 

p> Hor detailed reviews, see Lettré, H., Annalen, 511, 280 (1934); Callow, R. K., Scr J. Roy. Coll. 

Sci., 4, 41 (1934); Rosenheim, O., and King, H., Chem. & Ind., 196, (1934); 699 (1935); Nicola, O., 

Rev. Med. Latin-Am., 220, 358 (1934); 231, 279; Chem. Abs. , 8075 (1935); Linsert, O., Med. 

Chem. Forschungstatten I. G. Farbenind., 2, 281 (1934); Rygh, O., Tids. Kjemi Bergvesen 14, 26 

(1934) ; Windaus, A., E. Merck's Jahresber., 50, 3 (1936); Ruzicka, L., and_Goldberg, M. W., Helv. 

Chim: Acta, 18, 434 (1935); Schmidt, O., Ber., 68B, 1658 (1935); Heilbron, J. M., and Spring, Ee Se, 

Chem. & Ind., 795 (1935); Current Sci., 5, 69 (1936); Fieser, L. F., ‘Chemistry of Natural Prod- 

ucts Related to Phenanthrene,” Reinhold, and. ed., 177 (1937); Heilbron, I. M., Chimie et industrve, 

39, 19 (1938); Bills, Cc. E., J. Am. Med. Assoc., 110, 2150 (1938). 

129 Guiteras, A., Annalen, 494, 116 (1932). 

_ 180 Dimroth, K., and Moller, E. F., Ber., 68B, 539 (1935); Heilbron, [. M., Spring, F._S., and 

Stuart, P. A., J. Chem. Soc., 1221 (1935); Haslewood, G., and Roe, E., J., Chem. Soc., 465 (1935). 

_ 381 More recent proof is due to Burawoy, A., J. Chem. Soc., 409 (1937), and Heilbron, IT, M., Mof- 

fet, G. L., and Spring, F. S., J. Chem. Soc., 411 (1937). 
. 

182 See, however, Callow, R. K., and Young, F. G., Proc. Roy. Soc., 157A, 194 (1936). 

pidl oe and Snow 125 recently showed that 

longer Es ote by the wave-length 2650A, but is ; 
ve-lengths. The decomposition is independall 

/ Spectroscopi : . 7 

ol without passing throu pic evidence by Dim- — 
: gh lum 

preuss. Akad. Wiss, Physik-math. Kl, No. ier 0h 
125 Bowden, F. P., and Snow, C. P., Proc. Roy. Soc., 115B, 261 (1934) 
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_, ergosterol, 22-dihydroergosterol, 7-dehydrocholesterol and 7-dehydrositosterol. 

Ce, tha A yocalciferol and isopyrocalciferol differ from ergosterol and lumisterol in having 

7 different steric arrangement at Cg. The irradiation of the pyro- compounds 

a averts the conjugated system into a system of isolated double bonds, which 

“ay again be converted by heat into the original conjugated system. No steric 

Tearrangement occurs at Cy. Instead, a double linkage is shifted from ring 

B to ring A. 

~ Fuchs and van Nieker 

of dehydrolumisterol and deh 
the change i _ dehydroergosterol, and by other 
Aira ae a pines occurs at the methyl eee decries ae 

tion products to dofabing: ani ae Dimroth attributes the fnabiitty of ii Persist 
group at Cy» produced ; with digitonin to the spatial arrangement of € irrag:. 

A tmidist-sléehifcant i the first transformation of the series. or the Methy, 

equivalent of four doub fatten Lettré 135 showed tachysterol to : 1 
of title, reducing the ee This could result only from he a the 

time it was believed ae er of rings in the system from four to th © Opening 

ig reformed. eel ay, the conversion of tachysterol to Ds a ia For 4 
genation products which tl it was not possible to obtain crystallin ourth ting 

ever, it was established th ‘a 4 yield information as to the number of tj © dehydrg 

apne perbenzoic acid ie ober eg aa en double bonds by nydropall r ‘ 
its double bonds in a conjugated s er showed that it contained ation 

location of these bonds J ae ed system and differed only from tach three of 

henakine of + onds. Jkosenheim and King 188 were of lysterol in ¢ b 

C(10 ie arn as : ae be fenty talon ae took place arte a the 

mation of a ten-membered ring. This vj and 
e based upon x oT -ray evidence of Bernal].1 r ae 

4 
al 39 

° e WwW Vo 

similarity of the unit cells of all aa which appeared to indicate an essen 

molecule not be; he irradiation product 
eing affected by the intramolecular pre ae oS of the 

or that thig is incorrect and that it is th 
furnished b it it is the bond between positions 9 and tah 3 
Beate pee aoe ence Heilbron and Spring 140 by th iain a prokg Was 

aa a 2 n this work it was established that ther y ot the products 

: etween positions 5 and 6 Tee ee oS a double 
e, Windaus and 

k 144 observed that crystalline Dg kept in air in dark- 

ness undergoes some changes involving the development of a yellow color and the 

Noss of ultraviolet absorption. Little is yet known regarding the structure of 

# rasterol II or of the substance 248 (toxisterol). The structures of the various 

iradiation products are summarized by the following formulas: | 

CyH,7 CoHy7 

HO HO 

Ergosterol 
Lumisterot 

CoHy7 

pyrocalciferol and i ; 
1sOpyrocalif.. 

of a double b : 1 142 «3 allt 
ond di } osure since ( 

sappears. The process occurs in such a a € equivalent 
anner as to 

Dz (Calciferol) . 
Tachysterol 

bonds in tachysterol are perhaps still uncertain. « If 

tamin Ds is as indicated, it is conceivable that the 

absorption of light by tachysterol involves the liberation of atomic hydrogen 

which later adds on again at position 9. It would be interesting to learn whether 

its presence could be detected during the photochemical process by the aid of the 

para hydrogen conversion. Grundmann gives evidence for proposing that the 

double bonds in tachysterol should be placed as shown rather than in the positions 

B10: 5,6 and 7,8.1* 
| 

Recently, attention has been paid to the effects of irradiation on the surface 

pressures and surface potentials of unimolecular films of ergosterol.146 The 

evidence indicates a change in the shape of the molecules as the irradiation pro- 

The results were attained before the structures indicated above had been 

The positions of the double 

the conversion of this to vi 

ether yields ; photopyrocalcif ; iiuvinclictersl Sct man and isopyrocalciferol similarly gives a photo 
double bonds between Cs and C, a 

Sag as 
ne ai K., Ber., 69, 1123 (1936). 
elm a. = and Dimroth, K., Ber., 70B, 376 (1937) 
i oe pei a eee Sil, 280 (1934); Angew. Chem a7 7 

ubn, R., and Mller, E, F., Angew Chides 47 oe ae. . 3 47, 934). 187 Miller, M., Z ; 
2 *9 ° h 

G., Fernholz, E., and. Stoll, We” i pad. B00 eS pgraholz, E., Annalen 
Spring, F. S., Natu j Poe bs ae: re, 135, 1072 (1935); Wine 138 R ; 2s ); Windaus, A. : ; 

osenheim, O., and King, H., ‘Chem. & Ind., to aus W.» Annaien, 521, 160 (1938). 7 determined and they have not been correlated with them as yet 
° 

tk 

e 

139 B 1 

701 (1938). 3. D., Nature, 129, QUT (1932); Bernat J D 
a 

» J. D., and Crowfoot, D., Chem. & Ind., 54 1 There has not as yet been achieved a direct synthesis of Ds. Natelson and 

| Gottfried, however,1#7 have synthesized 4--phenylethylindane, the structure pro- 
140 Heilbron, I : 

corroborated by ref eyed, Spring, F. S., Chem. & Ind., 795 (1935). The W is . e Windaus structures are ; 
posed for. the calciferol nucleus. 

L., and van Niekerk, J., Biochem. Z., 277, 32 (1935). 

oth ctometric studi er recent work of Heilbron, I va fea a 533, 255 (1938)], as well ; 

zi ? *9 ing, 
2 we as Bie 

1445 Grundmann, W., Z. physiol, Chem., 252, 151 (1938). 

146 Fosbinder, R. J., Proc. Roy. Soc. 139A, 93 (1933); Danelli, J. F., and Adam, N. K., Biochem. J., 

(1938)]. 
; 

- 8., and Swain, G., LJ. Chem. Soc., 869 

28, 1583 (1934). 
S. P., J. Am. Chem. Soc., 58, 1432 (1936). 

ceeds. 

144 Fuchs, 

J. Chem. Soc., 905 9 , 29 
a 

W 4 9 > V (& > *9 and Depp 9 | 
aa i pee 239, 143 (1936). 

usse, iP., Z, ] physiol. Chem., 214, 211 (1933); Miiller, M., Ibid., 233 223 (1935) > “2 > i 

> J =. > amant, e. nd S 

) ° si 0. ° h M5 2. 9 ; 
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The activation energy of the conversion of ergosterol into D, 
been calculated from quantum mechanical considerations.148 

The activation energy sets the long wave-length limit for the CONVersign 
there is merely the breaking of a C—H linkage on Cig followed by a mio.. 

| n also function as a provitamin, although ar esaglirecuar ead re ae 
oro), C4 d ; _thirtieth that of Ds. is means tha oul ae uct is but one-thirtie 2 . 
Been ee side chain does not play a part in the sequence of cas 

pond in the case of ergosterol. This observation was made before the 90 

3 £ the forma- aire ae STatig change discussion of the mechanism o of the hydrogen atom to the carbon in position 9, the activation energy is he pyidence ppeaeated ee the apes that it might be possible to prepare an kcal. which agrees well with the usually accepted long wave-length lim ~ . f De. It led to g e : 

Oe hitic substance from cholesterol could there first be introduced into th 

le a double bond in position 7, 8, thus rendering the molecule ee 
molecu oy ergosterol in the features essential to the conversion. is oe 

po B ished by Windaus, Lettré and Schenck,!°* who succeeded in prepar : 

es BF ate of 7-dehydrocholesterol. The product otf its cldenic geierS ipsa 
1 ; iti roximately ha a had a high antirachitic potency, app that 

ence ; ch ergosterol. This work provided a justification of the habe ne 

prod a raised by a relatively few earlier workers to the almost universally accepte 
; e i : 

t a that ergosterol was the precursor of the vitamin 1D. e4 

about 3100A. The authors considered many other mechanisms and found thal ; 
involving the least energy of activation to require 72 kcal. which woul Dlag 
the long wave-length threshold at about 3950A. The suggested mechanism dal 
not take into account the stereochemical change involved in the formation -¢ lumisterol. It may be that this requires a somewhat greater energy of activaya 
and sets the observed wave-length limit. a 

That a longer threshold than 3100A has not been experimentally observed may h, 
due to the failure of ergosterol to absorb the longer wave-lengths. If this is the 
case and the mechanism postulated by Sherman is the actual one, it might be Dos. 
sible to effect the conversion in a sensitized process. There have been a numpe. 
of observations of photochemical changes in ergosterol occurring in the presen 

the 

n | ini that a removal of the 
i ndrassik d Kemenyfhi 18 had been of the opinion 

| ein from a cholesterol preparation destroys an equilibrium between cholestero 
ovi 

y . q 2 4 . ° . They 
iti Senee pe ieee: ersion of more cholesterol into provitamin. of eosin and other sensitizers. The reactions observed, however, have been of Bod a provitamin oe ee the provitamin but suggested that it mich be an entirely different character.149 The reaction is a photooxidation, in wh} h had ae Honeywell and MacNair*” maintained that samples of cholestero 

ergosterol peroxide is produced. The reaction is inhibited by potassi a ae um Cyanide, Under similar conditions, ergosteryl acetate also yields a peroxide. The per- 
oxides are biologically inactive. In the absence of oxygen, white light in the 
presence of a sensitizer causes a dehydrogenation of the sterol, and there results 
a sparingly soluble substance, CsgHg,O., known as ergopinacol, which is biologi. 
cally inert. The study of these substances played a part in the development of the 
structural formula for ergosterol. Rygh159 found that in the presence of eosin 
sunlight causes a rearrangement of ergotetraene, melting at 97°C. to ap 
isomeric form, of slighty lower optical rotation. No peroxide was formed 
even in the presence of air. Windaus and Langer 1°! found that an alcoholic 
solution of 22-dihydroergosteryl acetate may be oxidized in the presence of 
eosin by a 500-watt lamp to a peroxide. The free 22-dihydroergosterol itself 
behaves similarly. Dimroth 152 also has shown that, in alcohol, dehydrolumisterol 
acetate reacts with eosin in sunlight to give a so-called pinacol, but that lumisterol 
and pyrocalciferol do not behave in this way. Dehydroergosterol acetate and 
isopyrocalciferol yield the same pinacol when treated in this manner. It differs 
from that 15° obtained from dehydrolumisterol. 

According to Montignie 154 sunlight does not influence the reactions of 
cholesterol with uranyl nitrate, silver nitrate, mercury oxide, iodoform or 
mercuric iodide. 

. terol, a view not shared . atable substance other than ergos , : 
| Se eraiels ord Steenbock 2 Koch, Koch and decegts E pape aga Sen pare 
OT) Id ligh tent be activated and that it mig bad | to a slight exten : on 
ae fe hentng it slightly above the ease Ne ae A ee iene 
“Ge hic studies that ordinary ntati ee ee eer rol 12a byt was more capable of activation than guid 2 

ane eb this ergosterol, so that some other activatable piace mus se 
j accounted aed time, these views attracted relatively little attention. ae om sie 

& tly called attention to a chemical method of obtaining retin ada eg Rae as 

Beiesterol by means of sulfur trioxide and ace iene: in nt fetaei te 
ac €: : lin acquires antirachitic 1 On rar ai le fraction of lanolin acquir : nia 
ete ound that the extraction of irradiated cholesterol with liquid ammo 

i j illigram of which gave complete pro- resinous material a quarter of a mi 1 gave 

4 Bion eeu rickets when incorporated in the McCollum rachitic diet. 

i 
. present. 

a 

The brilliant results of the ergosterol ee Ga ahaa at fe iia 
é ; rally believed that Dy was 1 - rol and it came to be rather generall that cee 

‘ the vitamin from natural sources. This view i aya americas 
— hitic animals of different spec difference in the response of rachii ‘: ! 

Bion of the antirachitic vitamin from various sources showed the non identity of 

DPD. with the natural vitamin of cod-liver oil.1% Hess and Supplee oie REA 

that chickens are regularly protected against leg weakness by the addition o 

156 The product has recently been isolated through the nitrobenzoate as crystalline D,., ‘Wheeden, and Trautmann, G., Z. physiol. Chem., 247, 185 (1937). BE ca 
#1 Windaus, A., Lettré, H., and Scher Ee oe 180 (1927); 201, 269 (1928). 158 ik, A., and Kemenyffi, A. G., Btoc oar se ; : , , 
159 nc E., Honeywell, E. M., and MacNair, W. A., J. Biol. nee: Ree ree 
160 au, S. K, Daniels, F., and Steenbock, H., J. Am. Chem. ee an pepe . 

161 ich rp C. Koch, E. M., and Ragins, 1. bid. Biol. Chem., i oe (1999) 

162 och, E. C., Koch, E. M., and Lemon, FenBee Biol. see ’ , 

162a Beiaally 7-dehydrocholesterol has a similar absorption lance eaVden Yat Thoin 

485-Yoder, L., J. Biol. Chem, 116, 71, (1936); Eck. J. C.. Thomas, B. EH. an Soe 
655 (1937); Bik, J. C., and De eae *tr997 (1932); Chem. Abs., 2) 1038 (1933). } . sper., ? : 104 De Caro, M., Boll. ee ets den pa Sci., 1, 23 (1929); Chem. Abs., 26, 3547 (1932). 

R. G.z°J. Colo A. D., New England J. Med., 204, 211 (1931); Chem, Abs.. 

OTHER ANTIRACHITIC COMPOUNDS 

Windaus and Langer 155 made the important observation that ergosterol in 
which the double bond in the side chain has been saturated, 1.e., 22-dihydroergos- 

12 Owen, J. R.,. and Sherman, A., J. Am. Chem. Soc.,. 59 763° £1937). 
149 Windaus, A., Borgeaud, P., and Brunken, J., Nachr. Ges. Wiss. Gottingen, Math. Physik Ki:, 313 | (1927); Windaus, A., and Brunken, J., Annalen, 460, 225 (1928); Windaus, A., and Borgeaud, P., Annalen, 460, 235 (1928); compare Meyer, K., J. Biol. Chem., 103, 607 (1933). . 1450 Rygh, O., Z. physiol. Chem., 185, 99 (1929), 
151 Windaus, A., and Langer, R., Annalen, 508, 105 (1933). - 
162 Dimroth, K., Ber., 69B, 1123, 1631 (1936). 
168 Windaus, A., and Dimroth, K., Ber., 70B, 376 (1937). 
154 Montignie, E., Bull. Soc. Chim., 1, 290 (1934); Chem. Abs., 28, 5466 (1934). 
155 Windaus, A., and Langer, R., Annalen, 508, 105 (1933).. 

165 Gustavson, 7 
166 This work was reviewed by Holmes, 

meee 61982). Proc. Soc. Exptl. Biol. Med., 27, 609 (1930). ! 167 Hess, A. F., and Supplee, G. C., | 
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| . amount ine half an hour with hot ethanol equivalent in rat experiments to many times this amount of vitamin Dat Se jesterol had been seman til ees with charcoal, similar 
however, to afford protection. In experiments on White Leghorns, Masser ii D egining potassium lee ei is d irradiations of cholesterol with removal and Nussmeier 168 found it necessary to administer a quantity of itra a 4 results were obtained. epea s€ the gholestecals 
ergosterol equivalent by rat assay to 200 per cent of cod-liver oil in ‘7 

P i ilit 

os getivated. product gradua ly ceperien ue ae ee the provitamin. et : t the cholestero . Me t.> that it was no : f purified cholesterol the ,gicatins | irradiated in the presence of pu : a i ergosterol was ifr bi Iting from the irradia when ¢&ts 4 e effective than that resulting Has pili olka oa ed was no mor ; : icating ita io osterol alone. ‘These experiments were nent ~ hae: “I 

jon 0 . crude cholesterol a provitamin other than ergostero ‘ | 
hh from 
hat - yielding a vitamin more potent to chicks than that obtainable 

produce the effects which could be produced by a 2-per cent (by call a 
addition of cod-liver oil. Similar results were reported by Mussehl ang ‘< son.169 In the many subsequent confirmatory observations, which neadi i 
be discussed in detail, it was suggested by some that the presence of Vitam} 4 
in the cod-liver oil might by a synergistic action account for the greater effects 4 ness of the natural over the artificial vitamin.170 This, however, . was sh : not to be the case by Russell and Klein,171 and the Opinion that the vitamin | ee ther than ergosterol itself could be cod-liver oil is different from the artificial vitamin was shared by Billet Pqn crude ergosterol no Eee a Wirick,177 in analogous experiments. Thus there appeared to be two forms of the vitamin (but this number has sia tarected by Bills, Massengale, McDonald an us. also stimulated the been increased). Amounts of the two that were equally effective for the rat wil . rther evidence, now known to have been ibe i x. eit “apith “Chats not equally effective for the chicken, far less of the natural than ofa a eo ation of the non-identity of the vitamin in Cod | from cod liver oil artificial vitamin being required for that species.178 ine ted ergosterol. Rygh?% concentrated the vitamin The human seems intermediate between the chic . Hess, Lewis and Rivkin 174 found that about thr abou 

spgosterol. 

i no absorption k and the rat in its reg 20,000 times and concluded the active product to show 
Pons : ties also differed ee rat units of an ergogte. maximum between 2600 and 2/004. i prieigiblr ec ine reeorer sai Seanes 

preparation are clinically equivalent to one rat unit of cod-liver oji].175 Drake 1% 4 om those of Ds, which led him to conclu 
however, has found no essential difference in their effects _ Bt i vi rption studies of a 

ee grder1% reached similar conclusions from ultraviolet absorp | 
; —n 1 h liver oil. ‘pide 

a eee crude cholesterol is destroyed during a aie pe 

Me dibromide The provitamin content of the purified apa yng aed 
through i Wee by heat treatment, according to Hathaway and ie aera 
he Pan rlier observation of Hathaway and Koch 18 who THESE et faa thin 
Beeemc® ah <a At 300°C., however, the provitamin is materially destroye ie ‘i 
ture tes rovitamin was formed in the cholesterol fractions Y ot 

9 a et ‘ifficultly soluble in alcohol. There was no evidence oe A 

ee ve a ergosterol during the heat treatment and the vitamin pro ai 

Beetion ‘aed iG its effects on the chick more similar to ae na aah 

a econ than that obtained by the irradiation of ergosterol. A fen 

ae ie heated purified cholesterol were observed by if ae a Let 
oe ho also showed that the provitamin is one which yiel ta ae 

tee at te that of the fish oils. They also observed that irradiated PaaS ge 
‘ Bective for chicks than irradiated animal fats, thus al i ie 

Bie attention upon a derivative of cholesterol as the natural provitamin. 
vi cetate 

By use of adsorption methods applied to a s au eee aa Wik and 
‘which contained 4.5 per cent of the new provitamin, ae ee achive aiathSediteae | 

van Niekerk 183 sticceeded in isolating the provitamin, ne its identity with 7- 
saponification, as the free sterol. It was Acie es of the samples, and 
dehydrocholesterol; both by a comparison of the properties of similar chromato- 
by their biological activity after irradiation. By the use 

Probucts RELATED TO CHOLESTEROL AS PRECURSORS OF THE NATURAL DP, 
Waddell 176 as a result of extensive studies dire 

the great effectiveness of direct irradiation of the chick in comparison with t} 
effectiveness of irradiated ergosterol, suggested either that the course of + 
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d 
are of some of the mothers. A number of German workers eae 

. ' the kidneys. ‘These observations stimulated a great num 

§ which but a few need be cited.?4t 

tion in terms of the ergosterol used. Such solutions retained their ... ° ° e d ° act} unchanged for two years if maintained at or below 0°C. ; 
In practice, cod-liver oil was checked against this standard anq 

ge! 

; r Bors, © : ned 242 as the smallest amount which, to contain a definite concentration of the vitamin in terms of the stall . toxic ne oe eerpnee ae an ee 2.5 gm. in weight 

Unfortunately, much confusion arose in regard to the strength of the col ; s daily for a ars men ee pein eee ae in the adver, 

oil adopted as comparison standard. The system of the British Medical Resa Bio dic. Mice ae ae cat dose and the mouse calcification factor 
Council called for a cod-liver oil containing 100 units per cc. This was alia he ratio between i sac ndex of an irradiated ergosterol preparation. 
by the League of Nations to 100 units per gram, the strengt ) considered the therap h adopted in 1 

\ ider ifferences between the — 
U. S. Pharmacopoeia in 1934. The Steenbock system used a evident that there were considerable differe 

a seat standard ee 500" tox doses of variously irradiated preparations. With haere to contain 37 units per gram and the Holmes system (employed for a time by 4 atirachitic and ae ee each spectrographic study of the 
American Drug Manufacturers Association) one with 350 units per on he margin of satety Ww ie a coparent oni Hie nwae the casey -- Tt was pre- 
Still other systems have been used in other countries.230 | 4 Mediation process soon na +244 which directed that the irradiation be continued The present vitamin D unit 231 is equivalent to 0.025y of calciferol. Ered according to a paten 

Bills*82 considers that the smallest dose which can be relied on to Drey, 
rickets or to heal mild rickets in infants is about 3000 international units (Ly 
per day in the form of irradiated ergosterol or 1000 I.U. in the form of cod4iy 
oil. The Council on Pharmacy and Chemistry of the American Medical Asggoes tion 783 adopted the name Viosterol to designate irradiated ergosterol and Vioster 
in Oil to designate a preparation containing the substance dissolved in oi] 4 qualifying phrases 100 D, 5 D, etc. were added to the label t 
as a multiple of the potency of good cod-liver oil. 

The successful use of large doses, 10 to 20 drops daily of viosterol, in 1: 
rickets was described by Shelling and Hopper.?84 Spence 285 found calcifero]_ 
effective as cod-liver oil or irradiated ergosterol in human rickets. One ce, 
a solution containing 3000 units, administered daily, produced a maximum curaty 

effect. — 
Recently, there has been much discussion as to the effects of variations in t 

calcium and phosphorus of the diet given during the administration of 4 
vitamin, but this cannot be considered here.236 ] 

Toxic Effects. Hypervitaminosis D. About 1928, it became evident th 
irradiated ergosterol preparations may exert toxic effects.287 Particular 
dangerous properties were ascribed to the imported Vigantol.238 After ¢ 
administration of large quantities of this material to rats, Herzenberg 2 
observed a necrosis in the smooth and striated muscles, followed by a depositic 
of calcium in the necrotic areas. The deposition of calcium was observed in th 
heart muscle and in elastic muscle fibers of blood vessel walls but the change 
were different in character from those of arteriosclerosis. Schoenholz 240 foun 
that pregnant rats which had received an overdose (10 mg. of Vigantol per day 
lost their appetities and became sick. The fetuses were resorbed in utero or aborted (928 bye Pucca, W., Z. Kinderheilk., 48, 269° (1929); Klausner-Cronheim, The live young were very small and usually died. Calcium deposits were observed he. o.oo 6, 1866 (1930). : - Miinch. Med. 28 Holtz. F. Lacquer, fr, Kreitmair, H., sat a ae ee Lis gals Ey (1931); M 

729 See Bills, C. E., Physiol. Rev., 15, 1 (1935). - Wochschr., 78, 1688 (1931); Sa ata Poe ae 94, 129 (1931). *3. Quart. Bull. Health Org. League of Nations, 3, 428 (1934). 48 Gottche, O., and Kellner, oe is ee an ee. Fi 282 Bills, C. E., Physiol. Rev., 15, 1 (1935). eee 7702093, Nov. te. B, Brace, H. M., Callow, B, K. Philpot, J., and SC aay SF, dim. Med. Assoc, 88 693" (1929), pi sion, F. A, Bourdon, 8, By Bewes, Me Mis Cal RR HRS Thug aad, S08 1982) *84 Shelling, D. H., and Hopper, K. B., Am. J. Diseases of Children, 47, 61 (1934). a? ea’ y B., and Davies, D. R., Brit. J. Exptl. Path., 14, ? “Spence, J. C., Lancet, 225, 911 (1933); Chem. Abs., 28, 5503 (1934). hore ; 236 See Bruce, H. M., and Callow, R. K., Biochem. J., 28, 512 (1934). 

: i Ibid., 25, 367 (1931). d, J. b., 1928); Harris, L. J., and Innes, J., ; aie 

| Be eer Sincciben, E., Z. phos Chem. 181, 3 (1930); Windaus, A., and Auhagen al > 1tZ, L., Te an 197, 167 (1931). | 237 Wurzinger, S., Klin. Wochschr., 7, 1859 (1928); Chem. Abs., 24, 3042 (1930); Reyher, Pa ang -. physiol. Chem., 196, 108 Bla ead e és. 2. dieceh Chem., 202, 246 (1931). pees 
Walkoff, E., Miinch. Med. Wochschr., 75, 1071 (1928); Chem. Abs., 23, 4728 (1929); Kreitmair, H. * Windaus, A., Busse, P., an ae: (1931); Deut. Med. Wochschr., 57, 243 (1931); . , Minch. Med. Wochschr., 75, 637 (1928); Lasch, F., Klin. Wochschr., 7, 2148 (1928). “8 Laquer, F., Klin. Woch., 10, : 

8 Hess, A. F., and Lewis, J. M., J. Am. Med. Assoc., 91, 783 (1928). _ 
239 Herzenberg, H., Beitr. Path. Anat., 82; 27 (1929) a Abs., 23, 4725 (1929); (Sclerosis ir 

936). : 

: hschr., 56 
i Naturwiss., 17, 876 (1929); Kisch, E., and Reiter, T., Deut. med. Wochschr ’ 

Man), Gerlach, W., Miinch. Med. Wochschr., 83, 49 Ci 
40 Schoenholz, L., Klin. Wochschr., 8, 1257 (1929); Chem. Abs., 24, 890 (1930). 
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Bourdillon, . ltz and Schreiber 246 believed that the true vitamin whe 

. roe and attempts were made to employ partition bare 

isolated . Fone and various chemical procedures for separating the ae 

ee hitic fractions. The failure of these attempts and ae mie ree toxic and Sad toxic properties led Windaus, Busse and Weidlich “*! - ag - 

ae ais possesses toxicity. It was found possible by eee — 
that the ) tirachitic activity without lessening the toxicity, but ire eae 

a os B scible The English workers ee eh ae eae ite 
verse W : : : - { to i: pita 
fe in mice to the curative aes = nes esa eas att diet Hh claiming ) 

D, has toxic properties prove longer than 2800A produces a non-toxic 
that irradiation with axe lenge: oe { h lone wave-lengths lessens iro duct.242 It is, of course, true that the use od - oe ne bbe tera diatiGh. 

- the danger of the production of the toxic Ss seta b oS Nica Gab oe 
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‘thermal decomposition products are highly toxic. : enerse 
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| ‘th 20 to 50 times the ordinary 
: no ill effects were noted with nd 

pin ees Poncher Dale and Klein,2®5 other than a tendency to ita 2 

ses 4 Bali. In patients with tetany no toxic effects were noted wit eon 
2 

A review of the nature of the toxic effects of D, and of cod-liver ij a given by Agduhr, Blix and Vahlquist.251 A fatal case in a child has been q “8 
by Thatcher.252. Ham and Lewis 253 found that large doses of vitamin «°° : 7 Ol 266 5 ‘eves that in man toxic effects begin to ei bee to normal young rats interfered with the processes of bone calcifica g mes ee ny dove, th ie when 600,000 LU. of properly irradiated 
actually produced rachitic lesions. They suggested that the action ma " , 200 times ‘ven daily over several weeks. Rappaport and Reed gave 3 ooine 
increase the attraction of the blood for calcium. Baumgartner, King and Pag rgostero! are ae Feiss 1b O00) Dr aun, lemoquintorlosntelnian million . Pea 
found overdoses to produce softening of the skeletal framework of rabbit, ag Bol 4 F honeh this was 2,760,000 I.U. or 920 times the ordinary thera- 
low bone phosphatase. The ratio of calcium to phosphorus in the bona - er gram. = isoning was produced. The largest recorded human 
affected according to Kramer, Shear and McKenzie.255 a eames et 6000 times the ordinary dose, produced hypercalcemia, but no pathologica 

lose, 267 Matcation of tissues. -vitaminosis.2°8 
Be essive doses of fish-liver oils are less apt to produce ee a let 
ation to Tuberculosis. Because of the remedial effects ot ultraviole 

Re 

That the hypercalcemia alone is not responsible for the toxic effects 
compatible with life, is the belief of Taylor, Weld and Sykes.256 

It is generally found that the hypercalcemia may be pro 
calcium diet, some claiming at the expense of the bones.257 

duced even on a 
| made of the effects Daily subcutaneous injections of irradiated ergosterol produce loca] calcifiea -radiation of tuberculous epee oye aan as aera ities action may account in the subcutaneous tissues, according to von Brand and Holtz. Calcificatios ¢ vitamin D in that disease in order aie calcifying action of the vitamin might the kidneys is less than after the oral administration of the same doses.258 4 the effects of general ed, eatment of the disease.26® Simonnet’ and general, after a toxic state with calcium deposition has been reached, me expected to be of value in the tr 

_ discontinuance of the administration of the vitamin leads to a 
increase 

= avet 27 found large doses of irradiated ergosterol to cause a notable 
Panre 

dogs tog i ion 1 rabbits. In chronic tuberculosis the 
. pulmonary calcification in tuberculous process and the repair of the lesions.25® Both human subjects and dogs ugy: 

survive 20,000 to 30,000 units per kg. per day for indefinite periods, in 
it is agreed by many that 10,000 times the minimum antirachitic dose jg 
lethal and several say not harmful.26° Bills and Wirick 26 found 1000 times oy 
dosage to be just perceptibly harmful, 4000 times overdosage to be defini 
injurious and 40,000 times overdosage strongly toxic. Harris and Moore 
found a 100,000 times overdosage rapidly fatal, and Collazo, Rubino and Va 
Fuentes 768 found 50,000 times the normal dose fatal within six weeks, Young. 
and puppies remained normal with doses up to 1000 times the minimal effec; 
dose according to Cartland, Speer and Heyl.264 — 

“19+ less favorable results on rabbits primarily infected but found oe 

- hat immunized rabbits. Meersseman and Tricault ou 
Its in a. igs given vitamin D to live longer and have less severe 

* ae Ge patel They also reported improvement In Eph eer: 5 il] 278 sted a diet high in vitamin 

Het agoitoneat tuberculosis. Long’ agreed. that viosterol ty” mouth 
acreases calcification in experimental tuberculosis. : ta thee 

4 Many of those who obtained oa aN Rr Ree ae NTA RM 
e.. i ose : : 

eels 4 ain Wise pera eee less distinct results in experimental avian 

¥ a bisine tuberculosis. Poncher and Gasul 27° drew no Soca ae 
n in frect of moderately large doses in tuberculous children, but be ieved © 

We itary effects of such therapy unfavorable. Negative results in intestina 

9,275 

*51 Agduhr, E., Blix, G., and Vahlquist, B., Uppsala Liékdareforeningen, 39, 304; 40, 183; Chen 29, 8145 (1935); for the pathologic anatomy, Duguid, B., Lancet, II, 983 (1930); Barr, D, Physiol. Rev., 12, 593 (1932); Nitzescu, I. I., and Bratiano, S., Compt. rend. soc. biol., 121, 1533 (19 
252 Thatcher, L., Edinburgh Med. J., 38, 457 (1931); Chem. Abs., 25, 5446 (1931). e 

*™ Ham, A. W., and Lewis, M. D., Brit. J. Exptl. Path., 15, 228 (1934); Chem. Abs., 28, 7301 (19. 
#4 Baumgartner, L., King, E. J. , and Page, I. H., Biochem. Z., 213, 170 (1929); Chem. Abs., 403 (1930). i 

; 30). 
8H J. H:, Poncher, H. G Dale, M. L., and Klein, R. I, J. Am. Med. Assoc., 95, 316 (1930) 
265 Hess, J. a es é ey ’ R B. Z., and Reed, 
26 Reed, C. I., and Seed, L Endocrinology, 17, 136 (1933); but see BT Ap OF es A k= 28 Reed, C. l., 2 ue 

*5 Kramer, B., Shear, M., and McKenzie, M. R., J. Biol. Chem., 82, 555 (1929). 
*66 ‘Taylor, N. B., Weld, C. B., and Sykes, J. F., Brit. J. Exptl. Path., 17, 104 (1936). For 01. 105 (1933) . effects of small doses of concentrated preparations on the blood calcium and phosphorus of monk C1, J. Am. Med. Assoc., 101, Exptl. Biol. Med., 31, 747 (1935). see Cowdry, E. V., and Scott, G. H., Arch. Path., 22, 1 (1936). : A " 27 Spies, T. D., and Hanzal, R.. F., Proc. Soc. 7 Biol Chow 120, 85 (1937); Martinelli, A., 7 Soeur, R., Arch. Int. Med. Exptl., 6, 365 (1931): Chem. Abs., 25, 4588 (1931); Jones, J. Ys 288 Morgan, A. F., Kimmel, L., and Hawkins, N. ig ronetticd 87, 82; Chem. Abs., 31, 7951 (1937). and Rapoport, M., J. Biol. Chem., 93, 153 (1931); Jones, J. H., and Robson, G. M., Ibid., 91, Probl. alimentare, 4, 1 (1934); Ber. ges. Physiol. exptl. I Veterans’ Admin., 10, 141 (1934). (1931); Thoenes, F., Jahrbuch Kinderheilk., 126, 348 (1929); Chem. Abs., 26, 501 (1932); Jal 4 200 Th biect has been reviewed by. Guilbert, G. D., Med. a (1930) ; Hildebrand, CG, J.» Lotds 2k Kinderheilk., 129, 171 (1930); Jones, J. H., Rapoport, M., and Hodes, H. L., J. Biol. Chem., + The subjec nd Davidson, D., Am. Rev. Tuberc., 22, 3 647 (1930); Wiskott, A., Z. Kinderheilk., 49, 79 (1930); Chem. Abs., 26, 4362 (1932): Kern, “See also Kaminsky, J., a Montgomery, M. E., and Stiil, | ae eae 2 Biol. Chem., 93, 365 (1931); Cole, V. V., and Koch, F, 53 (1930). T t. G., Compt. rend., 190, 1526 (1930). 9172 Ibid., 94, 263 (1931); Hess, A. F., Benjamin, H., and Gross, J., [bid., 94, 1 (19315; Pozzi, Lay _ *%0Simonnet, H., and Tanret, G., A klin. Tuberk., 73, 351 (1930); Chem. Abs., 25, Preto, E., Biochem. terap. ‘sper., 18, 397 (1932); Chem. Abs., 27, 1667 (1933); Kletzien, S. W. 1 Pfannstiel, W., and Scharlau, B., Bettr. f Templin, V. M., Steenbock, H., and Thomas, B. H., J. Biol. Chem., 97, 265 (1932); von Euler, (1931). and Rydbom, M., Biochem. Z., 249, 141 (1932); Popoviciu, G., Jahrb. Kinderheilk., 132, 286 (193 

Chem. Abs., 26, 3013 (1932). 

*8von Brand, T., and Holtz, F., Z. physiol. Chem., 195, 241 (1931). 
759 Steck, I. E., Deutsch, H., Reed, C. I., and Struck, H. D., Ann. Internal Med., 10, 951 (19: von Brand, T., and Holtz, F., Z. physiol. Chem., 185, 217 (1929); for storage after massive do 

see Heymann, W., J. Biol. Chem., 118, 371 (1937). 
760 Rosenheim, O., and Webster, T. A., Biochem. J., 21, 389 (1927); Light, R. F., Mille 

: : 5 Aires, I, 595 (1931); Chem. Abs., 25, 
22 Meersseman, F., and Tricault, G., Semana Med. Buenos Atres snes 

Bsn Be and Berryhill, W. R., Am. Rev. Tuberc. 26, 275 (1932); Chem. Abs., 2, 
D4 Long, E. R., Proc. Soc. Exptl. Biol. Med., 30, 1090 naa Grayzel, HH. G., Shear, M: T.o:ane 
_* Simonnet H., and Tanret, G., Presse Med., 39, 932 (193 ); Grayzel, te) Ges 

i idson, D. L., Ibid., 24, 483 
et 106 (1931); Kaminsky, J., and Davi : me 

| ay? - IR ig tpi 78, 666 (1931); Chem. Abs., 26, 6012 (1932); Zeyland, J 
and Frey, C. N., J. Biol. Chem., 84, 487 (1929). a aR. 

i . Ann. Int. Med., 9, 
Piasecka-Zeyland, E., Tubercle, 17, 198 (1936); Se a eat es We ges | 

*61 Bills, C. E., and Wirick, A. M., J. Biol. Chem., 86, 117 (1930). 1393 (1936); Loewen, D. F., and Oatway, W. H., J. i" ee? on 
202 Harris, L. J., and Moore, T., Biochem. J., 22, 1461 (1928). a | 76 Haubold, H., Z. Tuberk., 67, 247 (1933) 5 ‘Chem. A o ss (abd tyn FA FDS CASS 
*%8 Collazo, J. A., Rubino, P., and Varela Fuentes, B., Biochem. Z., 204, 347 (1929). 21 Spies, T., and Walker, T. T., Am. Rev. Tuberc., 64, Be renee Sal mt aasendindel 

Pa ane G. F., Speer, J. H., and Heyl, F. W., J. Pharmacol., 36, 619 (1929); Chem. Abs. "8 Poncher, H. G., and Gasul, B. M., Am. Rev. Tuberc... 30, . 
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syofution of tubercles was checked. Pfannstiel and Scharlau 274 reported some 
eyolutio 
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tuberculosis have been reported by Steinbach and Rosenblatt.279 
favorable evidence for the use of irradiated ergosterol in tuberculosj 
found in the following papers.28° 

DeJust #81 reported the cure of two cases of tuberculous os 
fistulas after a score of instillations of viosterol into the fistulas. 

Other Effects. Mellanby 25? called attention to the fact that exposure 
puppies on a moderately defective diet to the rays of a mercury arc had a a. 
ficial effect upon the calcification and structure of the teeth. If the diet. am 

4 extensive study, was unable to detect any effect of a deficiency in vitamin 

S is also to 4 Moon the ability of animals to produce antibodies or to resist infections. This is 

q o the conclusion of Hess.?9® | 

" twithstanding these generally negative results, there have been papers pur- 

| i to show that D increases the resistance to infection. Robertson and 

a found rachitic rats receiving B. enteriditis orally showed a 5 per cent 
al when the diet contained non-irradiated and 30 per cent survival when it 

teitis 

) ah oe, due ey ts we , ‘rradiated whole wheat. Similar effects also were described as 
very bad, however, the calcification became poorer on irradiation. Later, Mellon 0: tained os ‘radiation of the rat through Vitaglass. Koboshi 298 found sub- 

and Pattison“ found ia cereal-free diet ‘rich in, calcium and vitamin D p ee injections of staphylococci to produce more serious effects in rats 
almost eliminate the initiation and spread of caries in children. Simm yitanieous § vitamins A and D than in normal animals. Doses of Vigantol 

a 4 the appearance of abscesses. Choun 299 believed a high-vitamin diet to 

ce the resistance of guinea pigs to diphtheria. Pfannenstiehl °° noted 

cased germicidal power of the blood for typhoid organisms in D avitaminosis. 

id ler 301 found skin wounds to heal more rapidly when an irradiated ergosterol 

a - was applied directly. Pritchett 9°? believed the resistance of mice on a 

diet to infection with paratyphoid bacillus or mouse typhoid bacillus to be 

Bee ced by the addition of butter fat, cod-liver oil or by the use of irradiated milk. 
a has been suggested that viosterol may be of value in the treatment of as 

soisoning, since in cats large doses increase the excretion of that metal. ’ 

" Trradiated ergosterol is also asserted to increase the thrombocytes | in va 

‘ad to reduce the coagulation time.?°* It, as well as ultraviolet irradiation, tends 

to produce an increase in the fibrinogen and a decrease in the SE ae con- 

: t of the blood of newborn infants.3% Leopold, Bernhard and Tow report the 

ids of the blood of children to be increased after Une ee: irradiation, 

hough the lipoid-phosphorus content is not changed. Nakae,2°? finds in rabbits 

hat the daily administration of 0.1 to 1.0 (Ges. 08 irradiated ergosterol preparations 

| decreases the serum cholesterol by about 40% in a month. Blood catalase is 

reased by small doses but decreased by an excess of vitamin D, according to 

satz.298 Feeding moderate amounts does not affect the glutathione level in 

> blood, but after toxic doses, although the number of red cells is increased, 

each cell has a reduced glutathione content.° Thane 

Tt seems well established that metabolism is increased by vitamin D. Han- 

vsky 319 found irradiated ergosterol to increase the oxygen consumption of 

favorable reports are due to Agnew, Agnew and Tisdall 284 and others 3 
Little evidence for a protective action of the vitamin against caries could he foul 
however, by Rosebury and Karshan 286 or Shelling and Anderson.287 Blackbere « 
Berke 78° noted a relationship in dogs between a deficiency in the vita 1 
certain changes in the pulp, enamel and dentine which are poorly ca 

The use of irradiation in the treatment of hay fever and asthma finds s 
firmation in the work of Rappaport, Reed, Hathaway and Struck,299 who 
that Viosterol, in large doses, combined with pollen injections is more 
than either alone. Rappaport and Reed ?91 found Viosterol without effect 
three cases of infectious asthma and two of urticaria, but it did protect . 
hay fever patients. Favorable effects of vitamin D on eczema have 
reported.292 : 3 

The ability of ergosterol to sensitize the pneumococcus to lysis by saponir 
destroyed by irradiation.293 : q 

Viosterol has neither antiseptic nor bactericidal properties.294  Greene2 

Icified: 
Ome ¢¢ 

obsery 
effect; 

Le 
oy A 

279 Steinbach, M. M., and Rosenblatt, M. B., Am. Rev. Tuberc., 31, 35 (1935); Chem. Ata 
4410 (1935). BY 

*80 Levaditi, C., and Li, Y. P., Compt. rend. soc. biol., 106, 169 (1931); Chem. Abs., 25, 3382 (19% 
Policard, A., Ravault, 'P., and Barral, P.,. Compt. rend. soc. biol., 104, 633 (1930); Chem. Abs. 
4916 (1931); Pachioli, R., and Mengoli, V., Bol. Soc. Ital. Biol. Sper., 6, 448 (1931); Chem 
26, 764 (1932); Haubold, H., Beitr. Path. Anat., 89, 633 (1932); Chem. Abs., 26, 5660 (19; 
Loewy, A., and Griininger, W., Z. Tuberk., 61, 317 (1931); Chem. Abs., 26, 6011 (1932); Crimm, P 
Am. Rev. Tuberc., 26, 112 (1932); Black, W. C., Desavitsch, E. C., Trevorrow, V. E., and Lewis, R. 
Ibid., 28, 699 (1933). 3 

81 DeJust, L. H., Rev. actinologie physiotherap., 6, 1 (1931); Chem. Abs., 26, 2793 (1932), 
282 Mellanby, E., Brit. Dental J., 45,545 (1924). : 
288 Mellanby, M., and Pattison, C. L., Brit.. Med. J., I, 507 (1932); Chem. Abs., 26,5127 (193 

Mellanby, M., Brit. Dental J., 62, 241 (1937). é ; 

#84 Acnew, M. C., Agnew, R. G., and Tisdall, F. F., J. Am. Dental Assoc., 20, 193 (1933); Che 
Abs., 28, 5103 (1934). a 

285 Anderson, P. G., Williams, C. H. M., Halderson, H., Summerfeldt, C., and Agnew, R 
J. Am. Dental Assoc., 21, 1349 (1934); Chem. Abs., 28, 7314 (1934); Fish, E. W., J. Physiol. 
272 (1935); Final Report of the Committee for the Investigation of Dental Disease, His M 
Stationery Office, London, 1936; Chem. Abs., 31, 3531 (1937); McBeath, E. C., Am. J. Public 
2, 1028 (1934); N. Y. J. Dentistry, 8, 217 (1938); Chem. Abs., 32, 5874 (1938); McBeath, E, 

296 ‘ land J. Med., 207, 367 (1932). See, however, Holm, R., Z. Immunitits, 

§ Me iosd); Chen rive | 7346. (1934). For a general review, see Clausen, S. W., Physiol. 

Rev., 14, 309 (1934); Robertson, E. C., Medicine, 13, 123 (1934). 

Robertson, E. C., and Ross, J. R., Proc. Soc. Exptl. Biol. Med., 27, 999 (1930); 28, 443 (1931). 
 ®8Koboshi, S., J. Chosen Med. Assoc., 23, 39 (1933); Chem. Abs., 28, 4453 (1934). 

9° Choun, C. K., Z. Immunitits., 81, 432 (1934); Chem. Abs., 28, 5505 (1934). ys 
80 Pfannenstiehl, W., Sitesber. Ges. Beférder ges. Natuwrw. Marburg, 67, 71 (1932); Chem, Abs., 

28, 5507 (1934). 
%Kemmlier, H., Mitt. Grenzgeb. Med. Chir., 43, 453 (1934); Chem. Abs., 29, 5927 (1935). 

© Pritchett, I. W., J. Exptl. Med., 46, 557 (1927). 
8 Flinn, F. B., and Smith, A. R., J. Ind. Hyg., 15, 156 (1933); Chem. Abs., 27, 3529 (1933). 
pete Phillips, R. A., Robertson, D. F., Corson, W. C., and Irwin, G. F., Ann. Int. Med., 4, 1134 

and Zucker, T. F., J. Nutrition, 15, 547 (1938). 

286 Rosebury, T., and Karshan, M., Arch. Path., 20, 697 (1935). 

287 Shelling, D. H., and Anderson, G. M., J. Am. Dental Assoc., 23, 840 (1936); Chem. Abs., 
5624 (1936). 

88 Blackberg, S. N., and Berke, J. D., J. Dental Res., 12, 349 (1932); Chem. Abs., 26, 5129 (19. 
#89 See also Templin, V. M., and Steenbock, H., J. Biol. Chem., 100, 217 (1933); Schour, is 

Ham, A. W., Arch, Path., 17, 22 (1934); Chem. Abs., 28, 2762 (1934). j 
790 Rappaport, B. Z., Reed, C. I., Hathaway, M. L., and Struck, H. C., J. Allergy, 5, 541 (193 

Chem. Abs., 28, 7361 (1934). 

291 Rappaport, B. Z., and Reed, C. I., J. Am. Med. Assoc., 101, 105 (1933). 

292 Comel, M., Giorn. ital. dermat., 76, 89 (1935); Ber. ges. Physiol. exptl. Pharmakol., 88, 59; CI 
Abs., 31, 8629 (1937). a 

293 Klein, S. J., J. Bacteriol., 26, 215 (1933). 

294 Montgomery, B. E., Proc. Soc. Exptl. Biol. Med., 28, 481 (1930). 

#5 Greene, M. R.,.Am. J. Hyg., 17, 60 (1933); Chem. Abs., 27, 1661 (1933)..: 

(1931); Chem. Abs., 25, 5210 £1931). | : 
7 Sanford, H. N. pees T. H., and Wyat, L., Am. J. Diseases of Children, 43, 566 (1932); 

Pd 

qem. Abs., 26, 3560 (1932); Babasaki, Y., Folia Pharmacol. Japon., 14, 1 (1932); Chem. Abs., 26, 

ee ia J. S., Bernhard, A., and Tow, A., Am. J. Diseases of Children, 43, 882 (1932); Chem. 

Me nN. J. Med. Sci., 7, 88 (1933); Chem. Abs., 28, 3457 (1934). 

a, H. J., Klin. Heep ar (1932); Chem. Abs., 27, 1030 (1933). 

yt trek. pth ges heer: 159, 383 (1931); Chem. Abs., 25, 4053 (1931). 
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liv Saad 2 a ee lebih es 311 has suggested that vitamin D may be e 

cule nee naa Ss ae in the body. In infants with rickets or a 13 

Re Hes, eider observed a lowered metabolic rate, which Ctany 

found large doses of eens seta ee ee ea aa aie and Weleh i 

dogs. Landelium and Teicisienteee? hd o increase the metabolic rate of no a 

incre : e confirmed the ability of the vi ma 

“hen emt ‘Rebee AE re rachitic rats. Reed 215 found 

days caused first i sete Salter . daily, as Viosterol, to rats in two to a 

decr . ase: it the metabolic: rate, at 0 Six 

pee phere return to normal. On the other a by a 

sane a rene method, found irradiated ergosterol to low al 

eerste cies me ses aa of the tissues. An increase may be ob dows 

Me eee nad of the skin, according to Presnell.217 It is said ete 

rradiated (but not of unirradiated) ergosterol into the gall bad 

a 
Sent. 

of guinea pigs causes adenoid growths.?18 
It has been . ] 
eae eae that irradiated cholesterol accelerates alcoholic fermen 

g, although non-irradiated cholesterol inhibits it.319 menta- 

a: emt mse if J. Phys. Chem., 36, 1846 (1932) | 

c 
: 

t . 

e, A., and Schneider, M., Z. Kinderheilk., 54, 1 (1932); Chem. Abs., 27, 5399 (19 h 

li ee 33), 
318 Reed, C. I., Thacker, E Chem. Abs., 27, 5785 (1933), A., Dillman, L. M., and Welch, J. W., J. Nutrition, 6, 355 (193 Tm 3); 
314 Landelium, E. j i rere , and Ljungkvist, G., Skand. Arch. Physiol., 68, 252 (1934); Chem. Ab 60 ) : . a 

a Sigua Me in Exptl. Biol. Med., 32, 274 (1934) “a 

roll, Ps, Riv, pat. Sper., 10, 1, (1933); 

- ce A. K., J. Biol. Chem., 121, 5 Ha Mee Niet BaOauee ae 

chmidt, H. O., Z. Krebsforsch., 45, 335 (1937); Chem. Abs., 31, 5874 (1937) 
+” De Pazi, -R., and ‘Pirr } Pivenes Bde Oia irrone, F., Ann. Chim. Applicata, 21, 419 (1931); : 

Pirrone, F., Ann. Chim. Applicata, 22, 731 (1932); Chem. \j Chem. Abe., 26, a 
Bese, A. Gronks Chink. Ind. Applicata, 16, 397 C1984): Chee ADEs 28, (1933); Mameli, ae 

° ” 9 $ a 

peeing 

‘the of : 4 

tables are entirely lacking in it.t 

covered in the United States, its widespread 

milk and the production of pharmaceutical solutions containing irradiated sterols, 

seems to 

- of irradiated 

conducted in 

been manufactured in the United States since about 1927: Steenbock applied for a 

patent on June 

to the University of Wisconsin 

4 foundation had licensed 

tions. By November, 

name Viosterol for such preparations. 

granted for the irradiation of milk and various cereal preparations. 

4 Steenbock patent ° made mention of the possibility of harmful overirradiation and 

stated that this could be avoided by limiting the 

included the separation of non-saponifiable lipids from fats either before or after 

the irradiation and their incorporation into foods. 

and itradiation of sterols and their, esters obtained from such plant materials as 

yeast, molds, 

and other animal sources. 

‘of cereals or solid cereal products to a regulated degree to 

Chapter 40 

Commercial Production of Vitamin D 

Rickets is now recognized to be an extremely widespread disease, its incidence 

as high as 50 to 75 per cent. This is because milk, the chief food of the 

is relatively low in antirachitic potency. Eggs and fish are practically 

ly foods which contain large amounts of the necessary food factor. Vege- 

For this reason, the discoveries described in 

the preceding chapters quickly found application in the preparation of infant foods, 

| pharmaceutical products and in improving the 

reparation 

have been of great economic importance. 

dietetic value of milk. In the 

of poultry foods, the various methods of introduction of the vitamin 

Notwithstanding the fact that the process ot ‘rradiation of foodstuffs was dis- 

adoption, at least in the case of dried 

have come about first in Germany, where Gyorgy reported on the value 

milk as early as 1926. The eatliest commercial milk irradiation was 

Frankfurt by Scheer and in Basel by Wieland. Irradiated Dryco has 

30, 1924, and this was issued in the United States 3 and assigned 

Alumni Research Foundation. By 1929, this 

five drug manufacturers to produce irradiated sterol prepara- 

1929, the American Medical Association had approved the 

At about this time, licenses were also 

In England, | 

time of exposure. The patent also 

This included the preparation 

mushrooms, ergot, various seeds and straw, as well as from brain 

In other. Ws» S,-Patents;® he described the irradiation 

develop antirachitic 

properties without subsequent injury to either these properties or to the palatability, 

by strictly limiting the time. 

There are a number of other patents dealing with irradiation processes. Tillisch,’ 

claimed that irradiation of oils and fats produced, in addition to the antirachitic vitamin, 

i Hess, A. F., ‘‘Rickets, including Osteomalacia and Tetany,” p. 102, Philadelphia, Lea and Febinger, 

me 1929 

(314,942, July 5, 1928; Chem. 

Eb koe 
Chem. Abs., 26, 5675 (1932); German 

5, 747 (1926); 4, 121801925). 

2See also Gyorgy, P., Klin. Wochschr., 
14, 1926, to Wisconsin Alumni Research 

$SteerBbock, H., U. S. P. 1,680,818, Aug. 

4 Drug Markets, 24, 347 (1929). 

5 Steenbock, H., British P. 236,197, June 30, 1924; Ji Satc.- Chem. 

Abs., 24, 1411 (1930). 
f 

S P.. 1,871,135-6, Aug. 9, 1932, to Wisconsin Alumni Research Foundation; 

P. 605,960, Nov. 22, 1934; Chem. Abs., 29, 1862. (1935). 

7Tillisch, H. C. E., British P. 270,296, April 28, 1926; Chem. Abs., 22, 1415 (1928). 
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Foundation. 

Ind. Suppl. B, 735 (1925); 

6 Steenbock, 
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the fat-soluble A if oxygen was excluded. This is now known n harmful effects of ozone were eliminated through the use o method of Heinemann,’ and Scholl] ° attained the same objective when he displaced the from an irradiated liquid by the passage of an inert gas. Stams6 ™” increased the tachitic potency of food oils, such as peanut oil, intended for a butter irradiating it in thin layers with the exclusion of air, or by immersing flowing liquid for not more than an hour. This was reduced to ten minutes in later patent™ In other patents, there were many indefinite claims for the improya” ment of food products, without particular mention of the development of antirachis. potency, although this was undoubtedly the objective intended; the claims related c various details of the methods employed. Pacini® ysed rays other than those in the ultr ; violet range, particularly infrared rays, or, in another patent," rays longer than 30294 for the treatment of many substances such as bacilli, molds, sarcoma tissue, and er gop 

ot to be possible. 
f a calcspar filter i be 

(Ne ang 
substitute a 
lamps jn’ the 

employed a simultaneous ir ; 
Tadia. or with wave-lengths longer than ultraviolet. Kelly * similar, proposed the simultaneous or subsequent application of cathode rays. 7 atter alone was claimed by Knudson.”* ; The use of tha 

claimed the use of soft X-rays. % 
alkali monohydrogen phosphate solution 

ous types of vegetable material. 
use of only restricted w ave-lenoth 

MM such g 

by suitable filters, of those shorter wave- 
smell and color of the food. Chesney 20 
in the irradiation of foods at about 290 
lengths by employing concentrated ‘su 

lengths which are harmful to the taste places the threshold for destructive effects OA and avoids the action of shorter wave. nlight or skyshine. Bills 21 described an apparatus for exposing materials on a belt conveyor to sunlight filtered through a covering material such as Cellophane which is transparent to ultraviolet rays. Reiter 22 used only radiations longer than 28004 in irradiating substances con- taining ergosterol to avoid the formation of toxic products. It is now recognized that this cannot be accomplished since Dy itself has toxic properties, but the 
8 Heinemann, F., German P. 530,877, Nov. 4, 1926; Chem. Abs., 26, 221 (1932). French P. 646,792, Dec. 28, 1927; Chem. Abs., 23, 2106 (1929); British P. 283,472, -» 22, 4015 (1928); Canadian P. 285,853, Dec. 25, 1928; Chem. Abs., 23 
1 Stams6, K. K., British P. 246,473, Jan. 26 » 1925; Chem. Abs., 21, 465 (1927). _ 1 Stamsé, K.. K., Swedish P. 72,502, Aug. 25, 1931; 72, 613, Sept. 8, 1931; Chem. Abs., Gm 3294 (1933). , 

2 Pacini, A. J., British P. 296,053, Aug. 24, 1927; Chem. Abs., oe Paci A. Js) UW) S-P, 1,681,120, Aug. 14, 1928, to C. N. Richter 14 Ried, O., Austrian P. 121,657, Oct.’ 13, 1930; Chem. Abs., preservation of foods in this way, the Fromray Co., British P German P. 551,290. - 

1 Kelly, T. D., British P. 293,255, 
16 Knudson, 

? 

23, 2252 (1929). . 
; Chem. Abs., 22, 3737 (1928). 

25, 3130 (1931); see also for’ the - 325,824, Chem. Abs., 24, 3952 (1930); 

Nov. 28, 1927; Chem. Abs., 
A., British P, 292,926, June 24, 1927; Chem. Abs., ®-Sperti, G., U. Sv Pp. 1,982,028, Nov. 27, 1934, General Developme Chem. Abs., 29, 517 (1935). 

18 Perino, J., British P. 279,487, Oct. 20, 1926; Chem. Abs., 22, 2799 (1928); German P. 535,41 15m 
eS 1,754,434, April 15, 1930. 

19 Sperti, G., Withrow, R., Norris, R. General Development Laboratories, Inc., table oil solution of ergo 
Sperti, G., Goode, P. 

#0 Chesney, J. W. D:, Ui S.°P: 1,704,173; Chem. a0, 1928. 

23, 1698 (1929), 

23, 1446 (1929). 
nt Laboratories, Tne. 

Bis eA Ey A: Re 1,877,382, Se pt. 13, 1932; Chem. Abs., 27, 4 (1933). *2 Reiter, T., French P. 697,367, Jan ‘ - $0, 1930; Chem. Abs., 25, 3131 (1931); British P, 342,500, Jan. 17,- 1930. 

Foaling 

“chapter: 

ythorities would agree would have to 
‘ a ; j 

cation if destr 

1t1cs 
4 s only long enough to render a fraction of it antirachi 

ray 
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the patents 
£ other inert toxic substances can be argent ae arter 

-_ the use of filtered radiations were applied tee d in the preceding ee of the work of Reerink and van ee eerie ea ee 

ee of this will aid in the evaluation of claims for enn 23 that, 

aha ‘ heen? claims were in part based upon an =a aA 

Be radiation of milk, it is the Reve Tener between rr | , 

me the US payne ae enna jee to increase the efficiency by rae ca we loeilampenfabriken “° p “ume laver ofa 5-per 
} * ee eng than 2700A by the use of a 10-mm. lay ‘no OU ‘ . ey" 1 ion, or p-xylene. iving chiefly 
Tee climinsted cee rays and ee a realty ee Sees eet a mercury, rn - 

EE Reece ins me Sead ae es carefully limited in their appli 
ided. uction of the antirachitic substance is to be erie by Chaney.27 

of the carbon are for irradiating foods ean deere Cee 
The eee, of ozone which gives off-flavor, is Bee ete ale are a 

he ectrodes °° containing added iron or aluminum 300 and 300A, with only a -_ leh proportion of wave-lengths between EOL have 2 

the app ea 

the 

- negligible portion shorter than 2000A. | 
i i ructural 

It is not possible to discuss in ee the many patents dealing with the st 

Batares of Es an BL or skin from a cereal such a. lee 

Ree te reaped and separates any pulverulent Sate ; a i per 

.” ae ies nels are irradiated. Dorcas 2! described the appas beneath 

eT cco for 3 idintinig such foods. A thin layer of the product an eig 

cows a a moving belt before a fee sane Ha ee 

a 1 tic product pre Jaeger 82 described a therapeu 

meal in thin layers. 

This is then mixed 
nt irradiation processes : a. iated, the mixing and irra el . ed portion, again irradiated, : . exposures of the 

.. ms ee deneniel the total treatment ie crear ere to any 

..... Bene less than the time required to tmpart undes fractions 
portion. 

ie, 39, 452 (1930- iter, T., Strahlentherapte, 37, 

qreaed f10375) avoids rays less than cee Ss, 

and Steenbock, H., Wis. Agr. Expt. a 

Ee teoh iss., 17, 876 (1929); Kisch, 
tea 7, 47 (1937); Chem. eo ie 

24 See also Weckel, K. G., Jarier, eee ties), Pee: 
Rs LOSS): Cet, ADS ee Se aia ae. 
25 N. V. Philips Gloeilampenfabriken, British P. 343, pe 

eo S. P. 1,980,971, Nov. 13, 1934; Chem, Abs., i aie 

ee Ex U.S. P. 1,862,313; Jan. 19, 1932 (to Hatiopal Garin CH) 
ee Ne U. S. P. 1,894,158; Chem. Abs., 27, 2504 ( 8 1927: 526,141, May 17, 1929; 28 Chaney, N. Ka . . sie mi German P. 823 2575 Feb. 4930: N Vv. Philips Gloeilampen- 2 Geffcken, H. H., and eotate U. Ps, 1,735,610, por aaah Hickman, J.. O., British S 

eo EE oad yan Fe rane 14, 1928; Cham. Abs., 24, 10 
- fabriken, Britis , ,II8, , 

23 Reiter, T., 
ea); Genin, G., 

Sept. 14, 1929; French P. 700,312; Chem. 

Lee S. = SAG Ross, . =, . gs itish, P. 376,996, July 21, 1932; 1934); Mailey, 
$92,626, Feb: 17, 1932; Tixisr Sip Bree 10. 16340 Brit, Chem. abs B, 587. ( British Recsey, E., 
oy cis ore ee Aug. 7, 1934; Ban, N., van Recsey, N., and van , 
R D Tal . . ’ 5] 9 ° 3 a 1929) ; - Chem. Abs., 23, 1967 ( ! ve 4,502, July 22, 1927; C  Ocl-wnd Fett-Z., 

382,349, Oct, 27, 1932: Brown, Gs Baas + 020.380; Salmony-Karsten, Av Ne TTD, July 15, 1931; Stephens, ei, G., and cee ae “ty SP. 1,682,318; Linder, ee er eet Abs., 21, 1416 (1933). Fe eas eeats Rémy, Belgian P. 386,419, as ERAT ati OU 
Bec. anon. des usin 7 (to Quaker Oats Co.); : cere  U. So P. 1,928,39 4 2, 4508 (1929). 

4 ae a ae Industries, 1, 504 (1929); Chem. Fate 916 (1929). ; au h P. 290,195, April 18, 1928; Chem. 6-7-8 (to R. U. V. Engineering Cor- 82 Jaeger, C., Britis ‘e: tan H. M., U. S. P. 2,072,416-7-8 (to R. 33 E. C., and, Crei 01. (1937). ees Ys, BP 773, 2701 (1937) 
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; und pad resulting from the growth of certain molds in an inorganic medium 
at me) 

god © ing 4 per cent of glucose, produces the vitamin, according to Preuss, Peterson, 
ii] 

A process for making biscuits, cakes, etc. in the presence of ultraviolet light | iC 

conta 
described by Elias,?4 and an apparatus for irradiating bread was descr ibed | i. 7 

48 

. : : : oe . Ceenbock and Fred, ; F ily activatable, a ten-minute Kielwein.?° McGroarty°® proposes the irradiation of an emulsified mixta ot Sune butter fat is a poor setae of ee ants a is Se vy dossible 4o.amnnentaem prepared from salt, sugar, milk, shortening and yeast. This is then to b “ e at a depth of 1.6 mm. being best. 
xposur i . i d Bilham : © Mixe, ex 5 ‘radiated ergosterol. Lampitt, Sylvester an with an irradiated yeast suspension, flour and water, for preparing bread doll e ality by the introduction of irra 8 qu ; irradiati hich the light reaching the cell } ve eee : . qu -ibed a method for the irradiation of fats in w 7 neatad Antirachitic biscuits, prepared either from a dough with an added vitamin D. cam pave Bee the fat is standardized by the use of a haere sei oi oe ee nar centrate or by the irradiation of the biscuits, retain their potency even after bakine con electric cell. This arrangement, Re ie ee ne aaa 

at 180-200°C. according to Markar’yan.37 Tisdall 38 prepares biscuits, cakes Processes, would also be applicable to the 
Nomura® proposed to ferment mixtures of flour, fruit juices, Japanese yams, and 

eat or fish soup, and then auetiute a a pores ee i Krssso8! McKinlay ® 
m results with irradiated chocolates were Tsing acee 4 

i By vocotate candy on an endless eae to a ancy age cp ae Paaspenge eo 
exp irradiati f added metals or compounds , the irradiation of a ; 
pec E. or calcium carbonate mixed with the fatty Soabel gait the eee iy 
Cape ® extracted sterols from cacao beans, separated the @ a 

| crystallization, mixed and irradiated them.” 

Drummond,®? in discussing the public health aspects of the vitamin . forti- 

‘fcation of foodstuffs, concludes that their promiscuous irradiation 1S “ cee 

a ible value. He did, however, consider the addition of calciferol to mil pri 

Be afed Another discussion involving the status of the diner cee na 
gus by Sherman and others. e . ‘on to. foods in general use has been given by A 

Siiities of the production of vitamin D have been extended by extravagant reer 

is it has been proposed to impregnate textiles with materials which, upon irradi- 
4 We 5) é 2 eS 59 

att equire therapeutic properties. ; ; : ; 

BM ermaceutical Developments. The value of pharmaceutical os eparations of 
pe t to be promiscuous, 4 ly established, and, since its use is less ap 
= sea irradiation of rooastuls. 4. less subject to criticism than is the genera an re 
Be ctieved that the antirachitic or growth-promoting properties of cod-liver oil 
ould be enhanced by irradiation,®° but, as stated in the a IR ane et © il contains little, 1f any, provitamin an e¢ enerally recognized that the oil Cube 9 : 61 
Se cadiation Tah only be to destroy the vitamins A and Ds naturally present. 

‘However Coster and Giinther 62 maintained that the antirachitic potency once 

Beeiroyed in the hardening of cod-liver oil may be restored by irradiation. de 
eo 

rusks or breads containing vitamins A, B, E and D from bone meal, baking “Powdey and irradiated wheat germ, whole wheat and yeast. dey 

Detailed studies of the antirachitic potency imparted to soda crackers by CXPOsures 
at 12 inches, from a mercury arc emitting 94 ergs per second per sq. mm. haye _ame 
reported by Read and Bailey.*® Activation was attained in ten seconds, according to q.. 
results of bone-ash data on animals which had been on diets containing the Crackere at a 20 per cent level. In the preparation of the crackers, lard, which may contain ap appreciable amount of vitamin D, was replaced by hydrogenated shortening or lards shown 
to lack the vitamin. It was also shown that crackers made with irradiated shortening carried their antirachitic potency through the fermentation and baking processes. a 

Greaves and Nielson“ find that the addition of 0.5 gm. of irradiated Utah-growp 
wheat causes a slight healing in rachitic rats. This becomes pronounced with 0,75 . or with 1.25 gms of the unirradiated wheat. The highest provitamin content was found 
in the Baart and the lowest in the Kharkov varieties. Becker “' studied the amounts of the 
vitamin which could be produced per hour in wheat, rye, barley, corn, peanut, linseed, sup. flower-seed and pumpkin-seed meals. With the feed stationary, and exposures of 10 to seconds, 160 to 1360 units were produced and in feed moving beneath the lamp in a thir layer, 1500 to 18,000 I.U. A reasonable speed is that allowing an activation of aboyt Qc L.U. per gram. 

} 
The addition of 10 per cent of irradiated farina in the diet of the rat failed to cause healing of rickets in experiments by Schlutz and Ziegler.“ Pincussen® believes that irradiated oats stimulate carbohydrate metabolism in rabbits. The administration of irradiated cereals to school children produced no increase in calcium and _ phosphorys retention beyond the limits of normal variation, according to Porter-Levin.“ Drake 

and Tisdall “ found that irradiated farina given to children on a low calcium diet cay 
an increased efficiency in the utilization of these elements. Autoclaving an irradiated ration for six hours at fifteen Ibs. does not affect its antirachitic properties.*® 

Ultraviolet rays impart antirachitic value to lettuce, alfalfa, spinach and soybean but not to cabbage.” Greater antirachitic properties are imparted to the cut than to the intact plant, but the exposures necessary to produce the vitamin in the plant are longer than those required to produce enough to protect a directly irradiated animal, The irradiation of three kinds of mushrooms, as well as of the autoclaved, dried 
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, 
iol. Chem., 90, 369 (1931). 

1 - Steenbock, H., and Fred, E. B., J. Buol. y. 90> $ 
48; L. M., Peterson,-W. H., ‘ ; f 

‘ nck: H., Wirick, A. M., and Riising, B. M., J. Dairy Sci., 13, 497 (1930); Chem. Abs 

3; 21). | . 
Bev ecupitt H., Sylvester, N. D., and Bilham, P., ape . Bee seann 

! | . 701,808, Sept. 9, 1930; Chem. Abs., 25, ‘ * Elias, O. A., British-P. 266,101, Jan. 12, 1926. Memura, R., French P 

; bs., 23, 5238 (1929). . e ; lin. Wochschr., 42, 898 (1929); Chem. Abs., 23, : . 85 Kielwein, F., German P. 564,401, Nov. 1, 1927; 608,277, Tan. 19, 1935; Chem. Abs., 29, 2618 : be Krasso, H., a ere hg: Na 5h Aohes Beak Chem, AbsiscBt, See (1927), see, algo 
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87 Markar’yan, E. A., Proc. Sci. Inst. Vitamin Research, U.S.S.R., 1, 198 (1936); Chem. Abs., 3ly | & Ried O British P. 316,264, July 26, 1928; Chem. Abs., 24, Fi ae Sete Henao | 2 
eae | “&, 896 (1929); Chem. Abs., 23, 5218 (1929); ‘Austrian P. 126,148, Aug. 15, ; 123,648, | 

Eg ? : 
1929 31). | 

| 1929; Chem. Abs., 25, 3409 (19 
1g S H., French P. 700,036, Nov. 16, : 3 

| hed Be ico for chocolate irradiation, the patents of the van Houten Co., British P. 340,580, Nov. 24, 

1928; French P. 68,093. . fe anlaeh “pak seakeas 

ig d, J. C., Chemistry and In F . , fete 

a peptic ae Assoc. Yearbook, 78 eecre eibais e See eee eee Me ‘ond 

eel Chem., 7, 449 (1230)3 Chem. 42501937); Chem. Abs., 31, $886 (1937)] beligve the addition 
we i pi Hatt nate be limited to milk. See also Fleisch, A., Pence " ; 

Chem, “ibs 32 "3797 (1938); Knapp, A. W., Chemistry and Industry, 
= : “9 ? ? 

59 Lederer, B., French 'P. 796,046, March 27, 1936; Chem. Abs., 30, 5727 (1936). 

a : 1927). 60 Pri _A., Am. J. Diseases of Children, 33, 78 ( 

. Be Lccroum z C., Nederland. Tijdschr. Geneesk., 74, I, 899 (1930); Chem. Abs. 24, 3264 -, } 

. I stee J. H., and Giinther, G., Austrian P. 124,892, May 15, 1931; Chem. Abs., 26, 761 (1932). 
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88 Tisdall, F. F., British P. 357,223, Jan. 24, 1930; Chem. Abs., Zl» 350 (1933), 
89 Read, J. W., and Bailey, C. H., Cereal Chemistry, 10, 99 (1933); Chem. Abs., 27, 2982 (1933); Worner, A:, [U: S. P. 1,796.134: Chem. Abs., 25, 2493 (1931)] claims to avoid impairment of the taste of bread by using a reflector and permitting no direct rays to strike the bread. 
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oS, T., and Tisdall, F. F., Canadian Med. Assoc. J., 26, 296 (1932); Chem. Abs., 27, 4278 

(1933). 
4° Daniels, A, L.,. and Jordan, D.. P., Proc. Soc. Exptl. Biol. Med., 26, 453 (1929). 
4 Lojkin, M.; Contributions Boyce Thompson Inst., 3, 245 (1931); Chem. Abs., 25, 5450 (1931). 



832 THE CHEMICAL ACTION OF ULTRAVIOLET RAYS - COMMERCIAL PRODUCTION OF VITAMIN D 833 

In England, the production of ergosterol on a large scale was begun ah 
by the British Drug Houses, Ltd. and by the Boots Drug Co., Ltd.63 
irradiated, it was employed in margarine manufacture and in 
preparations, such as Radiomalt, a palatable preparation which 
vitamins A and B, and Vitamalt.64 

Many of the patents cited in previous paragraphs apply also t 

Some have attempted to prevent losses during the iawn ie Dace 
ys Z “lene or an alkah hydr 

- additions to the solvent. Thus, ethy yet ee AONE: OF certait a d hi . ose.75 Brauchli uses Vy roqu 

ther or alcohol for this purp : 
BM droxyphenols. To obtain stable solutions, Hooper ™ eee rene en other transformation product of ergosterol in 1,2—2,3—1,5—o1 ‘3 5 enone 
. thyl-1, 3-propanediol. A method has been described for extracting 

Pharmaceyg; . 
also Conta] - 

0 the itradi. 
: -me , : lowed by the tion of ergosterol, but many more are concerned with this alone. Indeed, Most , of 2 -oduct from the solvent after its exit from the reaction eee O aie el 

_the developments discussed in the preceding chapter were patented. . pep * uction of fresh provitamin into the solvent in the reaction chamber s In the e Ph ° e ° ° ar A period there were several claims which have since turned out to have little sien 
cance, or to be erroneous. The use of x-rays, cathode rays or corona discharges 
apparently has not yet been widely applied. Claims have been made that the fog a 
tion of the vitamin could be effected without the use of ultraviolet rays by treating 
ergosterol with metallic catalysts, such as copper, bronze and nickel.®¢ a 

It is not possible to discuss the structural details of apparatus utilized for ir 
tion. At one time it was stated that the irradiated solutions should be at te 
tures above 70°C.8" Bills 68 gave details of a method for repeatedly Circulatine the solution through a chamber between the quartz mercury burner and the Jy iv 
casing. Fraps ®® described methods used in exposing ergosterol to sunlight.70 

Trufanov ™ agitates the solution of ergosterol in a water-cooled quartz vegge 
by a flow of carbon dioxide sucked through by a vacuum pump.- He alters about 
50 per cent of a 2 per cent solution of the sterol in benzene, using as a source ; carbon arc at a distance of 5 cm., the electrodes being composed of 65 parts carbon 
2.5 iron and 32.5 magnesia. p 

From and others claim 6? that infrared rays assist the formation of the vitamiy 
by antibacterial rays from a glow discharge. They also provide means for circulatine 
ozone. In addition, the use of dyes as sensitizers 73 has been proposed, althoys 
these substances have been said to lead to the formation of substances different 
from the vitamin by Windaus (chapter 39). . 

Apparently, the earliest commercial irradiated ergosterol product was the toxix 
Vigantol (chapter 39), prepared by the aid of a photoelectric device which 
cut off the light when the maximum absorption of wave-lengths between 2400 and 
2500A had been attained.74 | 

a may be used repeatedly.78 The acid esters of sterols may be irradiated 

into salts.” fore they are converted in Settee lips ot | 
cious methods have been proposed for separating yee ee 

; a) ae by virtue of its small s 
: 80 the unchanged ergosterol is separated y 
In ct acetone, etc. The separation is continued until the sale ree 

fextrorotatory power greater than 25° for the yellow rk os eee Sea ne 

Ss istillati lvent. Light and Frey °” c 
, btained by distillation of the solv . 

ei * dioxide, triethanolamine, ethyl acetate, etc., 
iati lvents such as diethylene dioxide, , i 

er for the activated product than for the 
hich have a much higher solvent powe ; 

inal ergosterol. Jendrassik 8? irradiated solid ergosterol in ae ere 

SS fétion containing vitamin D or ergosterol. The solution formed was led away by 
80 . e 

‘alysi tinuously added. dialysis and fresh solution con i 

; ters to eliminate various wave-lengths have been sae er Bete 

remove, by a carbon disulfide filter, wave-lengths longer than : ai pa 

| a 3126 and 3132A lines of mercury, believing these to be harm ul. are 

The work of Reerink and van Wijk, discussed in the preceding ee ies 4 v4 

een made the basis of patents assigned to the Philips Lamp Ae. ae seu 

‘may be recalled, eliminates wave-lengths shorter than 2700 and onger 3 ‘i 

‘ Spectrographic control of the irradiation process is specified by Leas 

and Frankenburger 8° much as in the earlier Vigantol patents, except : a ae 

stated that the irradiation is to be interrupted before the maximal absorp 

‘between 2300 and 3000A has been exceeded. 

& 

Mp era. 

. Che 37 (1930); 
%1. G. Farbenindustrie A.-G., British P. 321,992, Oct. 25, 1928; iste een By aoe as 

“British P. 316,803, Sept. 17, 1938; Brit. Chem, Abs., B, 836 (1929); Chem. Inc.); Chem. Abs., 26, a . ice ri S. P. 1,824,653, Sept. 22, 1931 (to Hoffman LaRoche, Inc.) ; ; , 

7 . British P. 334,002, July 1, 1929. ow 35; 
e. Br ocves ee U. S. P. 2,030,792 (Winthrop Chemical Co.); British P. 436,713, Oct. 16, a 

» 30, 1949, 2326 (1936). ; Weizel, 
| iM i: benindustrie A.-G., British P, 314,267, Aug. 20, 1928; inetd aa rg as 10. 

’ The . . “P. 491,222, May 20, 1928; Chem. Abs., 24, 2056 (1930); March 6 1928, fora deachie 
Ti ? ee. Chew. Abs., 24, 2674 (1930); see also Merck, German P, 556,716, March 6, , 

tion of an aqueous, colloidal solution of irradiated ergosterol. ‘ 

Be 2 Rocke Co., Gorman Ps Berea ich P. 445.477, Match, 27.01930;. 235,277, Tune 22 
89 Soc, des usines chimiques Rhéne-Poulenc, British P. rk 3039 (1931). ‘ rae 

1929: French P. 698,040, June 11, 1930; Chem. Abs., 25, 1562, : “Chom. Abs. 28 8752 
. | 8. Lj wR F and Frey, C. N., U. S. P. 1,955,554, (to Standard Brands) ae ae 1, 

; Cuny, Ly (1934): British P. 394,408, June 29, 1933; Canadian P. 333,281, June 13, : 
1 4631 (1933). 

82 ik, A., Hungarian P. 104,227, April 14, 1931; Chem. =e i pea ro 26, 1715 
88 N, V. Philips’ Gloeilampenfabrieken, French P. 714,827, April 4, } . 3 

6 Langton, H. M., J. Soc. Chem. Ind., 48, 31 (1929). 
64 Reviews of recent applications: Tabern, D. L., Clin. Med. Surg., 40, 9 (1933); Weidlich, G,, Z. Vitaminforsch., 2, 253 (1933); Tanret, G., Bull. soc. chim. biol., 15, 1346 (1933); Routh, I. B, J. Chem. Educ., 10, 13 (1933); Borgeaud, P., Bull. Soc. Vaud. Sct. Nat., 58, 17, 232 (1933), sam 
6 J. G. Farbenindustrie, British P. 318,269, April 2, 1928; Brit. Chem. Abs. B, 711 (1929): Whittier, C.-C. U.S... P...2,106,779, 2,106,780-1-2, Feb. 1, 1938; Chem. Abs., 32, 2692 (1938): Kramer, B., Natelson, S., and pobel, A. i ys P. 2,112,242, March 29, 1938; Chem. Abs. Jobs, (1958); Milas, N. A, U. 8. PB. 2,117,100, May 10, 1938; Chem. Abs., 32, 5161 (1938). product known as Ertron is made by the Whittier process. 
66 Heilbron, I. M., British P. 318,268, March 2, 1928; Chem. Abs., 24, 2244 (1930). 
67 I. G. Farbenindustrie, British P, 316,803, Sept. 17, 1928; Chem. Abs., 24, 1938 (1930). 
® Bills, C. E., U. S. P. 1,808,760, June 9, 1931; Chem. Abs., 25, 4156 (1931). 
me Praps, Ix. M., U. Sit Ps 2,015,;264-5, Aug. 24, 1935; Chem. Abs., 29, 7587 (1935). 
7 Other patents on irradiation apparatus: Buhtz, E., German 'P. 514,992, June 27,1926 

i 
17 . : 1937}@ wa : "27. 1453 (1933); French P. 700,312, July 17, Tixier, G., British P. 356,083, Jan. 22, 1930; Zecher, G., Ue S. BP, 1,929;910; Vilenbin ar ee (1932); French P. 737,234; Ean or ate Ce eee P. 32,096, Feb. 15, 1934; Chem. Abs., 28, P. 25,052, March 31, 1932; Chem. Abs., 26, 5231 (1932); Hickman, J. O., British P. 392,626, May 2 1930; Chem. Abs., 25, 3776 (1931); 27, ; 

1933; Salmony-Karsten, A., Kautschuk, 10, 55 (1934); Milchwirtschaft 3842 (1934); French P. 708,548, Dec. 29, 1930; British P. 385,626, Dec. 20, 1932. Some of these a kane 

deal with methods for removal of portions of the solvent and for the addition of added amounts o 

ergosterol. 51. April 18, 1933, to N.-V. Philips’ ee ; d Wijk, A...» U. S. P.. 1,904,751, Ap , ’ Chem salttee 

Glocilcronfabiecken? Chem. Abs., 27, 3560 (1933); German’ P. '634,146, Aug. 18, 1936; Chem 
30, 8533 (1936). 

& Zimmermann, W., 
Abs., 27, 2534 (1933). 

%8 Merck, Chemische Fabrik, British P. 286,665, March 8, 1927; Brit. Chem. Abs. 36 (1928 
Chem. Abs., 23, 483 (1929). : = rit. Chem. Abs., B, 836 ( ; 

and Frankenburger, W., U. S. P. 1,896,191 (Winthrop Chemical Co.); Chem. 
74 British P, 296,093, Aug. 22, 1928, to I. G. Farbenindustrie A.-G.; Brit. Chem. Abs., B, 73 (1929): 
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Much of the w ork of the Gottin gen laboratories has b een patente 
States patents bein | 

h : 
| 

g held by the Winthrop Chemical Co. d, the { Windaus 86 desea a ae t 
CE “lth 
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MetuHops FOR INCREASING VITAMIN D iN MILK. 

erious consequences. Improved 

not a fatal disease, it has s 
ough rickets is 

a better understanding o £ the disease have lessened the 
preparation of D, by i rea 

: 2 irr Pile ; 
shovter tan 27204. tae ergosterol with light excluding 

ergosterol was remove es per cent conversion 
‘ Wave-len 

» £ t tment and 

d and 
was obtain len hods © rea 

ta 

for ten days in ether solution eat was treated with witrsta Unchap 
ns of cases in which obvious deformities have been produced. There remain 

tion at a low temperature. The : saith of the solvent was effete ‘© anhyd; Be cases in which less evident skeletal changes of the chest may be produced 

esidue is then saponified with alcoh by evap. hich predispose to respiratory diseases and faulty development of the pelvic arch, 

We + sometimes ‘nereasing the difficulties of childbirth. The high incidence 

Olic potace: re jatte o much recent work on the development of a safe, generally 

infants of a com- 
e disease has led t 

the nutrition of all 
ether or both 

, washed with . 
: 

solvent is evaporated water and dried. Following th her, petro} x 

avivereesiete 8 and the residue crystallized from i a spies operation, - bl prophylactic to be supplied in 

of a magcnesi 
sae alcohol. Li \, applica € 

: 

to that described by Win a
 ee the remaining treatment bois *T uses nity with the object of rendering subsequent treatment of the disease unnecessary. 

anhydride, which left the Aras peau patents, he specified Be Very sim; eince direct sunlight is not in all cases available in the winter months, and arti- 

itic products in solution. Subs USE of ma} i ‘rradiation of all ‘nfants is too expensive to be feasible, the vitamin must be 

-. the food. The only food given infants of the most susceptible age is 

described the r emoval of the Ds by the use of m-dinitrobenzos{ 
Gee Linge 

. chlorj 4 
presence of pyridine. 

a 
© in: 

Bpplied in tne» 

ilk, and for this rea son it has been important 
to study its adequacy in the prophy- 

ckets. Unfortunately, milk is low in antirachitic potency, having only 

There are a creat n ; 
i 

ergosterol into a ao is Ja
a dealing with the introductio . taxis Of ri 

: 

of vitamin D may be made hee rnotte 89 states that an adnened of Irradiat 
pout five to ten Steenbock units per quart, whereas an average infant requires 35 

The recent attenti vith lecithin as the emulsifier. soil emuls; 49 50, the equivalent of three teaspoolis of cod-liver oil, in order to prevent the 

Piesuatniat aniivach ion to a cholesterol derivative as th 4 occurrence of rickets. According to Thomas and Cannon,®? butter fat may contain — 

itic vitamin has been reflected in e true provitamin | about one Steenbock unit in 9 grams. Intensive work in the last few years has led 

a patent by Waddell, 90a to the proposal of a number of methods by which the antirachitic potency of milk 

’ 

or benzoyl peroxid e 
content. , or by heat treatment, in order to increase th € provitam: * 

The sterols of d 

Provitan: : 

uck 
; 

: ’ 

value for chickens.®1 Fats we be irradiated to obtain preparations of antirach; 

this purpose.®? 
S Of various invertebrates may also hat a 

: 

irradiated ¢ 

The various irradi 
ed I 

irradiated e 

3 

the simple vitami rgosterol preparation 
4 

am 
: 

S$ aré ver 

which the eeadtated ier eee
 there are a great ya used,. 

tically all the saa ME is supplemented by various eae 
products i 

During the e Ss are assayed in t : itamins. Pra 

arly developments th erms of the international E 

potency of the product ek: there were, however, consid a standar 

thers eek =a ucts, since they were assayed agai erable variations in th 

y of which was not guaranteed.92 
gainst samples of cod-liver oj 

Besid 

86 Windaus, A., U 
Chem. ibs 37 “> . S, P 1,873,942 A 

mi, 3294 22). 7 wie, 23, 1952: 

A 

le ? (1933); 
2 ; Chem. 

| 

ast describes the Ae Pigsiceca ree) 
April Siete et 

eset ee S. P. ia 745. 

Qe. 
> 

3 ; ept. 9, 1933 Th 

87 Linsert, O., U 
BGP ae tbh sweet itish P. 405,321; 370,743, April 2 i ognem Abs., 27, 3294 (1933); Ger 3 

Ge O., German’ P. 603.088 ie to I. G. Farbenindustrie AoO. eh P. 576,021 and 565,900 

Uy SP. 2826, (1935), Slee fea TE ees eee 29, 552 esau: 28, 4842 (1934 

penindustrie, A.-G., German P. 642,759 n of 22-dihydroergosterol i ; U.S. Poa 

3199,, Aug.’ 23,1938; C 759, March 16, 1937; rol is also described 

ood thchence at “ey 19383 Chem. Abs, 32, 8702 (1! ; Chem: Abs., 3, 6417 (1937), Us, 

and Schenck, F., U. S. P. 2,099,550, Nov. 16, 1 (1938). For 7-dehydsochclecterol, sen Wii 
’ : ; 2 16. 1937: Ca ydrocholesterol Wi 

Moire Gat Ce a, ABS 32, 8706 (1938) ? em. Abs:,( 32, 312 , see Windaus 

.» British P. 485,452 . For irradiation of oxidi (1938). German P. 661 

89 Ernotte, M., F »452, May 17, 1938; Ch oxidized cholesterol, E. I. du ‘ 

, French P. 796,101, March 30, 1936: Se if 2 oe “a 
, . Abs., 30, 5676 (1936). % Waddell, J., U. § i) e9 . . P. 2,0 . 

40-8548. (1956), Pacini A. Tan U, Se 1 aA TT ee Chee an puna Baas , 
,.U. S. iP. 1,880,977-8; Chem. Abs. 27, 567 (1933 6,992; Chem. ADs., 

., 27, 567 (1933) proposed the irradi e irradi- ation in the presence of ae 

of s : : a sensitizer 
( 

uch reactions with dyes as Cie uranium acetate. Cf. the work of W 

: 
; ) indaus on th a e course "| 

91 N, Vv. Saisie ? 

(1937). Philips’ Gloeilampenfabrieken, Briti , British P. 464,066 

2 N. V. Philips’ Gloeila . . - 404,066, April 12, 1937; Chem. Abs., 31 641 

(1988); Bitish P. 477.283, Deo 22 Gea ten doe 7 

%3 See Holmes, A. D aah pian 22, 1937; Chem. Abs as Piura: 
1937; Chem. Abs., 23 1408 

4 i 9 
3 ” ’ 

: “9 TUS 

a wileesy Ey: Muy Anis J, Bee M. G., J. Biol. Chem., 64, 263 (1 38). 
> a 

Ao Med. Assoc., 94, 1285 C1330}. Children, 39, 44 (1930) ; i ote Barnes, D. J., Brady, M ‘l 

ichs, M., Arch. exptl. Path. Ph .- For assays of Garaian € anctis, A. G., and Craige T J 

: armakol., 165, 553 (1932); Ba cr ag see Heuhneeial 

, ; S:, 26, 5127 (1932). ‘ 

g 

 Antirachitic milk has the 

necessary calcium and phos 

3002 (1935). 

28, 7373 (1934); 
S. Dakota Agr. Exp. Sta., 
Kinderheilk., 90, 

Med. J. Record, Nov. 2, 16 

(1934); Shrader, J. H., Arch. Phys. y, 

(1935); Barnes, D. J., Am. J. Diseases of Children, 48, 

N. Y. State Dairy and Milk Inspectors, 

Dealer, 23, No. 10, 

_ Wyman, 

may be rendered adequate.”° 

These may be classified as follows: 

I. Treatment of the Cow 

A. Irradiation 

B. Addition of vitamin D to the food as 

1. Irradiated ergosterol , 

2. Irradiated yeast 

3. Irradiated molds or other products 

4. Irradiated natural provitamin 

5. Concentrates from natural sources 

Il. Treatment of the Milk 

A. Addition of Vitamin D as 

1. Irradiated ergosterol 

2. Irradiated natural provitamin 

3. Concentrates from natural sources 

B. Irradiation 

vitamin in an essential food which also supplies the 

phorus.®° 
| 

wa Agr. Exp. Sta. Report, 26 (1933); Chem. Abs., 29, 

% General reviews are due to: Oser, B. L., Milk Plant Monthly. 23, No. 10, 34 (1934) ;. Chem. Abs., 

Tonney, F. O., Am. J. Public Health, 26, 665 (1936); Olson, T., and Wallis, G., 

Bull. 296, 3 (1935); Chem. Abs., 30, 5666 (1936); Andresen, O., Arch. 

26, 501 (1932); Weckel, K. G., Milk Plant Monthly, 23, 

Proc. 19th Ann. Meeting, Western 

% Thomas, B. H., and Cannon, C. Y., lo 

C. lis 
V., Proc. 6th Ann, Stat 

No. 3, 27 (1934); Chem. Abs., 28, 3 

Eivicsion Am. Dairy Sct. Assoc., 109 (1933); Ellington, 

Inst. of Dairying, 1? €1933)'s Batchelder, E. , Lbid., 48; 7th Inst., 47 (1934) ; Auerbacher, 
lL. J. 

1932); Bunker, J., and Harris, R. S., New England J. Med., , 1140 

Therap. X-Ra Radium, 15, 709 (1934); Chem. Abs., 29, 1861 

1258 (1934); Tobey, ee 

); Chem. Abs., 29, 4465 (1935); Smith, C. A., Milk 

38 (1934); McCollum, E. V., Ibid., 24, No. 4; 32 (1935); Kon, 5. K., J. Dairy 

Research, 7, 192 (1936); Kramer, B., and Gittleman, 1. F., New England Med. J., 209, 906 (1933); 

T., Ibid., 889. — 

% Hess, A. F., Am. J. Publi 

e Coll. Washington 
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That the potenc i 
cow has access oe cee as ee ends upon the amount of sunli 

vitamin D by irradiation,97 hown since the first observations of eh Which , 

Bechtel and Hoppert %8 . fF Monthly assays conducted over a t ine formation 

Paohinernotency 6th in icated variations of as much as Sn ee Period | 

September and lowest See fats. The values were highest in Per cent Gg au 

determining the activit a ruary. Apparently, exposure to July, August E 

units per quart and H i of the milk. Guernsey milk varied Sunlight is the aa 

at Davos in the Se iad milk Tin Sl toy 277, Gabetivic: 1 ae “ Us) 
ps is twice as rich i ; states thas 

Somewhat negati —, rich in D as milk fr hat yam 

t ; : rom th . ij 

were reported b “ ak herve Eeeanine the efficacy of ied a ; 

balance of th , who was, ho 10n of the . 

e lactating co » However, concerned with Ge eg 

Gowen, Murr g§ cow rather than with th Ne with the ¢ 

, ay, Gooch and A 10 e antirachitic pote 

for fifteen to thi mes 101 reported th cy of th 
thirty minut that after daily ex 

chicks by feedi : res to ultraviolet rays, it was : POsures 

and ie ica oes Similar results were ie eile cs ic 
Laer Te ae s, Weinstock and Sherman 13 foynd ; aa alkenhei 

increase the antirachitic potency of her site % milk. 
Irradiation of cows has been said ; 

per cent and th aid also to increase the mi = o . 

ae aie sabi Lin by 8.73 per cent.1°4 Biinger ne production by 4.79 

nt changes in the amount of milk. its fat owever, Was ‘ital 
’ content 7 content or vitamin content 1n cows c ‘ 

back, udders or both back and udders Smee yume 
at 100 cm. to thir ‘ : t 
months. Pe AOUIES ak 70 

i In experiments of Mitch 
ung so that the arc formed 

Alciyy 
© mill 

Of catty 
Icketg ; 

™m, Voit, 

& nursing 

re i e Mine
ral 

Th 
either ww 

e daily doses used varied from teu nil th 

cm. The irradiation period lasted about ty, a” 
j 

arbon arcs wal 

Bi meesdy The 
dy about midway 

arcs were about 25 inches from the animal s and more tender side 
als a 

total ultraviolet intensi : is di 
nsity between 2 and at this dist P 

+ Ch eine 000 and 4000A was 6400 microwatts ver oq 
; . Hach . ‘ 

one side only. Rat assavs cow was irradiated for fifteen minutes each i 

qt.) This milk had es an average of 22 units per qt. (control : day se 

appeared also to a ae eh Pyne Ee power on infants fh irae 3 units per 

somewhat slower th € curative power in florid rickets, alth a in 

lah r than that of other antirachitic agents ough its action was 

ess pointed out : 4 q 

ducing certified ee ne stig is suitable for carefully controlled herds pro- 

large-scale i ay te0 be of value in sm a 

equipment for the irradiation of milk appears sath age. where 

oO expensive. ] 
It has been shown possible to i increase the vitamin D content of butter fat 

| 
7 

) 

Luce, E . 
cn . ae Biochem. J., 18, 1279 (1924); Chick, H 

Campion, (eee eee SS Aig als Nutrition, il, 
ee oe ee S. K., and Macintosh, J., Biocl 

as Pa acer a eon 1 (1931); Chem Abe, 27 git " 31, 81 (1937). 

: oft (1926); Hart io - b., Humphrey, G. C., E - co eae 933). 

; UE. “P » G. C., Elveh 
j 

101 Gowen, J. W., Murray cat ats eo and Scott, pe fy ae sree Gane 
= Biol. Chem., 

TO de, cio” ait te De ol. a Ee Tyee ; 73, 59 (192mm 

761 (1927). eim, C., Véitz, W., and Kirsch, W., Klin satis: i Science, 63, 17 (1926). 

, . hr. . 

as Hess, A. F., Weinstock, M. » 9 2071 (1926); Chena a 

Ab Iguchi, K., and Mitamura 
| 

s., 23, 2222°°(1929), , 
105 Biy ee 

106 “aa = are eo 5, 424 (1930); Chem. Ab 
1220 (1935), 7 M» Eiman, J., Whipple, D. V., and Stokes 

a ane M. H., Ibid., 20, 632° (1926)m 
36); Chem. Abs., 30, 6044 (1936); 

» and Sherman, E., Proc. § M 
a 5 Fase c. Joc. Exptl. Biol. d. 3 

J. Faculty Agr. Hokkaido Imp. Univ. 24, Pt ‘3 50 cose a m , : ’ ; em. 

25, 3409 (1931). . 
» J.. Jr., Am. J. Public Health, 2 

Bgec 

Ber, be isolated from the 
eyes ' 
at irradiate J 
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, 

ip 

mix 
ecry 

a stituents of the yeast fat. 

the 

| yeast with wave-len
gths 

yng tO 
protec 

jonged a 
observe 

to a pot 

~ marked 
rickets 

- either the assimilation of calcium and phosphorus of 

Bp; the milk by Hart, 
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ding the cow irradiated ergostero 

yeast before irradiation. 

d yeast is more effectively utilized. 

The ergosterol need not, how- 1,107 
Indeed, it has been stated 

The irradiation of dried yeast was described by Kirsch.” Previously, there had been 

tents for the treatment of various yeast extracts. Feher*” boiled yeast with alkali, 

Z it with organic solvents and separated and crystallized the upper phase. ‘The 

stallized material was irradiated in thin layers and incorporated into cocoa butter 

ressed into tablets. The Merck Co." proposed to treat only the non-saponifiable 

MacLean ™ described an activated medical product obtained 

taining phosphate and carbohydrate and subjecting 

resulting sterols and fat to ultraviolet light. Autolyzed yeast, has also been activated.” 

The direct irradiation of layers of yeast about 0.1 inch thick at about a foot from 

. Hanovia burner was patented by Hall“* Favorable reports on the irradiation of beer 

2970 to 3020A were rendered by Schiibel and Gehlen.™ Accord- 

The ability of irradiated yeast to 

the material retains its potency 

118 {on,"* however, noted a toxic effect to follow the pro- 

t level, although Matzko ™ did not 

f a bakers’ yeast irradiated 

1 ° 
° ° 

incubating yeast. in solutions con 

Coward,” exposure to strong sunlight suffices. 

t young rats has been repeatedly demonstrated, and 

Beemonths or even years: 
dministration of this material at a 1 per cen 

this in the case of the use of customary amounts 0 

ency of 5,000 to 10,000 units per gram.” 
| 

daily administration of 500 I.U. of the vitamin in irradiated yeast during the 

them from moderate or 

months to 69 normally growing infants protected ‘he 

be effected within a month in marked five winter ; 
rickets, and definite healing could also 

120 

by this dose or its double. 

was not found to alter 

the quantity or quality 

Steenbock, Kline and Humphrey.!*+ Kieferle 122 agreed 

in the milk yield, but found an increase in its D content 

lapse in the lactation period. The melting point of the 

was a slight decrease in the refractive 

Others, however, have claimed to find 

124 found the increase as much as 

The addition of irradiated yeast to the diet of cows 

that there is no increase 

and a shortening of the 

milk fat was increased slightly and there 

index and in the Reichert-Meissl number. 

an increase in the secretion of milk.12° Kroon 

107 Thomas, B. H., and MacLeod, F. L., Science, 73, 618 (1931). Gerstenberger, H. jJ., and 

Horesch, A. J., L. Nutrition, 5, 479 (1932); Chem. Abs., 26, 5616 (1932)] found that milk from cows 

i 
i Idly antirachitic, 9 quarts being slightly 

i large daily doses (200,000 rat units) was only mi 

less active than a teaspoonful of cod-liver oil. 
: 

108 Kirsch, W., Biochem. Z.., 196, 294 (1928). 

109 Feher, G., Hungarian P, 100,696, Aug. 4, 1927; Chem. Abs., 25, 2524 (1931). 

100 F. Merck Co., British P. 285,083, Feb. 9, 1928; Chem. Abs., 22, 4726 (1928); Brit. Chem. Abs., 

bs., B;, 79¢ (1928). 
B, 264 (1929). 

; 

111 MacLean, I. S., British P. 295,757, May 23, 19273. Brit. Chem. A 

Agr. Sci., 3, 32 (1931); Chem. Abs., 26, 1645 (1932). 

1122 Matsuoka, H., Trans. Tottori 

ue Fall, P., British P. 354,371, May 8, 1930; Chem. Abs., 26, 3870 (1932). 

114 Schiibel, K., and Gehlen, W., Arch. Exptl. Path. Pharmakol., 166, 348 (1932) ; 

5611 (1932). 
: 

115 Coward, K., Lancet, II, 920 (1933); Chem. Abs., 28, 509 (1934). . 

16 Vadimov, V., Voznava, A., ko, V., Elektrisikatzya Sel’skogo Khozyatstva, 2, No. 8, 20 
and Semash 

(1932); Chem. Abs., Zi; 

Chem, Abs., 26, 

1032 (1933). 

117 Kon, S. K., Lancet, II, 579 (1931); Chem. Abs., 

M8 Matzko, S. N., Arch. Tierernihrung Tierzucht., 

119 Sveshnikova, N. P., Trans. Dynamics of Develop 

30, 3032-3 (1936). 

27, 3242 (1933). 

9, 623 (1933); Chem. Abs., 28, 6177 (1934). 

ment. (U.S.S.R.), 9, 311 (1935); Chem. Abs., 

527 (1936); Drake, T., Am. J. Dis- 

120 Drake, T., Tisdall, F. F., and Brown, A., J. Nutrition, 12, 

eases of Children, 53, 754 (1937). _For Russian work on the value of various irradiated yeasts in 

poultry feeding, see Kratinova, ©. I., and Pokhil. A. I., Problems Animal Hushandry (U.S5 tea 

1935, No. 9, 93; Chem. Abs., 30, 2614 (1936); Zavadovskii, M., Lepskii, S., Rashentn ys ae: 
269 ; 

Samokhvalova, G., and Balezin, P., Trans. Dynamics of Development CUS Siktigic es 

Chem. Abs., 30, 3032 (1936). 
121 Hart, E. B., Steenbock, H., Kline, O. L., and Humphrey, G. C., J. Biol. Chem., 86, 145 (1930). 

122 Kieferle, Proc. World’s Dairy Congr. Copenhagen, Sect. I, 166, 1931; Chem. Abs., 27,755 (1933). 
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; : , i - quart. An outstanding 25 to 30 per cent in the yield of milk as a result of feeding the yeast foy thr we milk acquires a potency of about 135 corps: ie haa Siete oe 
weeks after calving. Whatever may be true concerning the effect On the am P ge of the method is the reduction o rie jdvanta toti echanically controlled. It of milk, there have been many to show increases in the D potency when as , , nium by the development ot be oe ata 2 ee a Se wields ‘s 
as 200 grams are fed daily.1?5 Woelffer 126 found ten ounces of yeast of 30. 4. also possible that the provitamin in — fe ee woes seme tee ae eo 
potency given daily to cows yielding thirty pounds of milk gave the mi _ oduct more suited to the human than that from erg ; 

; a eer ing irradiated potency of 160 Steenbock units per quart. Yeast-fed cows require fifteen | ffectiveness of irradiated dried milk in infant feeding, as well as of 
twenty days to produce milk of the maximum potency, which is approximately iz 
U.S.P. units per quart. High producers are more efficient than low producers ¥ 
transferring the vitamin from the yeast to the milk. For efficient ut 1 
yeast must be fed at least twice daily.127 | 

Higher potencies can be produced by feeding irradiated yeast than irra 
ergosterol as the source of the vitamin.128 At about 180,000 units per co 
day, the potency of the yeast-milk may reach 150 to 160 rat units per quay 
whereas that after feeding an equivalent number of units of irradiated €T Oster, contains only 120 to 130. At lower feeding levels, however, the two sourds 
are comparable in their results, but only a slight increase in the potency of " 
milk results. When the ergosterol fed was increased to 300,000 units, less tha 
2 per cent of the units ingested appeared in the milk. a 

There is little doubt that the method is a practical one for enriching the mip, 
but it is not as cheap as the direct irradiation of the milk. Spickard 129 believe 
irradiated milk with but 50 to 60 units per liter as effective as yeast-milk wit 
160 units per liter. 

| the e 

on of 1 iati ill 4 i i limited 
4 Another advantage of irradiating milk is the fact that it contains but a 

_aantity of the provitamin so that too high a potency cannot be attained, ta 

Bding any danger of an overdose.1°° Its use also requires no cooperation o 

.. of the mother and eliminates the giving of cod-liver oil. , : 

a 1925, Steenbock, Hart, Hoppert and Black 187 found it possible to increase 

a D icachitic potency of cow milk more than eight times by exposing it to a eae 

* arc. That of goat milk could be increased twenty-four times. Milk irradi 

.. ive scale by the methods of Supplee and Dorcas has been extensively 

@ i in the laboratory and clinic by Hess and Lewis 138 who find it a eee 

a hive and reliable antirachitic agent. A quart or even less of the milk ally 

Ps. ‘d to protect infants from rickets, although this amount contained only 50 units 

' a ed by a standard rat method. The full explanation as to why smaller num- 

a a ae units are adequate when given in this form than in cod-liver oil has not 

Be cen given. That it might be more effective than an equivalent number of tat 

Be Pot irradiated ergosterol could be accounted for by a difference in the 

“ Oe of the vitamins, the human differentiating between these although the 

¥ es not. But presumably the natural vitamin in cod-liver oil is the same as 

aie of Haile ‘so that the doses from the two sources which are equally erat on 

the rat should also be equally effective on the human. This ere ee 

ever, not yet been proved and it must remain an assumption un : ‘s bener! ube 

peen isolated from irradiated milk and compared chemically wit : beta 

gestions for the discrepancy may be offered. It may be related is the Leltinah: ; 

| other substances in the milk and in the cod-liver oil which alter t . Seal He 

‘tion of the vitamin.189 Supplee, Ansbacher, Bender and Flanigan : ‘ r eds 
“unexpected effectiveness of irradiated milk to the formation of a ane ee 

between the vitamin and a colloidal carrier such as lactalbumin. ‘his a, ee 

‘can form only in lipid-free lactalbumin. When lipids are Dns ; 4 reaate 

‘merely dissolves in the prosthetic group or lipid associated eas euLcoet : es fs 

This they suggest accounts also for the observation of Lewis that vita oe 

administered in the water phase with propylene glycol with accep Gn ad 
constituents is more effective than when it is carried by an oil vehicle. nsbacl “ 

and Supplee had found that about 18 per cent of the total milk cholesterol is asso 

ilization, d 

WwW: 3 De 

It is also possible to feed the cow irradiated dried molds. Thomas and Cannon 8 find that this has its greatest effect during the first few days of the feeding. After 4; there is a rapid decline in the amount of the D secreted. In general, they believe the eo, very inefficient in transferring added vitamin D from her diet to her milk. It is course, also possible to add concentrates from liver oils or other natural sources to ¢} diet of the cow. : | 1 
Such concentrates are, however, more commonly added to the milk to avoid th inefficiency of the transfer." Zucker * adds a cod-liver oil concentrate in the proportic of one part in 12,000 of milk and obtains probably 150 units per quart, equivalent ¢ about three teaspoons of cod-liver oil. Post described concentrates by which mii may be fortified to 1500 U.S. P. units per quart. Some ergosterol irradiation product 

have occasionally been suggested. 

Yeast-milk is particularly of value on the certified farm where the ration cat 
be thoroughly controlled.134 It is scarcely applicable to the general supply o 
cities which may require thousands of farms to meet their demand. For th 
purpose, direct irradiation of the milk is the most suitable method. By this metho 

ne 
eg GA 

t 

15 Lepsky, S., Z. Ziicht. B., Tierziicht., 26, 237 (1933); Chem. Abs., 27, 2987 (1933); Golf, A at Seeling, K., Biedermann’s Zentr. B., Tierernihrung, 6, 65 (1934); Chem. Abs., 28, 2036 (1934 Schieblich, M., Biedermann’s Zentr. B., Tierernihrung, 6, 71 (1934); Chem. Abs., 28, 2036 (1934) 
126 Woelffer, E. A., Cornell Veterinarian, 23, 313 (1933); Chem. Abs., 28, 3109 (1934); see als Smith, C. A., Milk Plant Monthly, 23, No. 5, 24 (1934); Chem. Abs., 28, 4458 (1934). 
127 Krauss, W. E., and Bethke, R. M., Ohio Agr. Exp. Sta. Bimonthly Bull., 173, 52 (1935); C en Aods., 29, 5525 (1935). 
78 Russell, W._C., Wilcox, D. E., Waddell, J., and Wilson, L. T., J. Dairy Sci., 17, 445 (1934) Chem. Abs., 28, 5508 (1934). 
129 Spickard, V. W., Northwest Med., 33, 204 (1934); Chem. Abs., 29, 4465 (1935). 
7° Thomas, B. H., and Cannon, C. Y., Iowa Agr. Exp. Sta. Report on Agr. Research, 49 (1934) 26 (1933); Chem. Abs., 29, 3002, 3375 (1935). 
“™ Krauss, W. E., and Bethke, R. M., Ohio Agr. Exp. Sta. Bimonthly Bull., 162, 77 (1933); Chet Abs., 27, 4563 (1933); Krauss, W. E., Bethke, R. M., and Wilder, W., J. Dairy Sci., 16, 549 (193 )) Wyman, E. T., New England J. Med., 209, 889 (1933). + 
4182 Zucker, T. F., Am. J. Public Health, 23, 10 (1933). 
188 Post, C. I., Milk Dealer, 24, No. 3, 39 (1934); Chem. Abs., 29, 4843 (1935). 
#84 Hless, A. F., Lewis, J. M., MacLeod, F. L., and Thomas, B. H., J. Am. Med. Assoc., # 870 (1931). 

h. Pediat., 44, . , 89, 337 (1927); see also Eddy, W, H., Arch. Pediat... 
320 (i909) Re cssicc, aoe aa Dawe oO | Am. J. Diseases of Children, 34, 364 (1927); J. Biol. 
Chem., 75, 227 (1927); 73, 617 (1927). 
380 Mohr, W. ‘Kulteren,'S, and Richter, V., Molkerei-Z., Hildesheim, 48, 545 (1931); Chem. Abs., 
26, 3010 (1932). iT . ae H., Hart, E. B., Hoppert, C. A., and Black, A., J. Biol. Chem., 66, 441 ae ae 

188 Hess, A. F., and Lewis, J. M., J. Am. Med. Assoc., 99, 647 (1932). An early German & aedaes 
Hanauer milk—had an activity such that 100 cc. corresponded to 5-6 gray. of B. 637 (1930) 

oil. Bamberger, P., Deut. med. Wochschr., 55, 1547 (1929); Brit. Chem. AbS., oe rc ‘ ie 

189 For evidence of the disparity of doses see, Hess, A. F., Lewis, J. tae nee K ML a Fe Boones, B. H., J. Am. Med. Assoc., 97, 370 (1931); Wyman, E. T., and, Butter, M478 (1932); Diseases of Children, 43, 1509 (1932); Gerstenberger, H.. and Horesh, A., J. Nutri 1933). Hess, A. F., and Lewis, J. M., J. Am. Med. Assoc., 99, 647 (1932); 101, 181 ( 14. og haem 
4 Supplee, G. C., Ansbacher, S., Bender, R. C., and Flanigan, G. E., J. Biol. Chem., 114, 95 ( ; 

Ansbacher, S., and Supplee, G. C., J. Biol. Chem., 105, 391 (1934). 
_ *“tLewis, J. M., J. Pediatrics, 6, 362 (1935). 
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ated with proteins, chiefly lactalbumin. It is to this prosthetically bound 
terol-like lipid, rather than to that free in the butter-fat, that they attrih 
ability to form, on irradiation, a particularly effective antirachitic agent 

Before. describing the methods employed by Supplee and others, brief m s 
will be made of the difficulties which must be overcome and of some of the tel : 
proposed in Germany and elsewhere. The early attempts to irradiate milk . 
usually marked by a tendency to overirradiate it with resultant deterioration in ‘“ 
and taste. Schultz ‘4? attributed this to the action of hydrogen peroxide wpe a 
protein and found that this change did not parallel the production of the antirachts 

potency. The irradiation of the cream alone did not affect the taste. He claj : 
that 15 grams of irradiated protein-free milk-fat cured rickets in childrens > 

yet, however, relatively little is known as to the nature of the deterioration du f 
overirradiation. Energy between 2600 and 3100A appears less active in flav 
production than that of wave-lengths shorter than 2600A. The range from 319 
to 3800A is more active in causing flavor changes than that from 3800 to 70004’ 4 

Anderson and Triebold+# passed milk through a commercial irradiator gigs 
times and could detect no marked changes in the chemical composition o; « 
the fat constants. Although the induction period for the oxidation of the fat y. 
reduced from twenty to seventeen hours by irradiation, the rate of deterioratin, 
over a period of six months was unchanged. Digestion studies im vitro with Depsit 
and with trypsin indicated a slightly increased rate in the early stages due posgsihy 
to the destruction of an antienzyme. Hoffman 146 used a mercury-argon dischare 
tube which emits little heat radiation 147 in the effort to lessen the changes in tag 
To overcome the difficulty of a lack of penetration of the milk by the efféctive 
(not over 0.1 mm.), he arranged to have it flow through an adjustable slotted 4 

tributor onto a cylindrical net of narrow-mesh wire in the center of which yw, 
placed the source. For treating raw milk, he conducted the process in the presenc 

of an inert gas to avoid the destructive action of ozone on vitamins A and C, _ 
Commercial milk irradiation appears to have been first carried out in Germany 

It is not feasible to give the details of the apparatus there suggested.148 
The Dry Milk Co.1*° proposed to spray the milk (liquid or powdered) befor 

the source for a period as short as eight seconds which, with the intensities use 
permitted the development of 75 per cent of the possible antirachitic potency befor 
the formation of a disagreeable odor or taste. Most irradiate the milk in thin floy 
ing films.15° ; 

Salmony-Karsten 151 believed it necessary to use an inert gas to exclude oxyge 

q d also to add a means for cooling the milk during the process. Hickman and 

3 ‘ckman 152 pointed out that exclusion of air is unnecessary when the milk is 

i osed while flowing in a thin film on one side of a milk cooler. The irradiation 

or a period of 8 to 30 seconds at a distance of 11 inches from a 2000 c.p. quartz 

 ercury-vapor lamp with reflectors. 

j Since it is a lipid that is the provitamin, the question has been raised as to 

ether it might not be better to irradiate the cream separately. Essig 1°? found 

ted skimmed milk to be only slightly protective, although the same whole 

“ilk when irradiated was highly effective. Kersten and Schultz 154 irradiate the 

eam and then return it to the milk from which it had been separated. 

a cently, however, Supplee gave reasons for believing that the effectiveness depends 

a some manner upon an association of the vitamin with lactalbumin, so that the 

4 aration of the cream seems unnecessary. “Furthermore, Dorcas. and Supplee 155 

“nd that under given irradiation conditions, the potencies which can be attained 

are not in proportion to the amount of fat present. Relatively high potencies are 

shown in samples with low amounts of fat. : Krauss, Bethke and Washburn,*°° 

» nd, however, that as the fat percentage increases, the activatability is also 

increased. Still the solids-not-fat fraction of Holstein milk may contain more of 

“the provitamin than that of Jersey milk, since the two milks can be activated to 

“the same extent even though the Jersey milk contains more fat and has a higher 

original potency. | . 

~ Hoefelmayr 157 described the irradiation of condensed, dried or curdled milk. 

Favorable results of clinical studies on the use of irradiated powdered whole milk 

were reported by De Sanctis, Ashton and Stringfield.58 Weckel and Jackson 159 

pelieved the most feasible method of irradiating milk was after evaporation of raw 

standardized milk at 208-210°F. until it contained 7.8 to 8.3 per cent of fat. The hot 

milk from the vacuum pan was then irradiated by a carbon arc by passage over a 

conical irradiator, after which it was homogenized, canned and sterilized. When 

; ‘diluted to the solid content of normal milk, the vitamin potency was 50 Steenbock 

“nits per quart, corresponding to 135 U.S.P. units. Cream could be successfully 

irradiated without the formation of undesirable flavors or chemical deterioration. 

_ Acids deyeloped somewhat more slowly in irradiated than in untreated milk. Sup- 

plee, Bender, Flanigan, Dorcas and Greider 16° find, however, that the irradiation of 

evaporated milk does not result in as high a degree of potency as the irradiation 

of fluid milk when films of the same capacity* are subjected to the same intensity 

and quality of ultraviolet radiations. Since the films of the same capacity of 

evaporated milk.are thicker and more dense than those of fluid milk, the penetra- 

tion is correspondingly less. Greater antirachitic potency of evaporated milk may 

be attained by the exposure of thinner films for longer periods of time or by 

increasing the intensity of the source, but it still does not equal that attainable by 

Chole 

ute 4 

whet" 
jrradia 

142 Schultz, O., Milchw. Forsch., 4, 37 (1927); Chem. Abs., 21, 3631 (1927). 

448 Schultz, O., Klin. Wochschr., 6, 848 (1927); Schultz, O., and Rohr F., Deut. med. Wochsch 
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144 Weckel, K. G., Jackson, H. C., Haman, R., and Steenbock, H., Ind. Eng. Chem., 28, 653 (1936) 
145 Anderson, A. K., and Triebold, H. O., J. Dairy Sci., 15, 469 (1932); Chem. Abs., 27, 784 (1933 
146 Hoffman, Proc. 8th World Dairy Conference, 460 (1928); Chem. Abs., 23, 5491 (1929). — 

147 From, V. C., Rowley, C. D., and Larsky, A. W., British P. 346,682, Oct. 15, 1929; Chem. 4D 
26, 537 (1932) specify the simultaneous use of infrared rays. ; 

148 Geffcken, H. H., and Richter, H., German P. 557,334, March 19, 1927; 545,080, March 19, 192 
545,886, Jan. 3, 1928; Lowenstein, L., German P. 552,263, June 6, 1928; Chem. Abs., 27, :353 (1933) 
Schindler, A., German P. 572,491, Feb. 8, 1927; Wiegand, K., German P. 541,991, Oct. 30, 1927 
553,016, Dec. 21, 1927; Ried, O., Austrian P. 116,463, Sept. 15, 1929; Chem Abs., 24, 2837 (1930, 
Kirsch, W., Chem. Fabrik, 150 (1928). q 

149 British P. 298,585, June 11, 1927, to Dry Milk Co.; Brit. Chem. Abs., B, 911 (1928). 

_ 150 Trebler, H. A., U. S. P. 2,001,555; British P. 428,434, May 13, 1935. In this a singlegyy 
irradiates several flowing sheets of milk. Trebler, H. A., and Larsen, C. J., U. S. P. 2,018,394 
British P..432,011, July 18, 1935; see also Robinson, F. W.,- and Larsen, C. J., U. S._P. 2,051,39 
Cuny, L., British P. 441,524, Jan. 21, 1936; Berndt, E. C., and Creighton, H. M., U. S. P. 2,065,094 
Chem. Abs., 31, 773, 2701 (1937); Henszey, R. O:, U. S..P. 2,060,865, Chem. Abs., 31, 1665 (1937 

161 Salmony-Karsten, A., Chimie et industrie, 22, 259 (1929); Chesney, J., U. S. P. 1,723, 6 
Aug. 6, 1929; Chem. Abs., 23, 4512 (1929) also excluded air. d 

=? Hi _ V., British P. 325,470, Sept. 12, 1928; Brit. Chem. Abs., B, 
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| 109 Supplee, G. C., Bender, R. C., Flanigan, G. E., Dorcas, M. J., and Greider, C, E., J. Dairy Sci., 
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* The capacity is the film thickness times the distance of film travel. 
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the irradiation ‘ of fluid milk fil 
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ete cycle of exposure to the range of impingement angles required a period 

of about 0.3 second. The thaximum potency was found to be attained within 

Searst few seconds. Over 238 variations ‘n the irradiation conditions. were 

studied in this investigation. 

There are two main types of apparatus which are employed in conjunction 

with the carbon arc, the flat and drum types (Figures 156 and 157). ‘Units of 

various capacities have been employed. The capacity may be as low as 625 quarts 

er hour, and from these larger synchronized units may be assembled. A unit 

employed early by the Dryco Co.162 had a normal capacity for the treatment of more 

than 5000 quarts per hour. 

Figure 157. 

National Type YN Milk 

Irradiating Unit. 

Courtesy National Carbon Co., Inc. 

Supplee, Beck and Dorcas,!62 by comparing the quanta of energy applied per 

ec. with the molecules of vitamin D formed per cc. showed that the potency is 

dependent upon the amount of energy applied, provided that the radiations lie 

within the antirachitic range. It was immaterial whether the energy was from 

the Corex D filtered or unfiltered carbon arc or consisted of reflected rays only. 

This was true within the limits of energy of 409X103 ergs (545x10"4 quanta) and 

9486 x 10% ergs (12,480 x 1014 quanta). Mica screens which transmit practically no 

energy below 2900A and only 45 per cent at 3150A do not permit any source to 

increase the potency of the milk. The relative effectiveness of an equivalent amount 

of energy from different sources was in the following order: C carbon, Mg carbon, 

mercury are and Sunshine carbon. When time and intensity were taken into 

account for practical purposes the effectiveness of the sources tested increased in 

the order: Mercury-vapor arc, Sunshine carbon arc, magnesium carbon arc and 

162 Mitchell, J. M., Eiman, J., Whipple, D. Vey and Stokes, J., Jr., Am. J. Public Health, 22, 

1220 (1932). 

163 Supplee, G. C., Beck, H. H., and Dorcas, M. J., J. Biol. Chem., 98, 769 (1932). 
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C carbon arc. The use ot Cor ; ex D filters reduces the amount of energy I these,” the milk is exposed while flowing on nearly vertical metal surfaces in thin 

Teaching in 5 of about 300 to 350 lbs. per horizontal linear foot per hour. The effective 

a d during exposure range from 9 to 60 inches in different types of 
By means of a reflected 

the milk per unit of time and 
buildine n causes a commensurate re 1 ' 

incident ae sere ares . cate oe ee nlcion a. " 

by Supplee, Hanford, Dorcas ace nate Ke cm. from an arc have been a CNergy 

2,200-2,400A and 2.400-3. 000A ck,*°* for the wave-length ranges 2,000.2 2008 

It was found ‘lost 

produce a ecm Set assays that the total quanta which must be a . 

of Tee ate eee ie in the rachitic rat was 59491015. From ee to 

0.037 of D, and es oe ina the assumptions that this must be eae (uantit . 

that there had been Seance ae were is that of ergosterol, it was a to. 

during the first few seco 4 -9X10!8 molecules of the vitamin. (This im ae 

age of vitamin, the Teepe mete . energy produces : detail 
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Rvidently pied eee Paulie for the 
irradiation of ergosterol cclnden ne the 
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ac, Hee oe ah cae oo beyond a certain point, 2,000-3,000 x 10'4 , When 

very brief periods. The PDE of vitamin occurs or destruction begihe vi PS 

2.5 million ergs oe = pares concentration was reached after a total] ee 

per liter or practicall fi 1 een applied. The concentration is then ab about 

The reflection of te ‘ol c coe of the untreated milk. Out 2.570 

of maenit violet rays from the surface of milk i 

ae cen ee Be ose a water surface.165 The degree of area che ort 

the energy between SEE ued aac At 75° and 45° incidence, about 3 = a 

20° 13.4 ee pees ae 3000A is reflected. At 30°, it is about 6 Ree can o 
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shou 

Cent,” 
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by fil : ght angles on a smooth quart one the 
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travel time and D potency was established. This may 

flow is turbulent, causing an interchange of substances in the surface zone within which 

g. Chem., 28, 1251 (1936). 
See also Beck, 

g. Chem. (Anal. Ed.), 8, 258 (1936). 170 Beck, H. H., and Weckel, K. G., Ind. En 

Chem., 30, 632 (1938). 171 Beck, H. H., and Weckel, K. G., Ind, En 

H. H., Jackson, H. C., and Weckel, K. G., Ind. Eng. 
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4176 that vitamin D from 

q It has been demonstrated by Hume, Lucas and Smit 

: 

of undamaged skin in the absorption . and reaction occ : 
urs. ‘The thickness of the film in thousandths of 0 

be absorbed from a small area 
may be calculated from 

| 

ilar Sct the capacity X by : 

velocity in inches per second is wees 2 ae be ae T1979 Xo: ee an ing 

relation to the amo 
aoe as unt of acti aes : The potency h ave — : 

tion is hyperboli thw: ve radiation applied 
cy has a Dadiated cholesterol can 

ind 

vitamin eG Nhe sea wae and sa arsed Ae € film 
capacity-poteney y nts sufficient to supply the needs of the rat and rabbit. Similar results have 

arc inputs of 300 joules e converted, the potency would be 2.0 I at if all the rela, a recorded by Astrowe and ‘Morget;*"? by Fodor,'"8 by Amrhein, and by 

per gram, they obtained 1.65 I.U. per seers .U. per gram Te pee Rad Tanséx at 

ates . : Si lo e mer 
‘ 

; : 
4 

= Bel 
orbed from the skin and the assumption 

Be The demonstrati
on that the vitamin is abs 

may exert a beneficial effect on the skin have prompted many proposals for 

‘ts Jocal application.
 Lorenz and Wodlinger 181 incorporate an irradiated sterol in 

toilet soap during crutching or milling. Cholesterol, phytosterol, zymosterol, etc. 

were irradiated with x-rays, infrared rays of cathode rays. Wearham adds 

| 1 to the soap or to the fats to be saponified and irradiates the mixture. 

“ergostero 
ate 

i etn q cosmetic skin cream, Goodall 18# proposed the use of cottonseed oil which 

fad been treated with ultraviolet rays along with a mineral oil and a waxy 

| 

for use in 

substance. Apparatus for irradiating wool fat of wool-fat alcohols 

Mepemetic creams has been described.15* 

| 

Autolyzed yeast, mixed with organic solvents and irradiated, has been Pro- 

d for use in treating the skin.18° 

- 

pose 362..(1927). 

and Smith, H. H., Biochem. Fe, Bhs 
912 (1935); Chem. Abs.; 29, 

R. A., Am. J. Diseases Children, 49, 

48 Fodor, M. E., Z. Vitaminforschung,
 3, 241 (1934); Chem. Abs., 29, 5487 (1935). 

479 Amrhein, F. ee er Pharm. Assoc.; 22, 182 (1934); Chem. Abs., 28; 8505 (1934). For a 

review, see Schuler, R., Drug and Cosmetic Industry, 385 485 (1936). 

180 Helmer, A. C., and Jansen, C. H., Studies Inst. Divi Thomae, 4,785, 92 ee , aes 

_ ist Be | linger, M. H., British P. 403,083, June 10, 1932; hem. Abs., 28, 

| Bead French b cogs iaa ees M19
33; Chem. Abs., 27, 3632 1933); Lorenz, A. J. U. S. P. 

i 9,060,228 (to Lever Bros.); Chem. Abs., 31, 566 (1937). 

482 Wearham, J., British P. 403,650, Dec. 20, 1933; Chem. Abs., 28, 3261 (1934). 

4838 Goodall, F. E., ii, ue 1,636,814, May 3, 1927; Chem. Abs., A, 2171 (1927). 

484 T.eo-Werke, German P. 622,373, Nov. 27, 1935; ‘Adsirian P, 137,455, May, 11 1934. 

185 Baeder Illatszergyar, R. T., Hungarian P. 114,585; July {? 1936; Chem. Abs., 39, 7284 (1936). 

Be 278 Bene, | E. M., 
Lucas, Nye 

_ 4i7 Astrowe, Pp. S., and Morgen, 

5158 (1935). 

Es Courtesy Hanovia Chemical and Manufacturing Co 

cure 159, Hanovia Milk Irradiator. | 

S f | 

insignificant or not measurable,!?? b ‘tami 
to an extent 

’ ut vitamin C may b : 
¥ 

less than the usual variations in RB ce dented cule ee: i milk. 
The question h as often be : 

be obtained by i nae en raised as to wheth 
ie er better 

y irradiation than by the administration of pe aS ee i amin in some form. 
Apparentl -e is li y, there is little if aes Fea any difference, but si iati ; 

able the latter must usually be relied upon ae therapy is tess readily e, 

, »., McEwen, H. D 

173 Supplee, G. C , H. D., and Morgareidge, K., I 

1353 » G, C., and Dow, O. . ge, K., Ind. Eng. Chem., 

? : +3 . ng. hem. 28, 1009 (19 oO 4 ren, 41, 

2s a0). 
174 See also Schoenl eber, F. 
re ae eee Abs. 32, pate ae H., and Baumann, C. A., Wis. Agr. E 

ritish Med. Re ; : | eee - Agr. Expt. Sta. Bull. 

ee Tijdschr. oe es re . Soc. Chem. Ind., 48, 279 (192 
“a 

Weer Rary and Bing, F. C., dm 1. Ph (1930); Machti, A. Pediok Gorter, E., and Soer, J. Jos 

violet ‘si rapie, 32, 769 (1929); Chem ysiol., 86, 633 (1928); ria. Rivista, 37, 1175 (1929); 

ebb cud EONS. TE Re ee eee ae 3 von Noel, L., and D oat 

. in Nutrition,” Univ. of Chiesee. ‘3 Blunt, K.; and md anon ae 

‘ 
. 

Oo ’ Tess, 1930. 
> 9 sé ta 



Chapter 41 

Ultraviolet Light and Other Vitamins 

Although some have suggested that vitamins other than D ma by the irradiation of precursors,! 
tions have been made repeatedly t 
C, is in some manner related to the processes of photosynthesis.? 

T’oo little is yet known of the mechanism of the photosynthetic form carbohydrates for definite statements to be made regarding a possible partic; of either vitamin A or C, but the evidence as yet available is not very st 

no evidence exists for such processes 

in favor of this viewpoint. 
Measurements of the ultraviolet absor 

significantly aided in the isolation and id 
the destruction of the purified compoun 
results. 

Vitamin C. Reyher and Meller 2 
with exclusion of air causes some 
irradiated in an open vessel under con 

-a complete destruction of the vitamin. 
irradiation of milk for the production of 
Kon ° observed that milk which origina 
the reduction of the indophenol reagent, 
sunlight. Treatment for an hour with hydrogen sulfide restored 90 per ce 
the original reducing value. 
the exposure, so that after six hours only 
hydrogen sulfide treatment. 
destruction in milk may be p 
tains that in pure buffered solutions at 
although it is rapidly oxidized in the 
Ultraviolet light, however, 
absence of oxygen.8 This 
by acid. Dehydroascorbi 
This oxidized form is not affected by irradiation. 

ption spectra of vitamin concentrat 
entification of the vitamins, and st 

loss in its antiscorbutic properties. 

vitamin D is not important.4 Boot 
lly gave the vitamin C test based 

Milanesi ® failed in attempts to increase the amount of this vitamin in oats by 
irradiation and concluded that it was destroyed or altered by the treatment, 

1 Bowden, F. P., and Snow, C. P., Nature, 129, 720 (1932). 
? Heller, V. G., and St. Julian, R. R., J. Nutrition, 4, 227 (1931): Heller, V. G., J. Biol. Chem., 76, 499 (1928); Crist, . 7, Smith, L. L. W., and Morgan, A. F., Ibid., 101, 43 (1933). 
8 Reyher, P., and Meller, B.. Klin. Wochschr., 5, 2341 (1926); Chem. Abs., 21, 2149 (1927).4 * Hottinger, A., Klin. Wochschr., 6, 1793 (1927); Chem. Dow, O. D., Am. J. Diseases of Children, 41, 1353 (1931). 
5 Booth, R. G., and Kon, 

chem. J., 30, 2273 (1936). 
6 Hand, D. B., Guthrie, E. S., and Sharp, 
7? Hopkins, 

6265 (1938). 

8 Kellie, A. E., and Zilva, S. S., Biochem. J., 32, 1561 (1938), 
® Milanesi, E., Boll. soc. ital. biol. sper., 3, 240 (1928); Chem. Abs., 22, 3911 (1928). 
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P. F., Science, 87, 439 (1938). 

y also be Produced 
b ,; nae: SSeS. Sugges: at the formation of vitamins, particularly 4 ane 

d 

ation of 

Patio 
Tong] 

es have 
; udies of 

ds during irradiation have led to definite 

observed that a prolonged irradiation of milk 
° . . . 

When ditions in which ozone may be formed, there is 
The loss which occurs in the pract} 

h and 
upon 

failed to do so after direct exposure to 
nt of 

The non-restorable loss increased with the duration of 
50 per cent could be restored by the 

The destruction follows a unimolecular course. The 
hotosensitized by lactoflavin.6 Indeed, Hopkins main- 

pH 7.4, ascorbic acid is stable in sunlight, 
presence of small amounts of lactoflavin.? 

causes a decomposition of J-ascorbic acid, even in the 
change is also accelerated by lactoflavin, but is retarded 

c acid could not be detected in the products formed. 

Chem. Abs., 25, 5915 (1931); 
W., and Dye, M., Ibid., 91, 127 (1931); 

Abs., 22, 798 (1928); Supplee, G. C., and 

S. K., Nature, 134, 936 (1934); Kon, S. K., and Watson, M. B., Bio- 

F. G., Compt. rend. trav. lab. Carlsberg, Sér. chim., 22, 226 (1938); Chem. Abs., 32, 
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ve | Tood’s light. 
10 found the reducing factor of lemon jutce to be oie! lee ne ae 

* - Euler and Klussmann,!! the optical activity or hex pnets v. , VWs. 
Be hen it is kept in a current of oxygen under ata has : ee ares 

, ial known to have an absorption maximum at 
acid 1s 12 3 : n alcohol. . 4 natural 

_ ae Harris 18 conclude that light 1s unnecessary aes content 
. - this vitamin. Irradiation of infant food did eA de vitamin had s ee bic acid. Mercury-are irradiation of Pines in Ab eens eee ne 

of asc btful regeneration. ) t gave but a dou of 
oe aa animals.14 Heller 15 has claimed that the pale ee ee 

wet scales A), although it occurs during the atte toa ie ne 

of seedlings in darkness, is accelerated by sierd to ne te: Berar 

2. Ws have since been reported by Matsuoka 16 and by a ve eae PES 
a rola 18 tend. to ascribe such results to an effect or temp 

and Le CE f the pea. | t : Bis: the case oO e p or : kin of a 
e “ Be astea that a brief irradiation by ultraviolet oe e 2 ceed 

a bie ‘ncreases its ascorbic acid content, although a longer o 
gun ekg | : wae . tion of nar- decreases If. 20 that vitamin C could be obtained by the irradia 

im of Rygh 7° that vitamin Acs ie 
: a ae te since been refuted.?+ It ae to have been P 7. 0 : F Lis : | Besitable biological testing of = Pee paren ees BP uekldate a NE oes | 

servers have noted irradiation, otential ae sarah opt ee such as methylene blue, to le ea en oe aie 
Be scorbic acid.22, It has been proposed to a es @ re te a 

-° ic acid in tissues. orm ns the assay of ascorbic acl : | cee Sank 
Vifin to lower its ascorbic acid content. Pigmented skin has more ascorbic acid 
] a fair skin. Buruiana believes it eet) See ae ihe Pores 

ma : : iodi erore the reduction of iodine of milk by comparing 

of the milk to sunlight.”® 

cultr 

peen d 

tive ac 
vitamin 

| growth 

cal 

: 3763 (1934). 
R.. Ind. ital. conserve aliment., 9, 9 (1934); Chem. oS ee Abs., 21, 4566 (1933). . 10 tlh 1. alas ie Servite E.. Svensk Kem. Tid., 44, i ets i : iss re ont Bor 

ity, Euler, H., : fs ee 1932); Biochem. J.; 29, bast 
By Herbert, RW, aad Hiv csure, 129, 720 (1992); Karrer, Be Sena gs 247 C1934); Plaut, E> 
er ee and moe 5Bi (1933); Robertson, E. B., J. us. 

* a bar Tpenrieier F., Z. physiol. Chem., “ 135 (1925); Chem. Abs., 20, 1651 (1926). i = 2 *. * : it. Med. ae ; . 3 : z 4 be 

, ee i Bee iets a Hee Exptl. Path. Pharmakol., 182, 164 (1936)] believed i 
14 ce anal ’ yee’ 7 ; 

4 ane delay in the onset of scurvy. me 

15 Heller, V. G., J. Biol. Chem., 76, 499 (1928). 
: Imp. Univ., 24, 37 ht 

Bo ea a camreeey a ee ee Japan, 9, 81 (1933); 12, 1203 (1936); 
’ 9 ’ ° 

- Chem. Abs., 31, 430 Beets 9103 (1937). Chinese 1Chew Secs, 208-1936); -C fa aye “WLee, Wei-Yung, and Read, Beas, KR. Setdkad Méd, Ja, 96, No. 6, Se tier ses ten 
fee7)- See also Tsuge, H.. an fe "and Ratsimamanga, R., Compt. rend. soc. , 

4 2254 a Pe ce 13 (1936); Chem. Abs., 31, _ V., Suomen Kemistilehti, 9B, ichalskaya, V. V.» 
Beas See. ela are N Va Lyubees Re Neaxive® Chem Seo iuleese (1937). 

. Pe. 7  Nauch. Inst. Lesgafta, 17, ’ ne: 226 (1938). 
iin = Giorn. ital. dermatol. sifilol., 77, 967 (1936); Chem. Be : a eee Castellini, ats h A. and Laland, P., Z. physiol. Chem., 204, 105; ’ ctgnimhda, J J. Bee 

ate 8 Z. Vitaminforsch.. 2, A M1933) 5 rea 27; 4960 ee ent eet 
chem. Baan, 17, 395 (1933); Chem. ee Be haved: 17, 547 (1934); he ea ee 

5 cS Sp ee po tec ke a oe Arch. Physiol., 74, 269 (1936); Martini, E., bvo 4 

ee sper. 20, 505 (1933); Chem. ee a ae sper., 9, 388 (1934); Maser te 
50 (1934); nee a can soc. ital. biol. sper., 10, 62 (1935); sgn ate ce Be : 

-” Bates f pot Dermatol. Syphilol., 35, 471 (1937); Chem. Abs., 31, 
2% Buruiana, L., Biochem. J., 31, 1452 (1937). 

(1932); 35, 93 (1935); Chem. Abs.,085 
DSis 

q 1937); Randoin, L., Giroud, Bess 

(i937) + ge 32, 2570 (1938). 
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; ‘ati i i rimidine *7 and Guha and 
oduced by the irradiation of a simple purine or py ee ica 

: irradiated adenine does not cure avia 
ist ae eee properties. This Schultz and 

tamination of the adenine used by one of the 

Vitamins of the B Group. During the early difficult period when the moll 
plicity of the water-soluble vitamins other than ascorbic acid was being invest; t 
and when but two such products were definitely recognized, attempts were » 
in anticipation of any knowledge of their structure or absorption spectra, to dice 
entially destroy one but not the other by the aid of ultraviolet light. This treatm "7 
was intended to be applied to yeast used in experimental diets for the Producten 
of deficiencies, the growth factor other than B, being the more Susceptible s 
Kennedy and Palmer 27 doubted that such methods could be relied upon, since hal 
factors could be destroyed, but with varying ease. Hogan and Hunter sha . 
that autoclaving had the opposite effect, destroying the antineuritic factor me 
rapidly than the growth factor. Hogan.and Richardson 28 claimed to have attaine satisfactory results in the destruction of the antidermatitis factor by mercury-ap irradiation. Guerrant and Salmon 29 found the destruction of the growth-promotin. 

factor to proceed more rapidly when the irradiation was applied to an alkalin 
solution. After the later recognition of the flavins as growth-promoting factone 
Hogan and Richardson °° reinvestigated the matter and concluded that jn irradi. 
ation of the diets both the flavins and an unidentified factor essential for the qa 
vention of dermatitis are destroyed. It has since been shown by others that the a 
antidermatitis factor is pyridoxine [2-methyl-3-hydroxy-4,5-di- (hydroxymethy]). 
pyridine]. In the determination of its structure, ultraviolet absorption spectra cay 
important information. Nicotinic acid, the antipellagra factor, has an absorptioy 
maximum at about 2600A.31 a 

Contrary to these observations, Halliday and Evans 82 state that none of th 
factors present in brewers’ yeast extract was destroyed by ten hours of irradiation 
Doubtless this result is to be ascribed to the presence of substances in the extracts 
which act as internal filters. It is now known that B, (thiamine), the flavins 
and nicotinic acid can be destroyed when solutions of the pure substances are 
irradiated by ultraviolet light (visible light in the case of the flavins). Gyorgy 3 
finds a pellagra-preventing factor to be destroyed by visible light, at the same tim 
changing from yellow to brown. q 

agnnot be pr 
Grakravorty * Ta h : 
Vrough they still believed it to have g 

altho er suggest may have wire aoe a con 

‘y _promoting vitamins of the b group. ' ae | i 

Be ressoth and Loofbourow * later studied ee of ii ams ooh ae oe i 

4 ring ‘rees of purity. It was shown % pu 

 ipenae 26 ; ne at OCBOA i 2350A. Ultraviolet, aia Negi 

‘ sicbind . incti fficients. n oxida duct, 
tivity and reduces the extinction coe 

4 Be hich a ‘an intense fluorescence employed for assay purposes, 1S rapidly 
4hi0C ’ 
F astroyed by ultraviolet light. 

| 

4 

° 
e e e e 

d observations of the destructive effects of irradiation with 

ciple light have played an important part in si ee of pu ae e 

:° h-promoting vitamins. The brilliant green 
means 2s eed eon and guided their isolation. That the flavins 
4 ei their d 

tt . 

Boone allcatine solut 
i inactivated by visible light 

4a aqueous alkaline solution could be photochemically inactiva _ y 

seas shown in one of the first papers dealing with these substance ; 

a this process there was produced a colored stibstance soluble in chloro- 

a; if BS ich came to be known as a lumiflavin or lumichrome.** | Tues 

3 - s shown by Kuhn and Wagner-Jauregg 44 that the photolysis consists 1n 

Bi Prlitting off of an oxygen-rich, nitrogen-free group of atoms: 

V 

ae CO 
gpsorPtio 
physiolos 

4g Absorption studies an 

Cy7HooN 406 — C,Hg04 >. CisHi2N4O2 

Lactoflavin Lumilacto flavin 

“Other flavins, such as uroflavin, maltoflavin and Huet ee ae ee 
ot ei e s . : the loss COL-a stgar- Me S$ = ° -.. ilar photolysis,#®° which involves ' h h 
mngergo a sim ‘as for this behavior, Kuhn and Bar 4® showed that when 
In searching for analogies or 1S $ re . ° the tetraoxybutyl pa : ; is j ted in alkaline solution, 
2-tetraoxybutylquinoxaline is irradia ; 4- 
% sid : held on a carbon atom is replaced by an atom of hydrogen with the form 

ae , In this case, however, the original com- ton of the chloroform-soluble quinoxaline. 

a band was colorless so that it was necessary to employ ultraviolet light. ' 
a Similarly, Ohle 47 found the closely related ee | 

- Joses not four but three carbon atoms as glycerin and yields 2-oxyquinoxa 

‘aldehyde. Irradiation of an alkaline solution of pentahydroxyamyl-benzimidazole 

i 

Before the chemical purification of B1 concentrates had advanced to a stage in’ whic 
sulfur was recognized as a constituent of the compound, attempts were made to prepar 
the vitamin from various precursors. Heyroth and Loofbourow* called attention to the 
resemblance of the ultraviolet absorption spectra of highly purified concentrate 
to the spectra of purines and pyrimidines and noted that irradiation of the latte 
with ultraviolet light from which the shorter wave-leneths had been excluded seemed 
to increase the resemblance. They showed, however,” that irradiated nucleic a | 
and irradiated uracil lacked antineuritic and growth-promoting properties. Guha®™ 
claimed to have been successful in producing the antineuritic vitamin by the irradia- 
tion of adenine. Other workers confirmed the observations of Heyroth that the vitamit 

Chem., 219, 158 (1933) Sure, B., Bigchem J. 2, 2043 

tI ; ishi, T., J. Agr. Chem. Soc. Japan, , : : ae 

a any dione ee irradiation of a polyneuritic ae aera - Ry 

icrizenecky a Arch. ges. Physiol, (Pfliiger’s), 204, 407 (1924); 211, 6 oar ; ; 

a . 
| : 195 

J i. B. C.. and Chakravorty, P. N., Nature, 132, 447 (1933); J. Indian Chem. Soe., ‘11, 
: 1934); Chem. Abs., 28, 5503 (1934). sae | ee 

#6 Hogan, A. G., and Hunter, J. E., J. Biol. Chem., 78, 433 (1928). ! ( : a Be eyo cevccon) 1 R, Buls Bame Se Ressarchy fy 98, 1982) Navurg, if 

27 Kennedy, C., and Palmer, L. S., J. Biol. Chem., 83, 493 (1929). 3 | (1984); Biochem. J, 30, 651 (1936); see also Leters A. Ay tit steiner, O., Williams, R. R., and *8 Hogan, A. G., and Richardson, L. R., Mo. Agr. Exp. Sta. Research Bull., 178, 3 (1932). 4 - aN Se ae egg Js ery. . 

*° Guerrant, N. B., and Salmon, W. D., J. Biol. Chem., 89, 199 (1930). _ Ruehle, A. E., J. Am. : ne <7 (8 
H gan, A. G., and Ricl 1 a 

. 4 4 

2 4 
; 

Ww Chem. Soc., 56, 2010 (1934); Kakefuda, H., . : P a 40 Heyroth, F. F., and Loofbourow, J. Ris, Fs Am. . ; 

Exp. cre Bull. 3 ichardson, L. k., ture, 136, 186 (1935); Science, 83, 17 (1936); Mo. Agr ; ane ie Rae H6078 C1935). 4 H 

ee as a ). 
_ Fukuoka Acta Med., 27, 99 (19 4); Chem A s 

41 Otto, H., and Rithmekorb, F., Klin. Wochschr., 17, 1246 (1938); Chem. Abs., 32, 9133 (1938). 81 Compare the absorption of a growth-factor called B, by Karrer, P., and von Euler, H., Arch ¥ », O., : p d Wagner-Jauregg, T., Ber., 66, 317 (1933). Kemi, Mineral Geol., 11B, No. 16 (1933); Chem. Abs., 27, 5101 (1933). ~ _ “Kuhn, R., Gyorgy, P., an ee et pire nr Np TNS 
*? Halliday, N., and Evans, H. M., J. Biol. Chem., 118, 255 (1937). _ “*Ellinger, P., and Koschara, W., ee 66, 1577 (1933); Kuhn, R., Rudy, H., and Wagner- 83 Gyorgy, P., Biochem. J., 29, 767 (1935). 

d ; a * Bete ben Cassy eee ‘err 8¢ Heyroth, F. F., and Loofbourow, J. R., Bull. Basic Science Research, 3, 237 °€1981). 4 7 ... Kk ee. Nature 133, 178 (1934); Koschara, W., Z. physiol. Chem., 229, 103 (1934); Bierry, 
“> Heyroth, F. F., and Loofbourow, J. R., Nature, 131, 92 (1933); Bull. Basic Science Research, % Petl., and Reason. D., Compt. rend., 200, 2116 (1935); Chem. Abs., 29, 6911 (1935). 

es oi _ “Kuhn, R., and Bar, F., Ber., 67, 898 (1934). Guha, B. C., Natwre, 130, 741 (1932). Bonner, J., and Greene, J., [Botan. Gaz., 100, 226 (1938); me 47 O}, ; 85 (1934) Chem. Abs., 32, 9185 (1938)] believe the thiamin content of pea plants increases in light. 3 j le, H., Ber., 67, 1 ( , 

Fr a7 Schultz, F., and Laquer, F., Z. physiol. 
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4 must also be noted that th e methods of irradiation which proved so helpful 

gives a small nt 
Here amount of benzimidazole; the main photochemical prod | 

roduct . 
ne : : 

Was Bie study of the constitution of the flavins had in fact been based upon similar 

vious observations of the behavior of a yellow oxidation enzyme obtained from 

py Warburg and Christian, and which contains a flavin prosthetically 

163 show that so long as the active It was later show yn by K y Kuhn and Rudy *° that during the loss of the 4 ; 

sug ar]: 
pr 

a east 
° 

J 
ations by Theorel 

combined with protein, it is unchanged by light, side-chain in the pho ; 

nitrogen atom. ‘ieee ee is ete alkyl group becomes atty i] 

6,7,9-trimethylisoalloxazine.°° oat aan 1umilactogsil ig to 2 protein. OPSSrS 
In 10 (flavin phosphate ) is ined 

, whet liberated in alkaline solution 1t behaves like lactoflavin. The destruction 

( 
dly in the presence of oxygen than in 

In an argon atmosphere, 
¢ the favin or its ester proceeds more rapi 

4 absence, but more rapidly in air than in pure oxygen. 

: ucoflavin phosphate is first formed, and on continued irradiation in the 

£ oxygen slowly splits to 6,7-dimethylalloxazine
 ; on the admission of air, 

und is at once oxidized to deuteroflavin phos- 

yi 

In work on th 
Piachler and’ B a synthesis of substances simi 

: : enz 
: s similar to 1 

EN ie by sunlight eet mari
an o-(betahydroxyethyl} Apes. Schiite 

irradiation 
: : n gave 9-methyli . OxXazj Ug 

gave alloxazine and its 9-methy! eae eee ere In alkalin Ine wh 

° rome was als © Soly 
Le, 1 

-1Q 
ee e 

© obtain 
jester 

from ovoflavin e” d lactoflavin.® 
; 

to the presence of ac avin. Karrer attribut ; 

single B- h 
. utes the light-sensitivi 

a 

When a_ synthetic sienna 
geen ie sugar-like 

Bie of lactoflay: spsenice a ‘ sy 

, 
vin, 9-(2’,3’-dihydroxy-l’-i 

a Eawever, the unchanged leuco- compo 

y~* -1Sopr opy! ) isola “| ate, which is rapidly split to dimethylalloxazine 
by light. Therefore, in the pres- 

j 
ocompounds are not formed. Ina strongly alkaline medium, 

o lumiflavin without the formation of 
zine, is illuminated 11 
Alice ar ae a water or methanol solution, it 

, e : n, it slo 

the side-chain. Teese” agi to start at the Caer down yielding’ sop Ps of ait the deuter 

pea) by the action of (ies pare te eee easily soluble dae DOSition ance OF 

y sunlight of a flavi Poe: alloxazine could be det BA Pounds we, 

2’-methy1-1’ avin containing a tertiary hyd etected.* The decomposi# 

-propyl) isoalloxazine, h y hydroxyl group, such } 

genation occur at the or ca €, nowever, shows 55 that i i hae 
as 9-(2 

Eee ee Cyd lead Se 
a ee 

group. s with the oth n with flavins containin eCOMpositigy a 

. 
a 

It (6) 
3 . 

methanol than in water er flavins, the photolysis Wroneads be 
: secondan it a : 

; 

y in aquegm ~ Morton al 

a absorption ba 

hanged quantitatively t 
€! 

the deuteroflavin
 is Cc 

‘methylalloxazi
ne. 

4 Vitamin A. Absorp 

the constitution of vitamin 

e diet, being converted int 

d Heilbron ®° showe 

nd at 3285A, the intensity of which 

the depth of a blue color produced by an
tim 

have played a large part in the study 

tion spectrum studies 
at of carotene which may replace 

A, as well as th 
igh 

o the vitamin in the live 
trates exhibit a prominent 

d that vitamin A con
cen 

accords with the potency 4° 

ony trichloride. In some 

absorption band may be 

“ 

Subsequent] “ 
wae y, Karrer 
tinction between the tae perce ane Zehender * drew more clear] 

ac 
4 

= 

if 
2 

. ° 

oflavin to lumichrome (that is, lo determines by fo acre iietln 7 paar 

ne ) 
a 

.. fish O1S, owever, aS 1n d0gs sh Ol, e characteristic 

ds due to other substances. General confirmation of the 

Drummond and Morton.®® Evi- derivatives whi ° ch occurs in . 

which fails to react i neutral solutions and that 

‘ ct in neutral 1 : ° at of 9-y-hydrox 
' oF 

solutions. The former Ens aa ane ee decomposed to Tloncine aa : masked by absor tion ban 

Sf CCR CT aOR Ven eee oad : 
. Bion of Fees Saban 

at 3280A was given by 

q 
been brought forward recently tor the existence in the livers of certain 

‘on maximum dis- 0 absor 

x fishes of a second vitamin A, Ag, with an absorpti at the B-CHOHCO.”” 
¥ dence has 

Flavins ma 
; y exert a photosensitizi i 

tion potential f ‘n ii sitizing action upon ascorbi ee . .. 

alls in light more rapidly in their presence He acid since its oxids fresh-wate 

an in their absence.58 placed to 3450-3500A.°* 

g meethe Hilger Vitameter has been introduced to facilitate the assay of vitamin A 

n the development of absorption assay methods 

by measuring the 3280A band.68 I 

6 Warburg, O., and Christian, W., 
173/493; Chem. Abs., 29, 7362 

The brilliant fluor orescence of the flavi 

and practical rapi e flavins has been empl 

of flavins in Bele pena for the application of the Pia a essa 

een given by Whitnah, Kunerth and Kramer A i 
980 (1932); Biochem. Z., 258, 496 (1933); Brit- 

Naturwiss., 20, 
(1935). 

Supplee, A nsb . 
, acher, Flanigan and Hanford.®1 

48 Kuh f 

q ey P. 430,571, June 

#9 re = ee
 Bar, F., Ber., 67B, 898 (1934); Kuhn 

gq 
68 Theorell, H., Biochem. Z., 219, 186 (1935). 

50 Kuhn. R. pen
t ie Ber., 67, 1298 (1934) and Weygand, F., Ber., 67B, 1939 (1934) a m poston. a A., f i i 

ae ie ere and Hormones: 

i “ia emund, “ 
3 

ae London, : ilger, 
* 

’ 5 osenthal, J., an 

Meigen ae (1934)] state es bed eis 
F., Ber., 67, 1460 (1934); Kuh 

; ‘Weltner, M., Biochem. 
35); De, N. K., Med. Research, 22, 509 (1935). 

eee ee 
al comics aimilaahs ‘toemeds biysarradittion Ete a He _ % Morton, R. A., and Heilbron, Nature; 122, 10 (1928); Biochem. J., 22, 987 (1928). 

c kevg “BCHIICILED, “Fl. PE 

utral or acid ¥ 
and: Morton, R. A., Biochem. Ju, By 735 (1929). Morton, R. A., Heilbron, 

52 Karrer, P., and Scho K Behe K. and Benz, F., Helv. Chim. A 
a : ay EF.’ S., [Biochem. J, 24, 136 (1930)1] answer certain objections raised by Rosen- 

68 Karrer, P., Salomon <~ s Helv, Chim. Acta, 17, 1557 (1934 - Acta, 17, 1516 (1934). 
hei : tT. A., Ibid., 23, 633 (1929). See also Woodrow, J- ~ and Cunningham, 

1010 (1934), ’ Hi, H., Schépp, K., Schlittler, 
be 

a oa, L.; Phys. Liao, ao (1930) ; Woodrow, J. W’; and Philipson, J. B., Proc. Iowa Acad. Sct., 3%, 

Be ter Pp 
, E., and Fritzsche, H., Helv. Chi a a : 

ye Hey, DEES ES 2s and Morton, R. A., Biochem. T.,, 20) 1523 (1932); Chevallier, 

, P., and Meerwein, H., Helv. Chi 
: wm. Acta, My ~ oe A. | Ch bre, P., Biochem. Jig 2hy 2h (1933) 5 Josephy, B., Acta Brevia Neerland. Physiol. Pharma- 

. Chim. Acta, 18, 480 (1935). 
Rol. Microbiol., 3, 133 (1933); Chem. Abs., 28, 2467 (1934); Crews, S ., and Cox, S, J., Analyst, 

4 "#85 (1934); Chem. Abs., 28, 2750 (1934). 

+8 Gillam, A. ©., Heilbron, I. M., Lederer, E., and Rosanova, V., Nature, 140, 933 (1937); Edis- 

Simpkins, G. W., Ibid., 140, 934 (1937); Lederer, E., and Rath- 

are Chevallier, A., and Choron, Y., [Compt. rend., 

d hepato-forms 55 Karrer, P., and Meerwein, H 9 “3 ee , rwein, H., Helv. Chim. Acta, 18, 1126 (1935) 4 > bury, J. R. Morton, R. A., an 

R. H., Biochem. J., 325 1252 (1938). Comp 

107, 1443 (1938); Chem. Abs., 32, 6298 

to Adam Hilger Ltd.; Chem. 
British P. 

Ss 
9. 1936, to Adam 

56 Karrer, P., Koébn 
? 4 er, iL Salo 

; 

Kor further detail , mon, H., and Zehender, F., H 
‘ os lu. } 

Dahon SOREN Muusette oC brates structure of related i ie Acta, 18, 266 (1935). 

nder, F., Ibid., 19, 261 (193 ne Chim. Acta, 18, 1134 S as affecting the photolysis, see, 

istingul 

58 Martini. E! a ( 6); Karrer, P., and Niet a ae Karrer, P. Kobnes vr A 

(1938) ] who distinguish hemo- an 

eae Fie ron mos ital. soc. biol. sper., 9, 12: » R., Lbid., 19, 1029 (1936). a 

Fel AF TS 1, 9, 1235 (1934); Cl 
iz 

(1938); Chem. Abs., 32, nape saa 29, 2580 (1935); Siill : 5 ee ae Follet, D- ee iP. Ae 3842? ose) 

; 
, : - Trish, F. W- J- Ssoc. 

; ; 

} .- Notevert, O Biochem. J., 29, 
Cc A. aad 

Cc. A., Steenbock, 
M. 

G 
7 

ae Josephy, B. Act B . 

3362 antes a Brevia Neer . 

5. 18 See | ane te a ee e
e ee. Microbiol., 4, 46 (1934); Ch 4 

and Gouzon, B., a cae 4044, 4790, 5482 (1935) Kua Pharmacol, Microbiol. 4, 86 “C934): 
. Chem. "547 (1933); Baumann, 

and Fritzsche, H,. Halo. Lice Mea Utes Weak (1933): Chem. eee (1935): Bierry, He 
108, 167 (1934); Shrum, G. H., sid How, TE, Gx Can. 

Chen a te. Pharmacol. Microbiol on (1935); van Eekelen M.. aed eee (1935); Karrer, Pa | 
W., and Rudolph, L., Sci. Agr., 16, 398 (1936); Chem. A 

‘ P ); 9, 523 (1937), ses LOSS) Weisberg, si pera Acta Bie 
- Leonard, ©. et f

m. Pharr, on a BR eS he Len
e soles Piet 

7 
> Le, LNG. gs 

2 . 
oe) 3 . *9 ’ 2 

’ : “3 9 ’ 
5 

a . 
Nijveld, W. J+ Chem. Weekblad, 

; : 

} 
W. D5, Wusiolien Lae 

Inst. J. and Proc., 5; : 7 

R. L., and Reddie, J. W., U. 5. P,. 2,123,873; 

60 Whitnah, C. H., K 
, ©. E, Kunerth, B. L 

61 Supplee, G. C., A 1B. I,-and Kramer, MM. Ms v0 A 

’ nsbacher, S.: Flanigan, G: E., and Wiutaar's ae
 Pa ie 1153 

(1937). / 

_ ° oy, J's ary Sct., 19, 215 (1936). 



854 LHE CHEMICAL ACTION OF. ULTRAVIOLET RAYS ULTRAVIOLET LIGHT AND OTHER VITAMINS 855 
f 

oti studies indicated that the first decomposition products account must be taken of the absorption of carotene since that substa a 320A. Their absor sheuration) bandvinihe region 2750 to 2850A. Nee . physiologically equivalent to the vitamin. Its absorption spectrum is differe a aa vitamin might possess an dil 62. foudlave lacking the band at 3280A. It has bands between 3300 and 3400A and betwall of ., rich shark-liver oil was employed. eee i gia ts aredttttan 
2630 and 2950A.7 The discovery of the conversion of carotene into vj ” n of the vitamin in butter-fat to be proportiona ; tamin , sactrtictlo d. The process in the liver has been followed by spectrographic methods. Capper 7 showed + : destt ly proportional to the thickness of the layer expose Pp 

: NIA Ai La < tha and inverse ; the liver oil of rats deficient in vitamin A lacked its characteristic 3280A bant a be retarded by surrounding the fat with an inert gas teen 
and that this was present in the liver oil of rats which had been cured by if ss Norris 8? used both colorimetric and biological assays and conducte 

ie ine : | : ; ioxide, at administration of carotene. Basu 7? suggested that this change can occur only _. of cod-liver oil in a rotating closed quartz aie ra, ae nt 
animals receiving ultraviolet radiations. Bowden and Snow 7? belj : ton la vag 15? liminary work indicated an indu ceiving aviolet radia Ww Ww elieved that 4 remperature not over 15°C, .-Pre x ats 84 this could be confirmed only irradiation of @-carotene in cyclohexane produces a change in the absorpe 
spectrum indicative of the production of vitamin A, but Dann 7 believes that thi. 
is precluded by the fact that the vitamin is more rapidly destroyed than is Carotend 
by the 2650A line. . a 

The extensive work on the assay of vitamin A by the spectrophotomets, 
measurement of the intensities of colors produced on the addition of antimony ty 
chloride lies beyond the scope of our present discussion. 7 

The photochemical destruction of vitamin A has been very extensively studied 
Earlier divergent findings were in large part due to the use of the antimony tr}. 
chloride method, the results being somewhat masked by the effects of the Several] 
other chromogens which may accompany the vitamin in the oils and concentrates 
studied. It was first observed by Peacock ™ that the exposure of cod-liver oj] d 
white light caused a loss of its fluorescence and of its ability to give the arsenic 
trichloride test then employed for the determination of the vitamin. The. ability 
of the oil to promote growth in rats was lost. Confirmations were reported by 
Holmes and Pigott and Titus, Hughes, Hinshaw and Fitch 77 stated that the 
irradiation of milk by a mercury arc caused a loss of some vitamin A. Zilva %8 
reported that the irradiation of butter with ultraviolet light did not lead to the 
production of toxic substances as had been reported by Spinka.79 ; a 

Willimot and Wokes ®° irradiated cod-liver oil in an open dish only three inches 
from a mercury arc, the temperature rising to 70° in 90 minutes. One third of the 
vitamin A, determined by the colorimetric method, was destroyed in the first 
hour and the whole of it in two hours. They also noted that after a few minutes 
of irradiation, a slow destruction of the vitamin continued for a long period. Mor- 
ton and Heilbron *! confirmed the results by noting the disappearance of the band 

4 . h in subsequent experime : ; 
about two eae v plot zu the reciprocals of the chromogen which with biological assays. ales OF 

ony aictilotide gives absorption between 600 and ae a eacrarueent ts fost 
antl The vitamin content reached Z e a straight line. e exposure Sav 

mit: S. 4 ‘ Y st 

-. colorimetric determinations, Evers ®° found little or ng eens a be 

0 Bars after which there was a slow ee Bos ‘ ita ‘i fe ritedee 

4 re ide blue color during irradiation in alr. 
; in the antimony trichloride | : h 88 

Ried by Drummond,8* this observation was confirmed by Norris and Chure 
enl , : 

and by Heilbron, Gillam and Morton.*® 

Wave-lengths shorter than 3350 to 3400A a 
: ° > 90 

a ties = found carbon-arc irradiation of _ hexane er of an omeenGe 

i tion oO e ‘able vitamin A concentrate to produce a cage fe ee 

ars aS ee 
of new products which in 

en - Ect oved at different rates. One product formed may be an fa 

- tween ea A and B-ionone.9? From the results of the use of filtere 

ae Be chevallice and Dubouloz 94 calculated the quantum yield as Ais 

+ : d that the decomposition follows a somewhat different course in hen 

a Bnd in slightly alkaline ethanol. It is claimed that the formation of ee 

Bs cosition “products may be recognized by analysis of the spectrograpnic 

results.°° 

re required for the destruction of 
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to Bi ivans isomerization. Morton, R. A., Nature, 141, 552 ¢ ‘ eee 
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7 See also Woodrow, J. W., and Philipson, J. B., Proc. Iowa Acad. Sct., 38, 218 (1931); Chems Abs., 27, 2184 (1933); Winterstein, A., Z. physiol. Chem., 215, 51 (1933); von Euler, H., and Kluss- mann, E., Arkiv Kemi, Mineral. Geol., 11B, No. 17 (1933); Miller, E. S., Plant Physiol., 9, 179 
(1934); Bot. Gaz., 96, 447 (1935); Plant Physiol., 10, 375 (1935); Karrer, P., and Solmssen, U,, 
Flelv. Chim. Acta, 18, 25 (1935); Castle, D. C., Gillam, A. E., Heilbron, I. M., and Thompson, H. Wa 
Biochem. J., 28, 1702 (1934). Carotene may be bleached by ultraviolet rays in treating cream for 
fon according to H. E, Kistner, U. S. P. 2,119,461, May 31, 1938; Chem. Abs., 32, 5526 
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Chevallier uses the changes in absorption at 3250A during irradiation idl 
method for the spectrographic assay for vitamin A.%® 

Dried spinach loses 70 per cent of its vitamin A during fifteen month, _ 
storage in diffused. light. Ultraviolet light also decolorizes a petroleum a 

extract of carrots and destroys its vitamin A action.9* Alfalfa leaves bleache: 

in sunlight also show a loss of vitamin A.98 The same is true of ghee.®9 a 
The decolorization of carotene is also accelerated by ultraviolet light 100 all 

it may be this which is changed in alfalfa°! Some observations on the Photo 
Oxidation of g-carotene in ultraviolet light, reported by Baur,! indicate an indue 
tion period, after which the course of the oxygen uptake in chloroform solution + 
autocatalytic. “There may be a reversible formation of a photo-oxide. The chanoa 
in absorption spectra of carotene and xanthophyll have been followed during thes. 
slow oxidation by McNicholas.1% 4 

Kuhn and Winterstein 1°4 have isolated from saffron a dimethyl ester of a sil 
stance isomeric with crocetin. It is converted into crocetin by the action of pj, 
or violet, but not of red, light. Radiations of wave-lengths less than 41504 an 
not essential to the reaction. The isomerization may be of the cis-trans typ, 

Vitamin E.1°% Ultraviolet irradiation déstroys absorption bands at 2860 4, 
3200A at the same time that the activity of a concentrate is diminished, according t 
Bowden and Moore.1°* Bands at 2400 to 2850A are unaltered. The associg 
tion of a band at 2940A’ with the biological activity is confirmed by Drummong 
Singer and MacWalter,!°7 who also find it to be diminished by irradiation 
Olcott,1°8 however, believes this band due not to the vitamin but to some clogeh 
related, difficultly removable substance. : | 

Extracts of the antihemorrhagic vitamin retain their potency after 24 hous 
of exposure in a sealed tube to the light of a 500-watt lamp at three to foy 
inches.199 Later, Almquist 1°92 showed direct sunlight to destroy the vitamin, 

cur it substances in two different histological structures, the rods scattered 

- ughout much of the retina but particularly toward the periphery, and the cones 

| B iced near the fovea.tt1 The changes in the former, effected principally during 

con in dim light, are not concerned with color sensation, as are the changes in 

ees which are brought about primarily by bright light. 
' The processes are regarded as deviations from photochemical stationary states 

cet up during the period of accommodation to light of various intensities. Little 

4 known as yet as to the photochemistry of materials in the cones.114 The pos- 

Xpility that a flavin, known to occur in the retina, may be concerned with color 

- a and thus have to do in some manner with processes occurring in the 

i nes has been mentioned by Theorell.1'? 

Since the pioneering observations of Boll in 1877 "4 it has been known that 
the rods contain a substance known as the visual purple, which is bleached by light. 

Weigert and Nakashima 145 investigated the photodichroism of the product as 

obtained from the retinas of frogs and spread in gelatin layers upon glass 

ipiates. : | ana ne oe 
' When applied to photographic plates, the visual. purple usually diminishe 

yather than increases their sensitivity, but Kogel,™° who reviewed the photo- 

chemical behavior of this material, observed a transient sensitization In a special 

case. | ° . j ° ° 

The bleaching of visual purple solutions in monochromatic light has been 

found to have a quantum efficiency of unity or very slightly less.4" 

The process is not one of oxidation, according to Brunner and Kleina 

The oxidation-reduction potential curves of solutions of visual purple have been 

investigated by Pincussen, Suzuki and Seitz.119 Kodama meu has measured the 

glucolysis and oxygen consumption of the rat retina in light and in darkness. 

The protective factor against nutritional encephalomalacia in chicks is als During the first thirty minutes, both the oxygen uptake and the aerobic glucolysis 

resistant to ultraviolet irradiation.1° a were much greater in darkness, but during the second thirty minutes the oxygen 

i uptake diminished rapidly and approached the rate in light. The oxygen con- 

sumption was not proportional to the intensity of light with either continuous 

or short exposures. Aerobic glucolysis was but little influenced by the intensity 

of light. The gas exchange and oxygen consumption decreased temporarily 

in all cases in light, the latter showing the greater decrease. In colored light, 

the oxygen consumption was greatest in red, less in green and least in blue 

light. Aerobic glucolysis varied less, but in the same order. In sugar-free 

u.118 

PHOTOCHEMISTRY OF VISION. 

It is only possible to note briefly that there has recently been a growing interes 
in the mechanism of vision. The photochemical changes involved are believed t 
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® Quinn, E. J., Hartley, J. G., and Derow, M. A., J. Biol. Chem., 89, 657 (1930). 
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Ringer solution in darkness, the oxygen consumption was high at first but 
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A and apparently lost to the retina by diffusion processes or in an unknown manner 

858 THE CHEMICAL ACTION OF ULTRAVIOLET RAYS 

oe eee In the presence of 0.1 per cent sugar in the Ringer sol; q 

if eat € oxygen consumption, high at first, rapidly decreased to on ution it 

¥ cg value, but the aerobic glucolysis decreased but slightly. In the a of 

Sars arian of sugar, the oxygen uptake and aerobic glucolysis wad 
= pe ow at the start and decreased but very little. In darkness 7 
ase ysis was equally high in solutions containing 0.1, 0.2 and 0.4 oa Dic 

eee and Noyons,!21 also found the carbon dioxide produce of 
as 22.9 per cent and the oxygen upt ~*L0n ie 

ness than in white light. ae | piake 26.9 per cent greater ag dark. 

122 7 ; 7 
: nigel observed that when the dark-adapted beef retina is ex a 

: es i eee Beet the ammonia content increasing from 200 to SGI to 
; is effect, which can be inhibited by glu per 

observed in the light-adapted retina. y prmeoses, aches: OF Py ai 

ties shies ke Nias ac eharnlene of the visual purple have revealed intima. 
ot only to such compounds as trimethylami ae 

also to carotenes, vitamin A, and the flavins.123 Se Be creatinine, but 

Observations on night blindness, a vitamin A deficiency,!24 led to the dj . 
O oe A in the normal retina. Wald125 showed that mammalian ae 
one agra Ze Y, and frog retinas 400 Y per gram of dry retina. The “indell i 

Ps ayers contain also xanthophyll. The function of the vitamin 4 oe 

mah ides e Sea for the formation of the visual purple which is lost in a 
cal bleaching process. There is also present in th as 

yellow pigment, known as retinene idee ioe © 
a , of carotenoid nature. It does not i ; ve Ne oc a 

at erent with some other non-diffusible substance, probably a protein ae tree 

g tg apted retina, the retinene is replaced by some vitamin i 

uring vision the visual purple is converted i F 
, ince ; photochemically into visu aa 

ae niger protein and retinene. This change is renee to be thecal 
with regeneration of visual purple. Mirsky 126 ; 0 

prosthetic group, retinene, is firml . : at ‘suggests that th 

: slide de ; y bound in visual purple, and th 
of its bleaching to visual yel ists i Purple, anc tat ae yellow consists in a denaturation of the protei oI 
the retinene is bound loosely i | non the prover! a 

y if at all. He concludes the ener ‘vation : : gy of activation of 

Bone a Th e poy) he istaly purple sbeing denatured Gbyia quanti 
Heh : e function of the retinene in th i J 

Whe the protein denaturation to light. © vieual Duy ae 7 

uk a ta visual yellow has been produced, it may either regenerate its oi 
ose some of its retinene which is then thermally converted into vitamin 

Teseng 
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iaseaieasti of eau purple has to be made up if night-blindness is to be averted, by 
a Suite hee: ed eee ie pigmented layer which Wald has shou 

mounts of vitamin A. At least this i i ool 
eye, at retina of which has no blood supply.127 ute om 

etails of the effects of temperature, pH and seasonal variations on the bleach- 

121 Jongbloed, J., and No ; 

eee i wim ae bet im dae at 
107. LU08F a. 7 n. Chem. Ztg., 40, 203 (1937); Wald, G., and Zussman, H., Nature, 140, 

1516S Coe Am. J. Ophthalmol, 7, 89 (1924); Fridericia, L. S., and Holm, E., Am. 1. Pisa 

Whey oie pais Pee (1935); 19, 781 (1936); Nature, 134, 65 (1934). | 

are Ye Pic, ia, "3s B05 Sr oBatlgl H- aaF aD eds, the a 
splits visual purple int i ss : 
bleached aah” og Slices. o protein and a colored lipid called visual yellow, which may be further 

deco 
{nl aci 

sition © 
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reaction course, but that of the extracts of winter 

are made alkaline. 

ave rec 

‘plete bleaching,**° 
Chase believes may,. 

the visual purple. 

through a cycle in light, 

~ Salomon,'*? suggest that the first step 

pe a photodissociation of ovoverdin, rat 

carrier. 

ULTRAVIOLET LIGHT AND OTHER VITAMINS 

of visual purple have been repor 

mposition product of certain retina 

d and colorless in alkaline solutions. 

{ the bile salt extracts of the retinas o 

Some attention has been devoted to the n 

as the orange intermediate between visual purp 

131 

Porphyropsin, a purp 

/128 Chase, A. ey 
(1937); Wald, G., J. Gen. Physiol., 21, 795 (1938). 

129 Hecht, S., Chase, A. M., Schl 

, Chase, Ao’ M., 

n 
and Shlaer, S., Ibid., 85, 567 (1937). 

130 Wald, G., Nature, 139, 587 (1937). 

131 Chase, A. M., Science, 85, 484 (1937). - 

132 Wald, G., Nature, 139, 1017 (1937). 

483 Stern, K. G., and Salomon, K., Science, 86, 310 (1937). 

127 See also Wald, G., and Clark, A.-B.; J. Gen. Physiol., 21, 93 (1937) y 

ted by Chase,!28 who finds a photochemical 

1 extracts to be an acid-base indicator, yellow 

He also states that the photodecompo- 

f summer frogs follows a first-order 

frogs does not unless the extracts 

The kinetics of the regeneration of bleached visual purple 

ently been studied by Hecht, Chase, Schlaer and Haig. 

ature and function of other pigments, 

le and the products of its com- 
a flavin, which 

and also to a blue-sensitive substance, possibly 

after its decomposition, be concerned in the regeneration of 

le pigment from the retina of fresh-water fish, also goes 

involving russet and yellow pigments. 

in the bleaching of visual purple may 

her than a denaturation of the protein 

A. M., J. Gen. Physiol., 19, 577 (1936). See also Lythgoe, R. J., J. Physiol., 89, 331 

4, 331 (1936). See also Hecht, 
aer, S., and Haig, C., Science, 8 



| Chapter 42 

Photosensitized Biological Processes 

The existence of a number of photosensitized reactions (discussed in Chap. 
ter 16) leads to the expectation that similar effects are to be encounte 

of v. Tappeiner in 1899.1. He observed that the dye acridine, 
1:20,000, killed paramecia in six minutes in direct sunlight, in an hour in diffused 
light, and remained without effect for long periods in darkness. 
of widely different classes have similar effects, to which v. Ta 
the term “photodynamic actions.” 

ppeiner 2 applied 

Many recent workers have studied similar lethal effects on bacteria,? 

their toxins.® 

The hemolysis of red cells may be similarly sensitized,7 notably by chlorophyll, 
which is effective even in dilutions of one in thirty million.8 Hematoporphyrin, a 
product of the decomposition of hemoglobin, as well as other porphyrins, exhibits 
such properties in a marked degree.® When it is injected into mice no effects are 
produced until the animals are irradiated by sunlight or a carbon arc. Light 
causes itching, hyperemia of the ears, tail and snout, and, with sufficient doses 
of the sensitizer, the animals may die in light-stroke in a tetanic rigor. Desengj- 
tization occurs in darkness in about two weeks. The subject has been investigated 
to a considerable extent.1° 

1v. Tappeiner, H., Z. Biol., 39, 524 (1900). 

2v. Tappeiner, H., Deut. Arch. klin. Med., 80, 427 (1904). 
8 Brocq-Rousseau, D., Compt. rend. soc. biol., 119, 272 (1935); Chem. Abs., 29, 5474 (1935); Sztits, A., Magyar Orvosi Arch., 33, 267 (1932); Chem. Abs., 27, 323 (1933); Vorster, > a Dental Research, 9, 641 (1929); Chem. Abs., 24, 133 (1930); Philibert, A. and Risler, J., Compt. rend., 183, 1137 (1926); 186, 1152 (1928); Ram, A., Proc. Acad. Sct. United Provinces, Agra, Oudh, ccs 4, 83 (1934); Bovet, D., Helv. Chim. Acta, 17, 1460 (1934); T’ung,, T., and Zia, S. 7am voc. Soc. Expt. Biol. Med., 36, 326 (1937); Beck, L. V., and. Nichols, A. C., J. Cellular Comp. Physiol., 10, 123 (1937); T’ung, T., Proc. Soc. Exptl. Biol. Med., .38, 29 (1938); Chin, T. La Ibid., 38, 697 (1938). 4 
* Gomez-Vega, P., Arch. Dermatol. Syphilol., 32, 49 (1935); Chem. Abs., 30, 572 (1936). 
5 Clifton, C. E., Proc. Soc. Exptl. Biol. Med., 28, 745 (1931); Linden, rie 

. K..-T., Arch. Hyg., 106, 133 (1931): Prescher, W., - Planta (Abt. E., Z. wiss. Biol.), TH 461 (1932); Chem. Abs., 27, 3968 (1933); Perdrau, J. R: . and Todd, C., Proc. Roy. Soc., 112B, 188, 277 (1933); Galloway, T. A., Brit. J. Exp. Path., 15, 97 (1934); Storey, H. H.” Ann. Applied © Biol., 21, 588 (1934); Chem. Abs., 29, 2203 (1935); Sheboldaeva, A. D : : : : : . D., and Shugladze, A. K 
tise Epidemiol. Immunitatsforsch. (U.S.S.R.), 18, 466 (1937); 

6 Lippert, K. M., J. Immunol., 28, 193 (1935); Chem. Abs., 29, 8048 (1935). 
7 Gachs, H., and Sacharoff, G., Miinch. Med. Wochschr., 52, 297 (1905); Saeki, K., Japan. J. Gastroenterol., 4, 153, 166, 231, 244 (1932); Chem. Abs., 27, 1018 (1933); Angelica, V., Boll. soc. tal. biol. sper., 8, 1536 (1933); Chem. Abs., 28, 2767 (1934); Blum, H. F., Pace, N., ‘and Garrett, R. L., J. Cellular Comb. Phystol., 9, 217 (1937). 
8 Hausmann, W., Jahr.. Wiss. Botanik, 46, 599 (1909). 
® Kammerer, H., and Weisbecker, H., Arch. 

BRB. T., Biochem. J., 21, 437 (1927). 
10 Hausmann, W., and Léhner, L., Biochem. Z., 173, 7 (1926); Fabre, R., and Simonnet, H., | J. pharm. chim., 4, 294 (1926); Supniewski, J. V., J. Physiol., 64, 30 (1927); Chem. Abs., 22; 455 (1928); Rock, E. N., and Howell, W. H., Am. J. Physiol., 84, 363 (1928); Smetana, H., J. Exptl Med., 47, 593 (1928); Cuzin, J., Bull. soc. chim. Biol., 12, 1401 (1930); Chem. Abs., 23, 3368 (1931);.Quin, J. I., Rept. Director Vet. Services Onderstepoort, 17, Pt. 2, 645 (1931); Chem. Abs. 27, 5421 (1933); Szorenyi, E. T.,. Biochem. Z., 252, 113 (1932); Boll. soc. ital. biol. sper., 7, 835, 866 | (1932); Robuschi, L., Biochem. terap. sper., 23, 54 (1936); Chem. Abs., 30, 5245 (1936); Hausmann, 
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Exptl. Path. Pharmakol., 111, 263 (1926); Squires, 

red jn - 
biological processes. The first instance was reported by Raab from the laboratory 

in a dilution of 

Many other dyes 

fungit 
and various bacteriophages and viruses,® as well as the destructive effects upon 

and Schwarz, ‘ 

Chem. Abs., 32, 7504 
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Meyer-Betz 11 took 0.2 gram of hematoporphyrin intravenously. nares 

a carbon arc led to the production of a lesion which had some resemblance 

| 4 those of hydroa. The immediate reaction was merely reddening and edema, 
to 

t on the following day the area was infiltrated, reddened and sprmiss and 

a dered almost black by multiple hemorrhages. After a week, there was 

i rficial necrosis, followed by the formation of a thick black scab. The sun 

duced on exposed areas a very severe dermatitis which began immediately . 

after the exposure and progressed for several days. It was marked by extreme 
in, swelling and induration, and was followed by a heavy ‘aurea aera sir 

Bias of chronic porphyrinuria have recently been reported in which t : pretie 

| Bids were highly pigmented, although not hypersensitive to ultraviolet light. 

A disease in which there is marked sensitivity to light is the rare and usually 
| eee 
fatal xeroderma pigmentosum or Kaposi's disease. 

In human pathology, true light urticarias are rare. It ou jer Lae 

that hydroa vacciniforme represents a slight sensitization due to hema amet 

| or other porphyrins produced by solar ultraviolet light from some eeamie ae 

‘was asstmed to be present in the skin. The basis for this theory o i or gt . 

* disease is the frequent association of a porphyrinuria. pear Soe 

noted that porphyrinuria may occur from certain causes without c o 

Brie; 14 | | 1g = 

certain diseases of animals have been attributed to photosensitization. me 

eating buckwheat, and especially the green parts of the pane ner MHA oe 

sheep, on exposure to light, become greatly excited and dance ps bi - uy mag 

of the sensory stimulation of rapidly developing skin lesions. : : is ie pe ee 

to Hertwig as early as 1833, has been studied by Sheard, Caylor a 
| 

. . 
A . ibl , 

~ frauer,15 who suggest that the sensitizer may be phylloporphyrin or possibly 

Me reed St. John’s wort, Hypericum, brings about similar symptoms in 

range animals, and it has been stated that Arabs used to stain ene oe 

with tobacco or henna to protect them from light in nicpies Se ena 

! abounds. lIonnides*® isolated a cael from the plant which p : 

i its constitution is unknown. 

on ee cheep and Angora goats, Geelgikop, eran bedi a 

onset of a swelling of exposed parts of the head and ears,1* is caused by eating 

Tribulus terrestris. 

| ini ital. biol: sper., 6, 401 
; } . Bu» 265, 105...01933).; Guerrini, G., Boll. soc. ita g 

iy po, tee Moe Te ne aay. eda ee iin ae ee es ee bee seoae eee ae 

¢ " i i Pay eg ili : Pea © ._ rend. - , 96, 

ae bes); bacterial Tay py bile, Condorelli, F., Arch. fisiol., 28, (1930); Chem 

Abs., 25, 3711 (1931). ne 
: "Deut. Arch. Klin. Med., 122, 476 (1913). 7 ee 

ad =e agth Klin. Med., 178, 185 (1935). For congenital, porphyrinuria in coy 

Be te Oo trstepoort I. Vet. Sci, Animal Ind. 7, 367 (1936); Nature, 140,105 (1957); 
Boingo S08, (1037); Frohlich, W., Wien. Klin. Wochschr., 51, 79 . Abs., 32. 

ed 9 ’ 
: = : 

Re ction of eid pa to paar ae fro ieee Abs 3h 

8g 2 ee in, Bow h ital. dermatol. “‘sifilog. venereol., 13, 546 (1937); 

Chem ta Z 33 a lize) OE ack, fe tin Wochschr., 17, 304 (1938); Chem. Abs., 32, 

i... Pecan W., and Kuen, F. M., Biochem. terap. sper., 21, 441 (1934); Chem. Abs., 29, 

“8 Bec Caylor, H. P., and Schlotthauer, C. P., J. Expil. Med., 47, fo ee (1931); 

a etaides Z M., Arch. Inst. Pasteur Hellen., 2, 161 ah ee Abs., 285, P 

Compt. rend soc. biol., 105, 349 (1930); Chem. Abs., 25, 1869 ( a aoe 

.. J. L, and Rimington, C., South African, J. Sct., 30, ee ee , ae eet 

mse C984) ef Prarsaee erat oe asi Vegity ites | . oe, J. I, and Roets, 

G C8 eae 2 on animal Ind., 9, 225 (1937); Chem. Abs., 32, 4660 (1938). 
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A wide variety of other physiological and pathological effects due to the action . 

of light and sensitizers has been enumerated by Blum.18 Among others mentj 
are the inhibition of clotting of the blood by fibrinogen in the presence of ligh 
methylene blue, stimulation of nerves, contraction of isolated skeletal muscles bathe 
by the photosensitizer solution, and production of arythmias in the isolated turtle Or 
mammalian heart perfused with photosensitizing solutions and exposed to light 

The hydrolysis of serum albumin may be effected by hematoporphyrin anda 
oxygen in light.19 The porphyrin unites with the protein, becomes excited by the 
absorption of light, combines with oxygen and passes a part of its energy over tg _ 
the protein molecule. 

A number of generalizations have been made by Blum regarding these prog_- 

esses.29 Although most sensitizers are fluorescent, the fluorescent rays they emi, 
are not responsible for the effects produced and there is no quantitative relation 
between the fluorescence of a sensitizer and its biological effectiveness. The syh- 

stances absorb chiefly in the visible range, and only the absorbed energy is effective 
biologically. (The possibility of sensitization to ultraviolet rays cannot he 
excluded.) Most of the effects produced by these substances in light can also he — 
produced by them, although much more slowly, in darkness. The presence of 
oxygen appears to be essential for the processes occurring in light.2! Most effects 
in this category can be inhibited by blood serum and particularly by its albumin, — 
Because of this action, the injection of dyes which hemolyze red blood cells iy 
vitro is not followed by hemolysis in animals subsequently exposed to light, 

Sensitization to various ultraviolet radiations may be effected by certain sub. — 
stances, stich as acridine or trypaflavine, which make the region in the vicinity of — 
3650A active.2? Ethyl chlorophyllide sensitizes especially to 3130 or 3650A, — 
as well as to visible rays. Carotene sensitizes to the range of 2800 to 4350A, — 
but in the shorter ultraviolet or visible rays is less effective than chlorophyll.23 — 

Attempts to utilize photodynamic substances in therapy have not proved encour- 
aging. Kreidl and Nozicka ** suggest that the therapeutic action of light may be | 
promoted by injecting anthracene, anthraquinone or their derivatives. Eosin was 
at one time believed to cause a rapid loosening of necrotic tissues in luetic or — 
tuberculous ulcers on exposure to sunlight. In connection with such attempts, 
it may be noted that urticarial reactions are readily produced. The intradermal 
injection of two drops of a 1:1000 solution of eosin renders the skin so sensitive — 
that a few minutes of exposure to light produces an urticarial wheal. 

An understanding of the mechanism of photosensitized biological processes — 
is of importance because of the light it may cast upon the nature of the function of — 
chlorophyll in the photosynthesis of carbohydrates. Noack 7° early divided photo- — 
sensitizers into two classes: certain heavy metal salts and fluorescent organic dyes. 
Both serve as carriers of oxygen, the former by a change in valence of the metal 

18 Blum, H. F., Physiol. Rev., 12, 23 (1932); Sellards, S. W., J. Med. Research, 38, 293 
(1918); Dognon, A., Compt. rend. soc. biol., 98, 283 (1928). 

19 Boyd, M. J., J. Biol. Chem., 103, 249 (1933). 

20 See also Blum, H. F., Biol. Bull., 59, 81 (1930); Chem. Abs., 26, 4645 (1932). 

21 Blum, H. F., and McBride, G. C., Biol. Bull., 61, 316 (1931); Chem. Abs., 26, 2523 (1932); 
Blum, H. F., J. Cellular Comp. Physiol., 9, 229 (1937); Spealman, C. R., and Blum, H. F., Univ. 
Calif Pub. Physiol., 8, 147 (1937). 

22 Kuen, F. M., and Rosenfeld, P., Biochem. Z., 254, 181. (1932). 

23 Kuen, F. M., and Piuringer, K., Biochem. Z., 286, 196 (1936). 

24 Kreidl, I., and Nozicka, F., Austrian Patent, 142,163, June 25, 1935; Chem Abs., 29, 
6365 (1935). The claims that hematoporphyrin can enable visible light to cure rickets are doubt- 
less in error in_view of the work of Windaus on sensitized reactions of ergosterol. (Chapter 39.) 

. Rezzesi, F. D., Biochem. terap. sper., 24, 274 (1937); Chem. Abs., 32, 650 (1938). Tests by Marique, 
P. [Bull soc. chim. biol., 20, 325 (1938); Chem. Abs., 32, 5039 (1938)] gave negative results. 

25 Noack, K., Z. Botan., 12, 273 (1920); Chem. Abs., 15, 2453 (1921). 

One 

t and § 

PHOTOSENSITIZED BIOLOGICAL PROCESSES 863 

nd the latter by a formation of peroxides. The action of the latter substances 
a 

can be stopped by such reducing agents as sodium sulfite. Gaffron?® found 

i dyes in serums at pH 11.4 
t solutions of hematoporphyrin, chlorophyll or d cia 

Roxb oxygen on exposure to light with the oxidation of the protein to which 

‘the dyes become attached. Carbon dioxide and ammonia are liberated. The 

reater part of the former is ascribed to the action of acids liberated during 

xidation upon the serum. Tyrosine, phenol and uric acid in alkaline solution ee 

Biso be oxidized in this manner by dyes, such as eosin, erythrosin or Rose bengal. 

| Aliphatic substrates are not so oxidized, according to Carter.*" The inate 

duction of an hydroxy or an amino-group renders benzene derivatives susceptible 

to this type of reaction. Side-chains in which the groups si a meee cs 

occur were oxidized, as were ring compounds, such as g-napht ) M aul oF i 

tyrosine, thiophene and purine derivatives. Carter did not Revere Bi hy rage 

eroxide is formed in the process, which was neither accelerated by iron sa 

nor retarded by potassium cyanide.28 Some have found such processes to be 

ereased by cyanide.2® Wohlgemuth and Szorényi believe that true tissue respl- 

ration is lowered from 2 to 18 per cent by visible or ultraviolet light. Sensitizers 

in darkness also reduce it. Illumination of tissue sections in the presence of hemato- » 

porphyrin or Rose bengal increases oxidation and this action is stimulated by 

cyanides. The true respiration, which they regard as distinct from this 

hotodxidation, is believed to be reduced from 17 to 43 per cent. ace 

co decrease the usual stimulating effect of light on anaerobic Rea ae n 

red cells, sensitizers produce methemoglobin especially when illuminated.°° Hema- 

‘toporphyrin increases the absorption of oxygen by red blood oo rece a 

light, but there is no corresponding production ph, Serbo st i cane 

- graphic desensitizers as Pinakryptol green retard this. ou O ii 

peroxides of fluorescent dyes which promote the transportation of oxygen 

analogy with the assumed chlorophyll peroxide of Willstatter were papas ya 

accor ding to Gaffron.22 Acceptor peroxides were, however, produce ee : al 

photooxidation of aliphatic amines in the presence of chlorophyll. ae “ solu ie 

of chlorophyll in amylamine was exposed to light and then placed in a nee Pe 

quantity of peroxidic oxygen was approximately equal to the amount 0 pores f 

oxygen absorbed. This oxygen was quantitatively evolved when a an oi , eat 

as manganese dioxide was added to the darkened solution. The p oer fe 

action depended greatly upon the solvent chosen, increasing ‘more We a hun Ae 

times when acetone or pyridiné replaced water. The absorption O eRESR u 

mately reached two molecules for each molecule of primary or secondary amune. 

Gaffron 3? dissolved ethyl chlorophyllid and allylthiourea in acetone and exposed 

the solution to monochromatic light in the presence of oxygen. ‘The relation 

“between the energy absorbed and the oxygen consumed was in agreement with 

the Einstein law, provided that the concentration of the acceptor was at least 

7510-1 moles per liter, or when the acceptor concentration was over 100 times 

that of the dye. Similar results were reported with hematoporphyrin as the dye. 

26 Gaffron, H., Naturwiss., 13, 859 Cate ieaeat Bg 8G%--457. 161926). 

cc W.. Biochem J., 22, 575 (1928). 
ae Bee age McBride, G. C., Biol. Bull., 61,°316 (1931); Chem. Abs., 26, 2523 

ics G.. and Roche e Silva, M., Compt. rend. soc. biol., 118, 911, 914 (1935); Chem. 

Abs., 29 ad (i935); Wohlgemuth, J., and Szérényi, E., Bictoers a ie ee! ae 

ice sal. bi 1545 (1932); Chem. Abs., 27, 33). 
sad Iso Chocetta, A., Boll. soc. ital. biol. sper., 7, : . 

eee cnvii i. Biochem, Z., 25% 112,.(1932). See also, Smetana, H.,. L7., Biol... Chem, 

124 667, 741, 745, (1938) ] who finds the proteins of blood and the uric acid of urine the accep é 

22 Pa iitou, H., Ber., 60B, 2229 (1927). 

88 Gaffron, H., Ber., 60B, 755 (1927). 
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Blum and Spealman #4 believed the peroxide formed when fluorescent gy.” 
alone are irradiated in aqueous solutions to be hydrogen peroxide formed from 
water and oxygen. They suggest that the bleaching of excited dye molecules ma 

be due to their oxidation by the hydrogen peroxide. : 

There has been much discussion as to whether, in the dye-sensitized oxidations | 

of various substances, it is the oxygen itself or the oxygen acceptor which 

receives the energy of the light-excited dye. Gaffron?° does not believe th. 

former can account for the facts. Even in cases in which it is the sensitize, 
itself which is oxidized, Gaffron believes that there are other molecules of the 

- sensitizer which receive enough energy from the light-excited molecules to convert 

them into a long-lived form capable of being oxidized. Data on the quantyy, 

yields in the oxidation of rubrene were advanced in support of this view, but haye 

recently been the subject of some discussion. (See Chapter 26. ) 

On the other hand, Kautsky and Hirsch,®* in work on the oxidation of isoamylg. 

mine in the presence of chlorophyll, assumed that oxygen was activated by the 

transfer of energy from a metastable intermediary state of the pigment. The 

energy required for the activation of oxygen was calculated to be 37 kcal. 

(7620A). Energy of longer wave-lengths should not be able, therefore, to cause 
the reaction. To test this, Gaffron 3? filtered out practically all light of wave. 

length shorter than 7600A by the use of 6 mm. of B G 3, Schott glass. Bacteria] 

pheophytin was used, since chlorophyll does not absorb in this range; thiosinamine 

was the acceptor. Since photodxidation still occurred, it seems that activation of 

oxygen is not the mechanism, and it must be the acceptor molecules which receive 

the energy of the excited dye. When organic substrates are oxidized in the 

presence of chlorophyll, one molecule of oxygen is used for each quantum of light 

absorbed regardless of the wave-length, except at wave-lengths where the quantum 

is too small and the reaction does not proceed. Further evidence that it is the 

oxygen-acceptor which acquires the energy has been given by Franck and 

Levi.88 They suggest that the chlorophyll on absorption may form hydrogen 

and free radicals instead of forming a metastable excited molecule. These may 

subsequently reunite, with the production of a chemiluminescent glow. In the 
presence of oxygen, the hydrogen is oxidized. The acceptor takes over the energy 

absorbed by the chlorophyll. This offered a possible explanation of the fact that 

the fluorescence, which represents but a small part of the energy, is slightly 

extinguished by oxygen. The problem is still in a somewhat speculative state. 

Because of its relation to other photosensitized processes by which carbon dioxide 

and water are synthesized to carbohydrates in the green plant, the mechanism of 

these reactions is being actively investigated. . 

By continuously irradiating a dilute solution of sodium fluorescein, Menke ® 

made a photofluorescein. It was separated by filtering after precipitation with a 

small amount of hydrochloric acid. After washing with water, the precipitated 

dye was dissolved in alkali and the sodium salt crystallized by careful evaporation. 

This material was then dissolved in Locke’s solution so that each cc. contained a 

mg. of photofluorescein. It then hemolyzed rat blood in darkness to the same extent 

that fluorescein does in light, although . the non-irradiated fluorescein had no 
- apparent action in darkness. Approximately two hours in darkness were required 
for a 1:2000 dilution of the photofluorescein to hemolyze one cc. of 1 per cent 
‘red blood cells. Blum 4° believes that eosin dyes in dilute solutions show hemolysis 
of red blood cells in darkness only in the presence of hydrogen peroxide. 

This résumé is necessarily too brief to give an adequate impression of the 
reat number of investigations in this field which are of importance to the zoologist 

or botanist rather than to the photochemist.*! 
That eosin and hematoporphyrin, when applied to the skin of mice and exposed 
for three months to sunlight, may produce skin tumors, has been noted by 
Biingeler.4?. Certain carcinogenic agents, such as benzopyrene, shale oil and 
coal tar, exhibit a photodynamic action on paramecia.** 

40 Blum, H. F., Cold Spring Harbor Symposia Quant. Biol., 3, 318 (1935). 

st See, for further details: Kosman, A. J., and Lillie, R. S., J. Cellular Comp. Physiol, 6, 505 
(1935) 5 Chem. Abs., 29, 8098 (1935); Hinrichs, M., Biol. Bull., 50, 1 (1926); Guerrini, G. Boll. 

soc. ital. biol. sper., 8, 1357 (1933); Chem. Abs., 28, 1726 (1934); Macht, D. i. Proc. Socs Lxptt: 
Biol. Med., 23, 638, 639 (1926); Sunzeri, G., ‘ 

(1935) 5 Welsh, J. H., Biol. Bull., 66, 346 (1934); Chem. Abs., 28, 346 (1934); Efimoy, A., and 
Efmov, W. W., Biochem Z., 155, 376. (1925); Schanz, F., Ber. botan. Ges., 41, 165 (1923); 
Chem. Abs., 17, 3040 (1923); Blum, H. F., and Scott, K. G., Plant Physiol., 8, 525 (1933); 
Jirovec, O., and Ziegler, Z., Z. ges. Exptl. Med., 90, 651 (1933); Chem, Abs., 29, 4031, (1935); 
Tikes, H., Centr.. Baki. Parasitenk., II, 65, 128 (1925); Chem. Abs., 20, 1423 (1926); Teplov, 

J, and Dobrokhotova, E., Arch. sci. biol. U.S.S.R., 32, 72 (1932); Chem. Abs., 27, 3492 (1933); 
Macht, D. I., and Teagarden, E. J., Jr., J. Pharmacol., 22, 21 (1923); Roskin, G., and Romanova, 

PaK., Z. Immunitits, 72, 445 (1931); Chem. Abs., 26, 2790 (1932); Azzi, A., Arch. Sct. Med., 45 
1912 (1922); Chem: Abs., 17, 3541 (1923); Monasterio, G., Arch. Farmacol. Sper., 51; 111 (1930) 
Chem. Abs., 25, 2486 (1931); Spealman, C. R., and Blum, H. F., J. Cellular Comp. Physiol., 3, 

397 (1933) ; Chem. Abs., 28, 3089 (1934); Hinrichs, M. A., and Kosman, A. J., J. Cellular Comp. 
Physiol., 6, 487 (1935); Lippay, F., Klin. Wochschr., 6, 651 (1927); Chem. Abs., 21, 2706 (1927) ; 
Nitta, B., Folia Pharmacol. Japon., 17, 72 (1928); Chem.. Abs., 32, 3434 (1938); Kosman, A. J., J. 
Cellular Comp. Physiol., 11, 279 (1938); Chem. Abs., 32, 6677 (1938); Zia, S. H., Chow, B. F., and 
Mune, 1., Proc. Soc. Exptl. Biol. Med., 38, 688 (1938). 

42 Biingeler, W., Z. Krebsforsch., 46, 130 (1937); Chem. Abs., 31, 8670 (1937). 
438 Mottram, J. C., and Doniach, I., Nature, 140, 933 (1937); Lancet, I, 1156 (1938). 

’ 
; 

84 Blum, H. F., and Spealman, C. R., J. Phys. Chem., 37, 1123 (1933). 

85 Gaffron, H., Biochem. Z., 264, 251 (1933). | . 

86 Kautsky, H., and Hirsch, A., Ber. 64, 2677 (1931); Kautsky, H., de Bruijn, H., Neuwirth, 

R., and Baumeister, W., Ber., 66, 1598 (1933); Kautsky, H., and Hirsch, A., Biochem. Z., 278, 
374 (1935); Kautsky, H., Hirsch, A., and Flesch, W., Ber., 68, 152 (1935). a 

87 Gaffron, H., Ber., 68B, 1409 (1935); Chem. Abs., 29, 8056 (1935) . 

88 Franck, J., and Levi, H., Naturwiss., 23, 229 (1935). : 

89 Menke, J. F., Biol. Bull., 68, 360 (1935); Chem. Abs., 29, 5871 (1935). 



Chapter 43 

Photosynthesis of Carbohydrates' 

sented by the equation: : 

be supplied as light. This is absorbed by chlorophyll, the green pigment of the 

that the absorption of one quantum per molecule would not provide sufhcient energy 
to supply that needed for the reaction. It is essential, therefore, that at least 
three and more likely four quanta be absorbed for each molecule of carbon dioxide 
assimilated or of oxygen liberated. The nature of the coupled series of reactions 
underlying the photosynthetic process is not as yet understood, although ever- 
increasing attention has been devoted to the problem. | 

The investigations in this field may be divided into those concerned with 
the photochemical mechanism involved, as it might possibly be conceived of as 
occurring in vitro (in the presence of the extracted sensitizing pigment) and into 
those which actually occur in the plant. The latter studies belong in the realm — 
of the plant physiologist and involve many complicated features, such as the 
influences of the stomatal openings within the leaf by which the gases gain — 
entrance and egress, the nature and orientation of the chloroplasts (the histological 
regions within which the chlorophyll occurs), the amounts of energy reflected, 
absorbed and transmitted by the leaf, etc. For a discussion of these factors — 
special works must be consulted? It is possible here to mention merely some 
calculations of the efficiency of the process as it occurs in an acre of corn, which 
have been made by Transeau.4 Assuming a yield of 100 bushels per acre, 10,000 
corn plants on an acre yield'a dry weight of 2160 kg. of corn. The total dry 
weights of the plants at maturity would be about 6000 kg. After deducting 322 kg. — 
of mineral matter there would be a residue of 5678 kg. of organic matter, of — 
which about 2675 kg. is carbon. The glucose equivalent of this is 6678 kg. This — 
is less than the true amount formed, since some would have been consumed in | 

1A recent review is given by W. M. Manning, J. Phys. Chem., 42, 815 (1938). 

2Blum, H. F., Am. Naturalist, 71, 350 (1937). 

8 Stiles, W., “‘Photosynthesis, The Assimilation of Carbon by Green Plants,’ London, Long- 
mans, Green, 1925; Spoehr, H. A., ‘‘Photosynthesis,’ New York, The Chemical Catalog Co., Inc. — 
(Reinhold Publishing Corp.), 1926; Stiles, W., Sct. Progress, 25,.590 (1931); Baly, E. C 
Sci. J. Roy. Cot, Set, 2, 53 (1932). - 

4Transeau, E. N., Ohio J. Sci., 26, 1 (1926). 
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to have required not far from 33 million calories of energy. The total energy 

calories, so that about 1.6 per cent of the light energy might have been used in 

overall efficiency of this light would be raised to about 8 per cent. There are 

With the help of sunlight, the green plant builds up from carbon dioxide 
_ water and salts the sugars and starches which serve as the foodstuffs of may — 
At the same time, oxygen is liberated. The photosynthetic process may be r a | eee ys p y p y repre. | ’ , loss estimated for the period at about 54 per cent. Respiration liberates about a 

The hypothetical formaldehyde is assumed to be subsequently converted into 
sugars and starches. The energy required for this endothermic reaction must — 

leaves, which in some as yet unknown manner acts as a photosensitizer for the 
reaction. The energy required for the synthesis of formaldehyde is at least 134 

kcal., and possibly more.* Since the effective wave-lengths in the visible range 

may be as long as about 7000A, corresponding to only about 40 kcal., it is apparent 

4 absence of light. From a study of the assimilatory quotient CO2/ Oz, Willstatter 

and Stoll® contend that formaldehyde is the only intermediate possible between 

carbon dioxide and the carbohydrates. This quotient under all conditions me 

found experimentally to be one, that indicated by the equation in the first paragraph. 

per sulfate in the presence of sodium citrate or carbonate was claimed by Moore 

7 at its maximum velocity when the concentration of formaldehyde was approximately | 

5 per cent and was aided by a slight alkalinity. Ram and Dhar 10 claim to have 
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ion duri 7 is is esti nt 2045 kg. so that 
‘ration during the life of the plants. This 1s estimated at 204) _ | 

total glucose ‘made by the plants would have been 8732 kg. This is estimated 

of sunlight falling during this period on the acre is estimated as 2043 million 

notosynthesis. If it be assumed that only about 20 per cent of the incident radiant 

energy is in the wave-length regions capable of causing photosynthesis, then the 

several reasons for this low value. There are large reflection bes ete some 

energy is lost by transmission.» During a large part of the grow period, much 

of the energy reaches merely the ground instead of the leaves of the plants, causing 

quarter of the energy absorbed in the photosynthetic process. _Another Oe is i. 

the energy required for transpiration. For every kilogram gained in dry weight, 

about 276 are evaporated during the growing season. qs 

_. Formaldehyde as Intermediate. Von Baeyer © _ seems to have been the | 

frst to suggest the formation of formaldehyde in an initial stage of the Dien 

Sabalichschka * showed that certain plants, when deprived of carbon dioxide | 

supplied with formaldehyde, polymerize the latter to sugars and starch, even in the 

For the formation of glycollic acid, it would be 1133: for forme acid 2.0 and for 

oxalic acid 4.0. That formaldehyde under the influence of ultraviolet light of 

wave-lengths scarcely transmitted by glass acquires the power of reducing cop- 

and Webster.2 This assumed photocondensation of formaldehyde (see Chap- 

ter 22) did not require the presence of an inorganic activator, probably proceeded 

obtained small yields of reducing sugars when aqueous formaldehyde was exposed 

to sunlight in the presence of ferric chloride or kieselguhr. In the mixture of 

sugars (formose) which results from the polymerizing action of certain alkaline 

condensing agents on formaldehyde, Kuster and Schoder 14 have identified soak? 

tose, a ketopentose and sorbose. Ascorbic acid has been said by West and Ney 

to be an active catalyst for the formation of reducing sugars from formaldehyde. 

It is unlikely that a photocondensation ot formaldehyde of the type studied in im 

vitro experiments plays a significant role in the processes by which the plant forms 

sugars and cellulose. 

Klein and Werner 1% claim to have detected the production ot formaldehyde as 

‘an intermediate in assimilation. Other aldehydes have, however, occasionally 

5 Shull, C. A., Science, 67, 107 (1928). 
6 yon Baeyer, A., Ber., 3, 68 (1870). | 

4% Sabalichschka, T., Z. Angew. Chem., 5, 684 (1922); J. Soc. Chem. Ind., 42, 65A (1923). 

8 Willstatter, R., and Stoll, A., Ber., 50, 1777 (1917). 

® Moore, B., and Webster, T. A., Proc. Roy. Soc., 90, 168 (1918); Chem. Abs., 12, 1992 (1918). 

10 Ram, A., and Dhar, N. R., J. Indiaw Chem. Siot.,: 14,151. (1937). Chem. .Abs.,. 31, 7455, (1937). 

11 Kiister, W., and Schoder, F., Z. physiol. Chem., 141, 110 (1924). 

12 West, E. S., and Ney, L. F., Science, 84, 294 (1936). 

18 Klein, G., and Werner, O., Biochem. Z.. 68, 361 (1926). 
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been suggested as intermediary products in natural photosynthesis.14 Acetalde, hyde has been discussed as such by Klein and Pirschle.t45 Some, like Barto 3 
Wright and Pratt1® believe the first sugar formed to be a hexose. a Parkin however, believes that the bulk of the hexose sugars detectable in the | 
as a result of the inversion of sucrose. Bodnar, Réth and Bernauer 18 beliey, 
that, although in the leaves of Lropaeolum majus, formaldehyde giv ; 
sugars, its presence inhibits the condensation of sugars to starch. 

Attempts to Obtain Photosynthesis Without Chlorophyll. 
involved the use of ultraviolet light in the effort to duplicate in vitro some Of the 
processes of photosynthesis. Since these attempts have avoided the use of the 
plant pigments and have employed ultraviolet light of wave-lengths far shorter 
than those available in sunlight, it is evident that the results can tell but little regarding the occurrences which actually take place in the plant under physiologicay 
conditions. If these attempts are viewed in the light o 
to determine the possibility of artificially pr 
rials independently of the plant, they aff 
The energy required to produce the c 
in even the most promising of these ex 
bound in the carbohydrate reaction prod 

ord little hope for a practical outcome. 

periments is far greater than the energy 
ucts. 

Baly and Heilbron” claimed that detectable quantities of formaldehyde result when [| an aqueous solution of carbon dioxide is exposed to ultraviolet rays with agitation. The | agitation was thought to decrease the local formation of hydrogen peroxide which pre- vented the possibility of obtaining a formaldehyde test by oxidizing that material to formic acid. In these early experiments it was believed t 
that wave-lengths less than 2200A might produce one o r two parts of formaldehyde iy 100,000 of carbon dioxide solution in 18 to 72 hours. If wave-lengths of about 2900A — were simultaneously used, it was believed that the fo rmaldehyde was polymerized to reducing sugars. 

Similar claims had been made previously, although in these, other substances had been employed as catalysts. Moore and Webster 2° claimed to have detected formaldehyde when carbon dioxide solutions containing colloidal vhen ‘uranium oxide were exposed to sun-_ light, thus confirming still earlier observations of Bach = 1 and of Usher and Priestley. Baly and coworkers also claimed to have obtained positi 
the use of a number of the catalysts of Moore and others, although they were at one time of the opinion that these may have acted instead ) as internal filters capable of removing those ultraviolet rays which polymerize formal dehyde. Thus this substance 
might be allowed to accumulate in quantities sufficient for detection, Malachite green, methyl orange, as well as colloidal uranium compounds and ferric hydroxide were, however, believed true catalysts. Baly also emphasized the necessity of controlling the hydrogen ion concentration of the irradiated solutions by maintaining an excess of magnesium carbonate. . 

14 Griebel, C., Z. Unters. Nahr. Genussm., 48, 218 (1924), 
1 Klein, G., and Pirschle, K., Biochem. Z., 158, 340 (1926). 
16 Barton-Wright, E. C., and Pratt, M. C., Biochem. J., 24, 1210, 1217 (1930); see also Klason, P., Svensk Kem. Tids., 46, 208 (1934); Chem. Abs., 29, 2576 (1935); Gordon, R. B., Ohio J. Sct., 29, 131 (1929); Chem. Abs., 23, 3951 (1929) ;. Priestley, J. H., New Phytol., 23, 255 (1924); Chem. bs. 19, 329) (1925). 

17 Parkin, J., New Phytol., 24, 57 (1925); Chem. Abs., 20, 3022 (1926). 
18 Bodnar, J., Rdth, L. E., and Bernauer, C., Biochem. Z., 190, 305 (1927); see also Kretovich, V., 

Z. physiol. Chem., 231, 265 (1935). 
19 Baly, E. C. C., and Heilbron, I. M., J. Soc. Chem. Ind., 40, 377 (1921); Baly, E. °C, Ca Heilbron, I. M., and Barker, W. F., J. Chem Soc., 119, 1025 (1921); Nature, 112; 323 (1923); Bale 

E. C. C., Ind. Eng. Chem., 16, 1018 (1924). 
70 Moore, B., and Webster, T. A., Proc. Roy. Soc., B87, 168 (1913); B90, 168 (1918); Chem. Abs., 12; 1992 (1918 

21 Bach, A., Compt. rend., 116, 1145 (1893). 
2 Usher, F. L., and Priestley, J. H., Proc. Roy. Soc., 77B, 369 (1906); 78B, 322 (1906) ;. Ferrous_salts were believed effective by Stoklasa, J., and Zdobnicky, W., Ber., 50, 1777 (191733 Centr. Biochem. Biophys., 18, ov, 
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According to Rajvansi and Dhar,* the most effective catalysts for the of formaldehyde from carbon dioxide solution in sunlight are manganous chl cobalt carbonate, with which a yield of formaldehyde of the order of 0.000 y volume was claimed. When nascent carbon dioxide was prepared from bariy carbonate and hydrogen chloride, formaldehyde was produced by light even jn the absence of a photosensitizer. The temperature coefficient of sugar formation in s ; oe a 3-per cent aqueous sol 
: unlight — on ution of formaldehyde was found to be 1.2 between 30 and 

Gore® finds that mixtures of tartaric acid and various aldehydes or alcohols in aqueous solutions after exposures to sunlight of 84 or 100 hours without photosensitize,. gave positive sugar tests with Benedict’s solution. This did not occur i Gore assumes that light aids th 
to Produce nascent carbon dioxide, which reacts with water to produce formaldehyde whic h polymer. izes with the formation of the sugars. It is assumed that when alcohols are used they are first oxidized to aldehydes by light. 

Notwithstandin 
Roman * patented the production of hexose 

ysts of ferric oxide supporteg 
vity was said to be increased 
the ferric oxide. Bel] * Was 

results in the photosynthesis of formal- Konstantinova-Shlezinger,” and Zscheile ” reported forty futile attempts to repeat the experi i ckel and cobalt 
been a source 

am “ claimed success with the use of nickel car- bonate and colloidal ferric hydroxide in 2 “per cent sodium bicarbonate solutions, notwith- standing Baly’s insistence that the catalyst be free from alkali. MacKinney “ obtained — , slightly alkaline catalysts in sunlight or with — ultraviolet light between 2900 and 3000A 
| 

The acti 

e observations of Baly, 
est results were claimed 

g the most efficient of those recently maintained that it is essential for success that there be a surface 

THE PHYSIOLOGICAL MECHANISM 

Green leaves absorb fr om 50 to 60 per cent of the incident infrared and a approximately 90 per cent of the ultraviolet rays, according to Seybold.45 In the red region, the maximum absorption by leaves occurs at 6700A. That of an acetone extract of chlorophyll occurs at 6500A. There is a second maximum in the blue-violet, and transmission is greatest in the green. In the living leaf 
84 Rajvansi, A. R., and Dhar, N. R., J. Phys. Chem., 36, 567, 575 (1932). 85 Gore, V., J. Phys. Chem., 37, 745 (1933), 
86 Roman, L. H.. German P. 590,236, Jan. 4, 1934; Chem. Abs., 28, 2013 (1934); Carboxyhyd, A.-G. British P.: 374,044 and 458,359, 

: . of Baly,' E. ©. C., Nature, 126, 666 (1930); Trans. Farad | ay Soc., 27, 545 (1931). 38 Bell, J., Trans. Faraday Soc., 27, 771 (1931). 
(1933 on antinova- Shlezinger, M., J. Phys. Chem., U.S.S.R., 2, 780 (1931); 

40 Zscheile, F. P. Jr., J. Am. Chem. Soc., 
a. Dhar, NRL Rao, G. G., and Ram, A., Trans. Faraday Soc., Dias, Nu B., J, Phys. Chem., 35, 1418 C1931). 
42 MacKinney, G., J. Am. Chem. Soc., 54, 1688 (1932). 
48 Yajnik, N. A., and Trehana, F. C., J. chim. bhys., 28, 517 (1931). ~ paly,2. &. C. Nature, 140, 930 (1937). See also 9, No. 3, 95 (1937); Chem. Abs., 32, 6949 (1938). 
45 Seybold, A., Planta (Abt. E, Z. wiss. Biol.), 21, 

Chem. Abs., 27, 5374 

54, 973 (1932). 

27, 554 (1931); Rao, G. G., and 

Ostrikov, M. S., Acta Univ. V oronegiensis, 

251 (1933); Chem. Abs., 28, 3758 (1934). 
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on absorption of a photon a molecule of chloro 
it to combine with a molecule of oxygen, forming a peroxide which then 0 the chlorophyll. Induction and after effects are attributed to the lon 
the intermediate peroxide. With high acceptor concentrations, chloro 
lized by the reaction: AO,+A—>2A0. According to Porret and Rabin the reversible bleaching of chlorophyll is proportional to the square root of 
intensity. It is increased by formic acid and suppressed by ferrous chloride.55 

An ethylchlorophyllide solution can be reversibly oxidized by ferric ch] to a yellow unstable intermediary product from which the green solution be regenerated by reduction with ferrous chloride. The oxidation is ere favored by illumination,54 
Hubert®? notes the possibility of the photodecomposition of chlor during the measurement of its absorption spectrum. Suspensoid particle pared by injecting an acetone solution of chlorophyll i 

charge which becomes positive after 
photooxidation.58 Electrical measurements made wi 
with chlorophyll and illuminated showed in experime 
that the wave-lengths which are effe 
electrons from chlorophyll. 

Kogel © attributes the photosensitivit 
finds pure chlorophyll stron 

phyll is so activated as to e 

g life-periogg 

ophyl] 
S. pre. 

y of chlorophyll to keto-groups. Roffo 61 
gly photoactive, a property not shared by xant hophyll, _ phytosterol, carotene or chlorophyllin. 

7 When a hydrazone of phylloerythrin is ex 
to that of phylloerythrin.62 
of oxygen, forms ethylmethylmaleimide, according to Dezelié.68 

Relation of Chlorophyll to Photosynthesis. 
in the photosynthetic process is based upon the a 
spectrum of chlorophyll and the effective wavy 
the approximate correlation between the photosy 
plants and their chlorophyll content. 
an exact one, so it has been su 
‘Studies at various points in 
and Camp ® revealed that no 

Attempts to reproduce the 
of chlorophyll have not yielded promising results. Osterhout 6 sprinkled a carbon tetrachloride solution of chlorophyll on filter paper in amounts sufficient to give it a deep green color. The treated paper was placed in airtight bell jars with large petri dishes containing 5 cc. of water. Some of the sheets were kept 

5 Porret, D., and Rabinowitsch, E., Nature, 140, 321 (1937). 
56 Rabinowitsch, E., and Weiss, J., Nature, 138, 1098 (1936). 
57 Hubert, B., Proc. Acad. Sci. Amsterdam, 37, 684 (1934); Chem. Abs., 
58 Bakker, H. A., Proc. Acad. Sci. Amsterdam, 37, 688 (1934); Chem. Abs. 
°° Dixon, H. H., and Poole, H. H., Sci. Proc. Roy. Dublin Soc., 

nthetic activity of partly etiolated 

the variegated leaves of Pelargonium by Chapman 
starch is produced in the non-green parts. 

29, 1844 (1935). 

, 29, 1844 (1935). 
16, 63 (1920); J. Chem. Soc., 118, IT, 343 (1920). 

60 Kogel, G., Strahlentherapie, 45, 587 (1932); Chem.. Abs., ai, 2721: -(1933). 
61 Roffo, A. H., Bol. inst. med. exper. cancer Buenos Aires, 8, 68 (1931); Chem. Abs., 26, 5425) €1932>, 

7 3 
toe pia H., Moldenhauer, O., and Sis, O., Annalen, 485, 1 (1931); Chem. Abs., 25, 1835 1931). 

63 Dezelié, M., Bull: soc. chim. roy. Yougoslav, 6, 11 (1935); Chem. Abs., 29, 7998 (1935). % Briggs, G. E., Proc. Roy. Soc., 91B, 249 (1920). 
6 Chapman, A. G., and Camp., W. H., Ohio J. Sci. 
66 Osterhout, W. J. V., Am. J. Botany, 
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nts of Dixon and Poole,59 
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Etioporphyrin, exposed to sunlight in the presence 

The importance of chlorophyl] 
greement between the absorption — 
e-length regions, and also upon — 

The latter agreement is, however, far from — 
ggested that other internal factors may be involved.64 — 

photosynthetic process in vitro by the use of extractgum 
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synthetic processes,” The temperature of the leaf also alters trans the state of the plasm a, alters the ease of penetration of effects. F urthermore, respiration is also occurrin consideration. Dhar ” suggests that an incr tion more than the photosynthetic process. 
sibility of the existence of enzymes, which process." Various methods of killing leaves 
various methods of inactivating enzymes. 
contributes to the production of free oxyg 
It is inactivated by trypsin, but not by 

Piration, and ch 
of the gases and may haye cna 

g and its effects upon the results reqs 
ease in temperature may affect the r dae esp; Another complicating fact Pita. or is the 

Os. 
cerned in tl 

; Ss about as q Inman * believes some light-sensitive substance 
plant cell +; : : . SS 1 Pepsin, erepsin, amylopsin, diastase, urease o papain. The maximum evolution of oxygen is obtained between pH 5 and 6. . critical temperature for its evolution is 55° 

alase is 70°C Wurmser * directed attention to the inf ular reductigg potential upon the process. Rhythms in the production and disappearance of starch during 24-hour periods have been observed by Sta 
: 

1 
: Varia. tions in the products in t ts during the course of a da : 7 

ntercelly] Still another 
To avoid so far as possible these man 

investigations which have proved most significant in the interpretation of the mechanism of the process have been conducted on the algae. Warburg and Negelein 88 made a series of observations of the energy exchange in the stems of Chlorella using light of four spectral regions. In general the reaction yield decreased with decreasing wave-length, but no relation could be discerned between the yield and the absorption coefficients. The yield in the red, a region of high absorption, was greater than that in the green, a region of very weak absorption, but the yield in the latter case was greater than that in the blue, the region of strongest absorption. The decomposition in the ultraviolet and in the region between 7000 and 7800A' could not be accurately determined. There was no utiliza- tion of carbon dioxide under the influence of light in the infrared. In Ulva lactuca, the yield for equal incident intensities was a maximum in the region in which the chlorophyll absorption was least, according to Wurmser.89 
Warburg recognized the need for the absorption of several in order to secure enough energy for 

cated that four quanta of red or yellow 

y complicating factors some of the 

quanta per molecule 
the reaction to proceed. The results indi- 
light or five of blue light were required for 

*8 Chesnokov, V., and Bazuirina, E. N., Compt. rend. acad. sci. U.R. We e Chem. Abs., 25, 313, 2457 (1931). A review in Russi nikov, F. N., Uspekhi Khim., 6, 334 (1937), 
@ Dhar, N. R., J. Indian Chem. Soc., 10, 541 (1933); Chem. Abs., 28, 2293 (1934); Singh, B. N., and Kumar, K., [Proc. Indian Acad. Sci., 1B,.736 (1935); Chem. Abs., 29, 6277 (1935)] consider the effects of temperature on the process in radish leaves. 
is H., cited by Stiles, W., Scientia, 41, 122 (1927); Molisch, H., Z. Botan., 17, 577 

# Iman. ©,. L., Cold Spring Harbor Symposia Quant. Biol., 7627 (1936). 

s , 193 (1930A);_ an is given by Nekrasov, N. I., and Krashen- 

3, 184 (1935); Chem. Abs., 30, 
82 Wurmeser, R., Compt. rend. soc. biol., 95, 1237) (1926), 
88 Stanescu,.P. P.,-Ann. Sci. Unig, Jassy, 14, 383 (1927); Chem. Abs., 22, 2390 (1928). 84 Dastur, R. H., Ann. Botan., 39, 769 (1925). 
85 Wood, J. G., Australian J. Exp. Biol., 6, 127 (1929); Chem. Abs., 86 Skvortzov, S. S., Buil. Applied Bot., 

Chem. Abs., 26, 5605 (1932). 
| 87 Kursanov, A. L., Planta, Abt. E, Z. wiss. Biol., 20, 535 (1933); Chem. Abs., 28, 2750 (1934); Spoehr, H. A., and Long, F. L., Carnegie Inst. Washington, Yearbook, 17, 60 (1918); Lyubimenko, V. N., Rev. Gen. Botan., 40, 415, 486 (1928); Chem. Abs., 23, 412 (1929) . 88 Warburg, O., and Negelein, E., Z. physik. Chem., 106, 191 (1923). ; 89 Wurmser, R., Compt. rend., 177, 644 (1923); J. Phys. Radium, 7, 33 (1926). The work indicated that Einstein’s law did not directly account for the photosynthetic behavior of this sea-weed. 

24, 1882 (1930). 
Gen. Plant Breeding, Leningrad, 25, No. 3, 45 (1931)}4 
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From studies on several higher plants, Briggs 98 conclude the results of Warburg and Negelein, the number production of a molecule of carbon dioxide increases ing wave-length. In the case of spruce, Burn quanta required per molecule of carbon dioxide length regions 7200-6300A, 7200-5600A and 
yields were much smaller than those found b Stauffer, Duggar and Daniels 95 reported that a 
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: the chlorophyll in som 
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ne escence wave-length limits the 
yerogen atom. From the long wave- 
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ess proper are written : 

OH 

Neé=o i hp 2? OH—Chlorophyll + Sc=0 

Hh 

The equations for the assimilation proc 

OH 

OH, 

(2) OH—Chlorophyll + Cost) FLO + hr 77 H—Chlorophyll 

OH 

=“ Sc=0 = HeO2 

H | 

oN 
EN 

(3) H—Chlorophyll + C=O + hi -? OH—Chlorophyll + 

HY 
7 

+ HO + he t1—Chlorophyll + HeOe. 

These equations were held to be energetically possible. In (1) and (3), light 

causes a change in position of an hydroxyl group of the bound carbonic or formic 

acid with a hydrogen atom of chlorophyll. In each case the hydrogen atom is the 

more firmly bound. Le 
, 2 

ibility of reactions (2) and (4) 
As to the possi 

supply enough energy to dissociate water into 

‘t is said that it is necessary to 

H and OH and in addition to 

separate the OH from the chlorophyll residue. The former requires 115 kcal. and 

the latter about 20 kcal., assuming the hydroxyl group to be at most half as 

ogen on chlorophyll. There are available 41 kcal. by 

d the same amount by the binding of a hydrogen atom on 

combination of two hydroxyl 

the Franck formulation is the 

is was believed to ovet- 

e mechanism by 

absorption of a quantum, an 

the chlorophyll residue and finally 52 kcal. from the 

groups to hydrogen peroxide. The new feature in 

production of the more loosely bound OH-chlorophyll; th 

come the energetic difficulties in the previous formulation of th 

d necessary only for the preparatory processes. Tn its absence, 

d to the production of some carbon dioxide and the strongly 

ophyll. This was believed to lose its energy by fluorescence 

held to explain the Kautsky curves in the absence of oxygen 

nce rose rapidly to a maximum after which it remained 

hat his curve of this type was obtained in 

ut not in its absence. When oxygen 

Moreover, Kautsky maintains that his 

t with the work of Warburg on the 

Oxygen is assume 

irradiation would lea 

fuorescent dehydrochlor 

most readily. This was 

in which the fluoresce 

constant. Kautsky,1!° however, states t 

the presence of small amounts of oxygen, b 

was absent, he could observe no fluorescence. 

conception of the processes is in agreemen 

separation of the process into a photochemical one and the Blackman reaction. 

pe The study of fluorescence spectra has been extended to that of pheophorbide-b 

‘by Knorr and Albers,11® who follow its change during irradiation in the presence 

of various gases, oxygen, nitrogen and carbon dioxide. 

Wohl 117 shows that the energy of four quanta of 6800A, light which still gives 

photosynthesis, is smaller than the energy difference between the initial and final 

115 Kautsky, H., Naturwiss., 23, 389 (1935) 3 Kautsky, H., and Flesch, W., Biochem. Z., 284, 

412 (1936); Kautsky, H., and Marx, A., Naturwiss., ZA, GAT (1936) ; Biochem, Z., 290, 248 (1937); 

Kautsky, H., and Hormuth, R., Naturwiss., 24, 650 (1936); Biochem. Z., 291, 285 (1937); Kautsky, 

H., Ibid., 291, 271 (1937). 
V. M., Phys. Rev., 47, 329 (1935); 

116 Knorr, H. V., and Albers, 

Quant. Biol., 3.87, 98 (1935). 

117 Wohl, K., 2. physik. Chem., 31B, see also Gaffron, H., and Wohl, K., 

Naturwiss., 24, 81, 103 (1936). 

Cold Spring Harbor Symposia 

152 *(19S9); 
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products of the overall reaction for the Franck mechanism, 192 kcal. A four quanta give 172 keal. Franck and Herzfeld 1 fluorescent, polyatomic molecule as chlorophyll, whic 

1S suggest that for Suc 
dom, the missing 20 kcal. m 

h has many degrees 
ay be supplied from the thermal energy, Ea ce 

has subsequently altered his suggested mechanism.149 The preparatory reacuil was shown unnecessary by Gaffron.129 The assumption of hydrogen — avoided in Franck’ Xide +, S most recent mechanism. The chlorophyll-carbonic acid a 4 plex is assumed to be attached to an organic molecule ROH. The absorption of quantum is thought to convert this into a peracid. 
: 4 

- HO HO R | Chl ye=0, ROH + hy ——> Chi Dee (1 : HO | HO” ‘oon Ina thermal enzyme reaction, this peracid is converted into an acid with libera. tion of oxygen. 

HO. > SR 
Cht  c% 

HO” ‘oor 
Absorption of another quantum produces formic acid. 

- ' 

ee a i 

+ enzyme —— Chi + C=O + H:O + 1/20, (la) RY ee 

HO, | HO, q Chl C=0 + 0.0 + Ay ——> Chit C=O, ROH (2\i RY a ) This in turn on absorption of a quantum produces a peraldehyde 
HO | ae) R 4 Chl \Nc=o, ROH + hy ——> Chi \c“o—on (3) . 

which may then liberate oxygen in a thermal enzyme process. 
R brome = eu = to Gm aout Oa + Sc“Kou +12, (aj He H~ 4 The aldehyde on absorption of a quantum may then produce formaldehyde. HO. UR H 

Chl \cZ C—OH + hv ——> Chi + Scag + ROH | (4) | HH A | It is not possible in a limited space to discuss the mathematical developments — of these reactions made by Franck, and their application to the rapidly accumulating — body of experimental data. _ Gaffron suggests that a free-moving enzyme of the aj Blackman reaction forms in the dark an inactive dissociable oxygen compound. The complex can be activated by excess light energy when in a reducing location. — He believes this may explain the ob i 
intensive illumination, and the 

Wohl gives reasons for bel 

Franck, 7), 
Wy "S17 (19375, 

n° Franck, J., and Herzfeld, K. F., J. Chem. Ph 120 Gaffron, H., Naturwiss., 23, 528 (1935). 
a+ Catton, : H., Naturwiss., 25, 460 (1937); (1937); Chem. Abs., 32; 3077 (1931). 

and Herzfeld, K. Pood: Phys. Chem., 41, 97 (1937); Franck, J.,-J. Wash. Acaa SChaan 

ysics, 5, 237 (1937). 

Chem. Abs., 31, 8557 (1937); Naturwiss, 25, 715m 
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gested by Baas-Becking and 

) in planes and are 
123 that in the chloroplast the pnegna aecuiiee: " : ees 

; entanon ring of eac ; rogen atoms 
E, aa eer is fixed at this center by the active hydrog ocarbon 

Pi n enzymatic chlorophyll molecu kman reaction as an 2 
Knoll, Matthews and Crist regard the isaac They find it the rate- 

t high light intensities and high 

Tae ions.124 : ‘ rther con- 
3 me eee controversial and speculative nature, is eir must be Because oO ¢ theories of the photosynthetic mechanism | 

i ith varied chlo- 
i i j xperiments on cells wi # 

te Ee motd pee tek for iat ra eee 

we in a single " 

pigeids wens bonus a of the light is absorbed by 
‘ae tion was made that : dioxide. The sugges : ; The mean in contact with carbon ‘ carbon dioxide. It 

ee Fe tencttoaletd unit to reduce ae i died pag (annals soap Ss ( “4 € : oto- 
Bee THOLCUICS lete the cycle of photoch tence of such a P ae t to comp ond. The existence of cently 
time for a uni nm 0.01 and. 0.02 sec - nlant species2* More re ' to be between 0. in work on six plant sp flashes from 
calculated : b ently detected in w f green algae to flasne. : 

7 ) t was subsequently det ion on exposure of gr S hetic unit. ae uring the oxygen production 11 to comprise the photosynthe Kohn ace found only 360 molecules of chlorophy ing that about 500 molecules in only pared t by assuming tha olecule 
a neon tube foun <istence of the unt anta for one molec Weiss See pahese acon and hand on ie apes role in the reduction. the interior o “a also believes ferrous ions at the sut 

also Dellev on the surface. Ke hetic units as unneces- 
b ted that Franck regards the assumption of photosynt 

It may be no 

129 

Photosynthetic Units. 

el 

? f photosynthesis in de on the course 0 aimed ies have recently been ma ‘ on the evolution — eleianie which promise to throw some light atlihebe eeeemieene 
eo purpe cobain Van Niel 12° observed ve poet mad “Prencl! a tic mec 

On the othe —oo f but one quantum. he quantum sas’ tion oO : cently, the q require the sibs is similar to that in green cy. a sane (8500-8900 
aaa round to be much lower, twelve to elg we 2 “ ° 

; é 10 . i. 8 a S000A,) being required 10 teqtee 2a oe mir may act as the sensitizer or cae tein as phycoer hitley and 
j that a chromopro 33 : Moore, W 1tley 

a Spun te been discussed by Wurmser 19% and by ‘in the re 

; 122, 169 (1937). 40, 792 (1937); 122 Wohl, K., Z. gts oa pris E. A., Proc. Acad. Sci. Amsterdam, 
123 Baas-Becking, L : ss 

., 6, 109 (1938). For Chem. Abs., 32, 2178 (1938). F. E., Jr., and Crist, R. H., ee area fronds of Cabomba 124 Knoll, A. F., Man nthesis, especially the meee My 151 (1937). recent kinetic data te Qmith ey Gen. Physiol., 20, 807 191 " (1932). ; eens, sce Et. Aenala W., J. Gert. Physiol., 16, 1934); see also Arnold, W., Ibid., ee Be aL Ee H L., J. Gen. Physiol., 18, 109 ( : 426 Arnold, W., an .onn, ° *9 ‘ 

1933). 

Be con H. 1., Nature, 137, 706 eee (1937) 
28 Weiss J., J. Gen. Physiol., 20, 59 we 

105, 186, 209 (1937). 38). : 1935); Chem. Abs. 129 Weiss, J., Nature, 141, 248 (19 ae Symposia Quant. eon 5 1. fe rem et ae 180 Van Niel, C.. B., Cold sp igihdee Z., 206,301 1981) ae Nese 1. Beobhimiva, (2, 18t (1987); 30, 6782 (1936); Siege os mee fs 13, 3 (1936); Sapozhnikov, D. +., sles berobs 1, faculte pharm. a : 7). See also Nakamura, Chom tbs 31, 7823 Cel Eee 575 (1936); J, Gen. Physiol, BT oe) Be Ane Pagan 
181 French, ea Ses Scvence, ) 139 231 (1937) ; em. *y ’ Japan), 9, , 38). 

8). ee iT edt); Chem. Abs., 32, 210 C9 F138} GNSS) Chom AbH, 3, 5436" A948) 
aa G.. and Wassink, E. C., Enzymologia, 4, 182hymers, J. G., an . 

See also Wohl, K., Z. physik. Chem., B37, 
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134 | q 
oe Sia finds fucoxanthin in brown algae to have 
Thakesd Si dallge it Bs bephitnia, Weer photosynthetic efficiency in bie lighs : : e red to the blue, it incr ight 
three times as high ir iehicaiarieaipibs debe. 3 high as required by the quantum th © & Value aficléncy in ced liptit. Catote eory and to more than twice, © 

| ; tene and xanthophyll in plants in whi WICE the ae ich t e 
ae not to have a part in increasing the efficiency.86 In C pone ey Present 
ict ie cas retarded by 88 per cent heavy water.137 Pr > TESPiration| 

ound that although 99.9 per cent h ; 
t ; i eavy water depressed 

a a low tan ae ee eect bright light, it showed “little differ 
ntensities. e lower rat “O° 

for hydrogen at a critic int i Simla trae uae al point in some molecule i 
reactions. The respiration is less r Seepage oe : retarded by heavy 
Cc Ae y water. Th ; 7 
see cas of photosynthesis in H,0 and D.O were the same in Gl a 

» but higher for D2O than water between 30 and 46 °C me 73a ' f 

by i tre wrk light formed no different amount of starch from that pr 

ater ed ae A ane cies of Allium cepa or Helianthus annuus.139 ir 
, elliptically polarized light retarded the formati ae. 

leaves.140 Leaves were also said to absorb a apap peo 9h ek Deki 
ized than from ordinary light. 

iG 
Hee afin Superad aie ester formation in-plants is due to the ultraviole 
an nee ; al 1*2 finds light necessary for not only the conju a 4 

py ns li at a or the conversion of carbohydrates to fats or nite a a , ; 

: a conversion of fats to carbohydr ic ark. 
h . é ; carbohydrates. Our kn =< 

p Ad ae of volatile oils and allied principles is still shecititve lege of the 

oto = : | 
she rane sa vi Proteins. Baly, Heilbron and Hudson 144 reported Hi 

Ca aldehyde, produced photochemically according to the disputed that 

Aen shia rapidly with nitrites with the formation of hydroxamic a cg 

tiki rita ee over the polymerization of the formaldehyde ‘oil a 

ous ways with ormbydroxamic acid is assumed by Baly to react further j val 
tan a is eee ee to give rise to g-amino acids and nitrogall 

: ven alkaloids. Baly and co-worker en 

two i ; a bee i tkers believed they had 7 
alkaloids and an amino-acid like histidine formed in this aes : in 10 

; ence from 
1um exchan 

ne of the dark 

é 

rates jn 

\ 

a. 

133 Wurmser, R., Trav. Inst. Physiol. Gen. Strassbourg 

: ore, B., W y, E., and Web 
1922 3 Chem, Abs., 19, 3289 (1925). pia 

185 Montfort, C., Jahrb. wiss 1 a Oe ; . Botan., 83, 725 : Jahrb. wiss. Botan., 85, 554 (1937); Chem. ea tgse” hy 4693 (1987); Scaa 186 See, however, Sa ; ‘ pozhnikov, D. I., Biokhimi 2 Wt Shibata, ie , miya, 2, 730 (1937); Chem. Abs. rat a » and Watanabe, A., Acta Phytochim., 9, 107 — (1936) aS a 8272 ) . *) 9 iY 

arid hy 1919-20; Chem. Abs., 19, 3289 (1925). 
iV, th Ann. Report. Oceanography, (Liverpool) i 

(193 
Pratt R.., A; i 

7 7 4 5 . . "9 De 232 (1937); Curry, J., and Trel Aa. Eo Bates, 3 Ub toga ease, S. F., Science, 82, 18 (1935); Pratt, R., and Trelease, & F 
139 Dastur, R. H., and Asana. R ’ ° $95) ; ’ ° D., Ann, B t ; Johnston, E. S., Smithsonian Inst. Pub. Misc. Collntions 06, No. 3 ios “0s 2h 2 an 40 Dastur, R. H., and Gunji 3 . *9 jikar, i ee be e : ' Abs, 29, 1436, 5877 (1935). See, however, Semmens, E’, Nou oyd, 945273, 961995) Chaim ieee. Bot. Gaz., 9, 412 (1930); ‘Chem. Abs., 28, 983 (1931). 7 NH 813 (1934);" 130, 248 

toermer, R., and Ladewig, H., Ber., 47, 1804 (1914) ; 

12 Pal, N. L., New Ph 
aM ? ytol., 33, 242 (1934); 

iy Sigeleton, F., Chem. & Ind., 50 ae a an RAR wearnge VES 
aly * B.C. Oxy Belitivon, LM ; 

Soc. Chem. I . on, I. M., and Hudson, D. P. 

Sa Sete dad MY Sak Be) hg ane eek ib Hee NG HC Se a 
; ’ d *9 . . oy 9 23) 3 Ch Ab 2 9 te . *5 el bron, s a 

145 Bither j : ’ em. &, 47; 142] Piet a 3 ' sere apiight or ultraviolet, according to Baudisch O yas ! 

potassium salt is : (1918) ] causes methanol to react ah » er., 44, 1009 (1911)5 

alt of formhydroxamic acid, CHOH=NOK. with potassium nitrite, yielding =aa™ 

a 

i 

experiments. out 

these alkaloids had been insufficient, and that certain simpler 

catalysts upon ammonia and such carbon comp 

acid, formaldehyde or dextrose. 

tyP , a ; 
the presence of ferric chloride, or to nitrites and nl 

or mercuric oxide. 

compounds were never produced. 

att, Craig ange 

Photosynthesis 

ges 

Oduceq | 

| erjee 14 also claimed that a similar exposur 

amount of energy from Polayuaa 

| more rapidly in light. Loose and Pe 
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e identification of 
Snow and Stone,!46 however, pointed out that th 

compounds would 

‘eld the tests which had been described. 

Burk 147 made over five hundred experiments to detect the formation of com- 

Jex nitrogen compounds by the action of intense sunlight and colored inorganic 

ounds as carbon dioxide, formic 

The results were in general negative. The only 

e of reaction observed was the oxidation of ammonia to nitrate which occurred in 

trates in the presence of zinc 

Hydroxylamine and hydrogen peroxide, or complex nitrate 

148 claimed success in the production . 
Recently, however, Bhargava and Dhar, 

| 

ntity of ammonia and a 2 
of nicotine and methylamine by exposing a small qua 

per cent solution of formaldehyde to a mercury-vapor lamp or to sunlight in the 

presence of zinc oxide, titanium dioxide or copper carbonate. Dhar and Muk- 

e of 0.5N solutions of ammonium, 

potassium or sodium nitrate, containing glucose, tartaric acid, glycerol, arabinose, 

fructose, mannose or galactose, gave positive colorimetric tests for amino-acids. 

The yields were best with ammonium nitrate and none were formed in darkness 

or when ammonium hydroxide was used as the nitrogen source. The amounts 

of amino-acids reached a maximum in four to six hours, after which they were 

removed by oxidation. 

Urban 15° finds that ammonia nitrogen is taken up by Chlorella and other forms 

arsall 151 find that in this organism the velocity 

of protein synthesis is five times as great in light as in darkness. If sufficient 

‘carbohydrate is available, the final equilibrium is similar 15? | 

According to Tottingham and Louwsma,153 a 50 to 400 per cent increase in the 

blue, violet and long ultraviolet rays increases the absorption of nitrates and to 

a smaller extent the synthesis of proteins by wheat. When the short wave-length 

limit is extended from 4000 to 3700A, there is no change. When it is extended 

to 3000A there is an increase in the absorption but not in the assimilation of 

nitrates. The admission of rays as short as 2800A' decreases the formation of 

tissue and proteins. Although increasing the proportion of blue to violet light by 

supplementing Mazda lamps by carbon arcs increases the percentage of protein in 

young wheat plants, it decreases the pentosans and crude fiber.154 

violet catises more marked changes and increases the percentage of lipids and of 

uronic acid. 

In tobacco stalks and leaves, light probably leads to a synt 

and Stone, J. F. S., J. Chem. Soc., 123, 1509 (1923); Chem. Abs., 17, 2865 

22, 92 CL987)% 

hesis of glutamine. 

146 Snow, O. W., 
(1923). 

J. Phys. Chem., 31, 1338 (1927). See also Calcagni, G., Rev. bdiol., 
447 Burk, D., J. 
Chem. Abs., 32, 4625 (1938). | 

10, 453 (1933); Chem. Abs., 28, 
“48 Bhargava, L. N., and Dhar, N. R., J. Indian Chem. Soc., 

413 (1934). 

N. R., and Mukherjee, 'S. K., Nature, 134, 499 (1934); J. Indian Chem. Soc:, 11, 
49 Dhar, N. 

727 (1934): Chem. Abs., 29, 2450 (1935). 

150 Urban, O., Jahrbuch Wiss. Botan., 75, 1 (1932); Chem. Abs., 26, 4629 (1932). 

151 Loose, L., and Pearsall, W. H., Nature, 171, 362 (1933). 

152 For the blue-green alga, Nostoc, see Allison, F. E., and Hoover, S. R., Trans. 3rd Intern. 

Congress Soil Sci. Oxford, 1, 145 (1935); Chem. Abs., 29, 8203 (1935). | | 

153 Tottingham, W. E., and Louwsma, H. W., J. Am. Chem. Soc., 50, 2436 (1928); Tottingham, 

W. E., Stephens, H. L., and Lease, E. J., Plant Physiol., 9, 127 (1934); Chem. Abs., 28, 3444 (1934). 

154 Tottingham, W. E., and Lease, E. J., Science, 80, 615 (1934); J. Am. Chem, Soc., oy, 

2613 (1935). 

Solar ‘ultra- . 
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Malic acid di °  e, . ° iminishes and citric acid i 7 
wa acid increa : ; 4 

acid is unchanged,155 ses in cultures in darkness. Oxali 
Ic 

Small amounts of ultraviolet light cause an incr Sinapis alba,156 ease in the nitrogen content 
OT 

155 Vick ; ery, H. .B., Pucher, G.. W. Wakeman, A. J., and Leavenworth, C | Expt. Sta., Bull. 40% . et Jes 
(1937): wll, 407, 111 (1938); Chem. Abs., 32, 5441 (1938 

> - a J ? 38) . 

. as 4 

); J. Biol. Chem., 119, Aor, 
’ 23 

- 
' 

{ ! 
yt 

a a ” I is en —: 

eae 
7 germination. 

action of ultraviolet rays from a mercury-vapor lamp or other source, with or 

without previous trea 

- Pleinisc 
_ymproved by ultraviolet irradiation. If, however, the same barley had been allowed 

to 

=D, 
ra 

Hn .the book edited by Duggar, B. M., “Biological Effects of Radiation,” New York, McGraw-Hill 

Book Company, Inc., 1936. 
; 

(1925) cited by Popp, H. W., and Brown, F., in Duggar, 

reviews work su 
& affects adult plants adversely. The range 

Opp, EL, :W., 

2709 (1933); “Biological Effects of Radiation,’ edited by Duggar, B.. M. 

Chapter 44 

Effects of Ultraviolet Radiations on Plants. 

Although de Lima ? found that ultraviolet light has no effect on germinating 

e, others have claimed that, at least in certain wave-length regions, it stimulates 

DeWolf and Fry? proposed to subject seeds before sowing to the 

tment in water or a solution of sodium nitrate or manure. 

h4 believed the germinating power of unripe barley to be considerably 

ripen before harvesting, the effect of irradiation was less striking. 

Many workers have, however, shown that in general unfiltered mercury arc 

irradiations are harmful to germinating plants. In the case of dry seeds, lack of 

enetration of the coats may prevent these effects from becoming readily apparent. 

There is general agreement that if radiations of wave-length shorter than 2900A 

are applied, lethal action will result, as discussed in Chapter 33 in the case of 

Bpbacteria and other organisms.°® 

Some authors have recently claimed that there is a stimulating action of ultra- 

violet rays longer than the lethal limit. Higgins and Sheard® found wave- 

~ Jengths between 3200 and 3000A transmitted by a Corning ultraglass filter 586 AW, 

~ particular! 
_ Rays between 2700 and 3200A delayed the time of germination and reduced the rate 

7 of growth. 

y effective in producing germination and growth of cucumber seeds. 

Gilles @ believed the germination of lentil and turnip seeds accelerated but 

their growth somewhat diminished by mercury-arc irradiation. A few other 

workers claimed to have obtained a stimulating action by filtered ultraviolet, applying 

-wave-lengths in the region of 3650A or those of daylight.® 

These reports have been criticized by Popp and Brown,? largely because the 

1The interested reader may find summaries of the extensive work on the effects of visible light 

2de Lima, P., Compt. rend., 105, 493 (1930). 

8 De Wolf, C. E., and Fry, H. E., British P. 23,339, Oct. 15, 1913; Chem. Abs., 9, 950 (1915). 

4Heinisch, O., Wochschr. Brau., 49, 348 (1932); Chem. Abs., 27, 3028 (1933); de Fazi, R., 

| ” Acad. Lincei, 11, 1022 (1930); Chem. Abs., 25, 3121 (1931); Kamenskii, K. V., and Orekhova, 

A., Bull. Applied Botany, Genetics Plant Breeding (U.S.S.R.), Ser (EV; No. 2, -67 (C1937); 

WGhem. Abs., 31, 5843 (1937). 
5Carl, Beitr. Biol. Pflanz. (Cohn’s), 12, 435 (1914); Sibilia, C., Bull. soc Bot. Ital., 160 

_M. “Biological Effects of Radiation,” | 

New York, McGraw-Hill Book Co., Inc., 1936, II, Chapter 26. Dane, H. R., Science, 66, 80 (1927); 

Delf, E. M., Ritson, K., and Westbrook, A., Brit. J. Exptl. Biol., 5, 138 (1927); Cluzet, J., and 

Kofman, T., Compt. rend. soc. biol., 101,. 820 (1929): 

6 Higgins, G. M., and Sheard, C., Plant Physiol., 2, 325 (1927); Chem. Abs., 22, 3685 (1928). 

TGilles, E., Compt. rend. soc. biol., 109, 739 (1932); Chem. Abs., 27, 3969 (1933). Gilles 

bsequent to 1881 and concludes light less than 2900A favors germination, but 

2900 to 3100A favors plant development. Ann. wmv. 

Lyon, Ser, 3, 1C, 38 (1936); Chem. Abs., 32, 7965 (1938). 

8 Valentin, H., Pharm. Zig., 75, 982, 995, 1005 (1930); Chem. Abs., 25, 120 (1931); Jacobi, 

Beitr. Biol. Pflang. (Cohn’s), 16, 405 (1928); Masure, M. P., Botan. Gaz., 93,.21 (1928); Chem. 

Abs., 26, 2487 (1932). 
9 Po and Brown, F., Bull. Torrey Botan. Club, 60, 161 (1933); Chem. Abs., 2h, 

II, 851, New York, 

McGraw-Hill Book Company, Inc., 1936. 
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possible effects of infrared Tays upon the irradiated plants were not eliminated. Very extensive studies by Popp led to the following gener 
1. Exposure of dry seeds to the ful] ultraviolet of a quartz mercury-vapor are hay little or no effect on later germination and growth, even after 188 hours’ exposure. The may be due to inability of the short rays to penetrate the dry seed coat. ¥ 2. Exposures of less than two hours’ duration on soaked seeds that have not ve begun to sprout did not have a marked effect on germination, Probably here too thea is not enough penetration of the short rays in so short a time to cause any Permaneny injury. 
3. Longer exposures to the open arc decrease the tion, inhibit growth and development and finally cause lengths below 3000A are more effective in this respect t 
4. In general, cotyledons of seeds exposed to ultr emerging from the seed coat, but if they do get throug the short rays until after long exposures, 120 hours. 
5. Chlorophyll appears in the cotyledons of seedlin _ as rapidly as it does in ordinary light, but never 
6. Ultraviolet light does not seem to be nec 

purple pigment on the under side of the cotyledon screens off all ultraviolet and in the dark, this 
deepest intensity uniformly in the greenhouse 
violet was present. 

__ 7. Geranium plants exposed to the o 
24 hours showed no difference in appearance at the end of the 6 hours, but tests of the leaves for starch at this time were entirely negative. But in ordinary light, starch can be located in these leaves after an hour or less. 

8. In no case were new leaves formed in mustard leaves were formed in sunflower, Canada field peas, oats and all killed in a day or two after they were formed. 
9. A few plants were able to grow under the o no case was there any further development than wo the seeds. 
10. Seedlings that do not survive will live longer under its r 

rate and the amcunt 
death of the plant. 
han are those above. 
aviolet seems to have difficulty ; 

of germina. 

gs raised under the open arc aboy reaches the intensity it does in daylight, 
essary for a development of the reddish. 

pigment always appears. It reached its 

corn, but these leaves were 

pen arc in all of the series but in uld result from the food stored in 

leaves and next the stems are most susceptible to injury. A the arc from the start are able to adapt themselves to it to course, they too are killed. ? 
12. When all ultraviolet was screened off 

high a rate and amount of germination as they 
was produced, however, when the seeds were ex 3000A. If the ultraviolet between 3000 and 4000A seeds, a somewhat lower rate and amount of germin inimical effects of the regions between 4000 and 30 is falling on the plants at the same time. 

13. No striking differences in growth and development of seedlings of mustard were observed when all ultraviolet was screened off, as compared with seedlings grown under the rays from 6000 to 3000A. If, however, the region between 4000 and 3000A was the only one to which the seedlings were exposed, a distinct retarding of growth and develop- ment occurred. 
14. Bacteria and general damping-off fungi do not develo p in the rays of the open arc but will if the region below 3000A is screened off. 

10 Private communication from Prof..H. W. Popp. 
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Subsequently, Popp and bike 
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sible to find ght to find that the use of ultraviolet-transmitting 
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! K Choudhr1 ; detrimental 
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to growth. Sha aetna ere 

a... Chala to Kresling and Shtern.™ ; 4 llow under ultraviolet eillus, according bstance, 3-indolepropionic acid, turns ye lite Ruin redeenee 
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eral hours of a ae ’s solution.19 Similarly, the growth su 42 inca 
corn and bean roots ‘abit when intensely irradiated with a es high 

Seas -oy it. Relatively few o Lehane intensities of light tend to destr en rmation. According to Totting ham, 

im Pa Gea de ee aaah Vitaglass showed RCE tomato lear tls 

h inhibition and morphological changes in Asper- 

d., 149, 756 (1909). 13 H Maquenne, L., and Demoussy, E., Compt. 7m 43, 133 (1931); Chem. Abs., 25, 59 
O ing am, * ray an oore, . ae. . 91 ~2 eseai c b, 

3 ; Botan. Gaz., 82, : Abs., 22, 3191 (1928) ; a Bowes 
706 (1926); Chem. , ill, E. K., Contrib. 14 Popp, H. W., Am. J. weer et See also Arthur, J. M., and Harv =. ve! 285 (1937). q M.. II pec 1926); Chem. Ads., <> . Abs., 31, 62 phe fae Duggar, B. M., H, icon Inst., 8, a Mente Fe, "Biological Effects, of ot iie edited. by 

5 Popp, H. Ws 2Gcaw Hill Book Company, Inc., 1936. il, J. M., Am. J. Botan., 
a aan a es 31, 343 (1930); Arthur, J. M., and Newell, J 

16 Arthur, J. M., oct. 4 
16, 338 (1929). 

17 Singh, B. N., Kapoor, Crile aa 

30, 4197 (1936). 

18 Kresling, E. K., and Shtern, 

Abs., 30, 5256 (1936). t Physiol., 12, 509 (1937). 1937). 19 Hare; D., and peal pee E. S., Smithsoman Misc. felis Meee 20 ¢ 

at _ Seance = - ee 75, 223 (1932); Chem. Abs., 26, 2 : 21 'Tottingham, W. ©, , 
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chlorophyll 1.76 and 1.50 per cent, carotene, 0.007 
xanthophyll 0.053 and 0.368 per cent. From the lipid fr 
sterols to the extent of 0.81 and 0.87 per cent. 
formation of carotenoids and sterols is favored b 

5 itamin which 
determine whether sterols in the plant could be converted into a oe a. 

oe -ption of calcium by the plant as in the case of vitamin ers 
aids the arc rt and Arthur,34 tomato, tobacco, datura, lettuce, anc sa rea 

Bees weriods of low light intensity and then irradiated by a quartz mercury 
n in 

and 0.017 per cent, and 
action, there were Obtained 

The conclusion was that itl 
an cevice 

. - E both. bh 
y irradiation under Vitag] grow tr d in calcium or phosphorus 01 ax but the chlorophyll declines. The ratio of chlorophyll-a to chlorophyll-b is loll arc, showed an Sure ee Ss See of high intensity, they failed to sary sae by irradiating leaves with monochromatic light largely absorbed by chloral however, the plants were gro eae teee did not show these changes. It responded phyll-a. 

7 | 7 
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chai oe 

ee by an increase in ash in the leaves and a decrease 1n the sten peat 
a ,; : stem and leaves and an increase 1n 
a Pee eR ey re Morne Le eet ws ie 
calcium ; St Similar ash chang d by ultraviolet irradiation. 
plants dees ana ce site with irradiated ergosterol. . ae 

BP romate lants previously grown on solutions lacking calcium site ae 
Tomato plan =e ‘n ash, calcium or phosphorus on irradiation wit : pen 

showed no gers oe, a the supply of these elements and not their ie we 

ied ie ! to irradiation. In solutions low in phosphorus a Tei < and 
Sen. 2 Fidilon fatness the ash and calcium. In solutions low in calcium 

Be, in oh horus, the ash and phosphorus increased." roy from a 3000- 
ee in Poo “h ‘of Mitchell,3 equal amounts of radiant energy Iron for two | “ Py. nd 3. 2000-watt Mazda incandescent lamp were supplied een 

a Nee an Those under the arc grew less in height and synthe ni weeks to tomato ca much solid matter and approximately four times ae . ie 
more ae ae materials and sugars as did those under the nee one 
acid-hydro yzal ce t energy, the arc was 53 per cent more efficient e s ii 

ee cam x n in producing dry matter. But when the light from the . 

— eee by a photronic cell, there was a more equal ae am pls 

_ es “boh drates under both sources. Those plants under ; . man debs 

Revived fee toatt matter per unit of time than did those under the inca 
syn : : 

Colla 23 ascribes the formation of chloro 
the action of radiations in the range 3300 
rays. 

phyll in wheat, beans and lent ils to 
to 3900A, without the aid of Visible 

Stoklasa *4 early observed that after irradiation by wave-lengths 3000 to 50 (mercury arc), the young leaves of the etiolated seedlings of Pisum, Zea 
Avena and Hordeum showed a dark green coloration in two hours. 
irradiation a similar color was formed only after six hours of exposure. He also 
believed that chlorophyll exerts a protective action against ultraviolet rays of day. light. The cells of flowers as well as those of plants grown under glass were 
more sensitive toward ultraviolet rays than the cells of green leaves. Jirovec 25° finds the chlorophyll-free stems of Euglena gracilis considerably more sensitive to ultraviolet rays than are green stems of the same species. Dangeard 26 found 
the energy of wave-lengths shorter than 4900A from a Nernst lamp incapable of aiding the formation of chorophyll, but Sayre?’ has found that if the intensity is high enough chlorophyll may be developed by the wave-length region 3000 tg 
4000A. The function of the ultraviolet is still, however, uncertain.28 

A colorless protochlorophyll may be present in sunflower seedlings grown 
in the dark, but etiolated plants must be irradiated before chlorophyll can form in them.29 Beck finds that xanthophyll and carotene are formed in the dark. How-— 
ever, light may stimulate the production of these pigments.?° 

Certain acid-fast bacteria produce pigment in darkness only after brief pre- ceding exposures to ultraviolet 1i ght or longer exposures to incandescent lamp 
light.31 

. 

OOA F 

. 5 Mais, 

With Solar 

- tained by the use of | 7 the region near 3650A, ob €¢ Wave-lengths in the region 2900 to 3100A were believed by Benedict 32 to 99) plants. Masure ® ri eaanae sane accelerates the respiration of pea oes 
increase the dry weights of a number of plants, but not of corn. They also cause a Corning G586A W "heen criticized by Popp and Brown ®* on the ee 
an increase in the calcium content, but the results with phospho His work has, however, be d also infrared radiations and that these, rather 
clusive. Wynd and Fuller 23 observed that when tomat that the filter ee ee jae ihc comme ofethbneteetst obseived. “Wyn d, 

of ove uate pi plea SN ig or cepa pK are, after a eet Ren id 50 believe that injurious raying of tomato plants stimulates 
weeks there was an increase in the calcium content as compared with that in con- Fuller and ee edase and, ingenerab, catalasey butcinhibits oxygenase. Noe, 
trols. The phosphorus content decreased. Experiments of this type were conducted | Bisous caving events catalase. Comparatively weak irradiation o 

in 
ted peroxidase. ; ers auses 

eae ands that exposure to light coming through window papi 

DP ckening of the mycelium of the fungus, Fg Pe ae arth darkening 
4 : of sunlight n addition to the visible spectrum catised a 
me lays > 

rus were incon-— 
o and cucumber plants 

2 Tottingham, W. E., and Dutton, H. J., Science, 87, 214 (1938). 
8 Colla, S., Boll. soc. ital. biol. sper., 4, 298 (1929); Chem. Abs., 23, 4496 (1929). 
*4 Stoklasa, J., Strahlentherapie, 6, 119 (1915); Zentr. Biochem. Biophys., 18, 370 (1915). 25 Jirovec, O., Protoplasma, 21, 577 (1934); Chem. Abs., 28, 6765 (1934). 
*6/Dangeard, P. A., Botaniste, 12, xxii (1912). Cited in Duggar, B. M., ‘Biological Effects of — Radiation,” New York, McGraw-Hill Book Co.3>Ine.1936:; f 
27 Sayre, J. D., Plant Physiol., 3, 71 (1928). 
28 See also Shirley, H. L., Am. J. Botany, 16, 354 (1929). 

_ 9 Beck, W. A., Studies Inst. Divi Thomae, 1, 109 (1937); Protoplasma, 28, 273 (1937); Plant Physiol., 12, 885 (1937); Vogele, A. C., Lotd.7 12, 929 (1937), 
80 Beck, W. A., Studies Inst. Divi Thomae, 1, 217 (1937)3 Beck, W: A;; Redman, R., and Schroeter, M. P.; bid; 13°245 €1937). See’ also Seybold, A., and Egle, K., Planta, 28, 87 (1938); Chem. Abs., | 32, 5443 (1938); Strain, H. H., Plant Physiol., 13, 413 (1938); Chem. Abs., 32, 8476: (1938); Strom A., Jahrb. wiss. Botan., 86, 1 (1938); Chem. Abs., 32, 8482 (1938). 
* Baker, J. A., Je Bact., 35, 625 (1938). 

82 Benedict, H. M., Botan. Gaz., 96, 330 (1934); Chem. Abs., 29,°1131 °€1935). 
33 Wynd, F. L., and Fuller, H. J., Ann. Mo. Botan. Gardens, 18, 565 (1931); Chem. Abs., 26, 4 24215 (1932), 

Stewart VV. . 5 Ne ry 
p 

; . Abs. 

: , ADS, 
“Tlehde ee D.. and Arthur, J. M., Contrib. Boyce Thompson Inst., 9, 105 (1937); Chem 

35 Stewart, W. V., sat a 
B2y1756 (1938). 45). Chowic-AbS, 323.1759 (1938). 

i _ W., Botan. Gaz., 99, 412 (1937); : ; 2). 
. ea P., Botan. Gaz., 93, 21 (1932); Chem. Abs., 26, 2487 es Chem. Abs., 21, 2709 
as Ww : d Brown, F., Bull. Torrey Botan. Club, 60, 161 (1933); ‘ : 

38 Popp, . +» antl 2 4 , 

(1933). L.. Fuller, H. J., and Reynolds, E. S., Ann. Missouri Botan. Gardens, 22, 837 (1935); 
89 Wynd, F. L., fuller, Cr Ee) Z 

ig Abs. ee Pe VY. State Coll. Forestry, 6, IB, 72 pp. (1933); Chem. Abs., 29, 2573 
40 ‘Percival, W. C.. Bull. . . ave # 2 \ 

30). (1935) 
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of the mycelium and a suppression of aerial hyphae. Stephens 41 finds ultra. violet irradiation of certain strains of the fungus Glomerella greatly stimulate 
r 

conidial production. Certain strains which had never been known to Produce perichecia did so after irradiation if either pepsin, raffinose or magnesium Sulfate was added to the nutrient medium,42 
Some applications of ultraviolet light in the treatment of plant diseases have been noted by Pichler and Wober,*8 but x-rays were more efficient. Attempts are being made in the U.S.S.R. to induce the formation of rubber jp — plants by treating them with ultraviolet rays. Novikov and Herber 44 soaked seeds of & the Tau-sagyz rubber plant in distilled water for 18 hours at 25°C., dried and — irradiated them with a quartz mercury arc under varying conditions. After q irradiation, the seeds were allowed to germinate at 25°C. for two days, after which the catalase activity was determined. In all irradiated seeds the catalase activity increased abruptly. Ultraviolet irradiation of the leaves of Tau-sagyz and — Asclepias, previously saturated with 3-per cent sucrose solutions, caused these | plants to continue the formation of rubber in the dark in a 3-per cent sucrose solution. Non-irradiated leaves, either saturated or unsaturated with sugar, not — only formed no new rubber in the dark but even lost that which they had — contained. Irradiated leaves not saturated with sugar did not produce any rubber, — During growth, plants from irradiated seeds were said not to. have been — attacked by aphids; they also shed their leaves later and recovered their foliage © earlier, indications of increased life tonus. 
From microchemical observations, Kiselev, Osipov and Kuz’mina,*# concluded — that the formation of rubber and closely related resinous material is a photo- synthetic process. 
Exposure of apples to ultraviolet light produced injury and discoloration of the % anthocyanins, according to Pearce and Streeter.46 Freytag 47 finds that ultrasam violet rays may produce necrotic pigmentation (probably melanin) in leaves and fruit skins. Oxygen is necessary for this. With certain leaves a change in perme- ability seems to result. 

. No significant increase in the glucoside yield could be obtained by growing digitalis plants under glass transparent to ultraviolet rays, according to recent experiments of Leonard and Arthur 48 which thus failed to confirm the prior claims of McCrae that this could be done.49 
Potato tubers irradiated for twenty days with a Uviol mercury are or by Mazda lamps showed an increased solanine content, accompanied by the appear- ance of anthocyanin in the sprouts. Irradiation with red-orange light did not induce a significant increase in solanine but caused an increase in chlorophyll. Ultraviolet rays of about 3000A were believed to be effective in solanine forma- tion.5° 

41 Stephens, F. L., Philippine Agr., 19, 265 (1930); Chem. Abs., 25, 1274 (1931). “For data on cells of the prothallium of Osmundia claytoniana or Pteris longifolia, see Charlton, FE. B., Anz. J. Botany, 25, 431 (1938). 
, 43 aan F., and Wober, A., Centr. Bakt. Parasitenk., II, 57, 319 (1922); Chem. Abs., 17, 1270 1923). 

44 Novikov, V. A., and Herber, E. K., Compt. rend. Acad. Set. URS. 131 (1933); Chem. Abs., 28, 1740 (1934), 
45 Kiselev, N. N., Osipov, A. P., and Kuz’mina, K. A., Bull. Acad. Sci. U.R.S.S., Classe sci. math. Nat., 9, 1367 (1935); Chem Abs., 29, 5481 (1935). 
46 Pearce, G. W., and mtreeter, Lo Re J. Biol. Chem., 92, 743 (1931); see also Colla, S., Boll. Soc. ital. biol. sper., 4, 298 (1929); Chem. Abs., 23, 4496 (1929). 
47 Freytag, H., Botan. Centr. Bethefte, 51, 408 (1933); Chem. Abs., 28, 504 (1934). 43 Leonard, C.S., and Arthur, J. Mu J Amo Phorm. Assoc., 23, 224 (1934). 49 McCrae, A., Science, 71, 346 (1930). 
50 Conner, H. W., Plant Physiol., 12, 79 (1937); Chem. Abs., 31, 5017 (1937), 
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benzothiazoles, 743 
pyrrolinoanthranolazyls, 522 

Arylideneacetones, semicarbazones, 491 
Arythmias, heart, 862 
Asbestine, 583 
Ascaridol, 659 
Ascaris eggs, 718 
Asclepias, 890 
Ascorbic acid, 710, 848, 849, 852, 867 
Asparagine, 436, 672, 682 
Aspartic acid, 671, 672 
Aspergillus, 790, 887 
Asphalts, 610, 661 
Assimilation (see Carbohydrate photosynthesis) 
Asthmas, 776, 824 ' 
Asymmetric photosynthesis, 266, 267, 404 
Atmosphere, absorption by, 7, 191-202 

water photolysis in, 299 
Atomic number, 21 

separation, 229, 232, 234, 235 
spectra, 19-22, 25, 230 
spectra, Bohr theory, 32, 33 

Atom-molecules, 237 
Atoms, excited, 26, 27, 229, 236-238, 257 

identification, 231 
in chain reactions, 252-254 
recombination of, 213, 231, 288 

Atoxyl, 726 
Atropine, 726, 760, 761 
Aqueous humor, 762, 764 
Aucubus leaves, 715 
Auger effect, 241, 242 
Auramine, 187, 643 
Aurantia, 634 
*‘Autoxypolymerization,” 565 
Avena seedlings, 888 
Azelaic acid, 559 
Azides, aryl, 481 
Azidopropiondimethylamide, 266 
Azidosalicylic acid, 481 
Azine dye, 497, 640 
Azobenzene, 336, 500, 603 
Azobenzene dicarboxylic acid, 498 
‘hydroxy, 499, 562 

Azo compounds, 499, 500 
dyes, 624-626, 630, 640, 643, 659 

Azoisopropane, 459 
Azomethane, 459, 460 
Azonaphthalene, 503 
Azonaphthol, 503 
Azorubin, 638 l 
Azoxyanisole, 499 
Azoxybenzene and derivatives, 469-471, 496, 499 
Azoxynaphthalene, 493, 503 
Azoxyphenetole, 499 
Azoxytoluenes, 499 

B. colt (see Escherichia coli) 
B. diphtheriae, 704 

. enteriditis, 825 
leptisepticum, 776 
mucosus capsulatus, 696 
mycoides, 709 

. paratyphosus, 696 

. pasteurianum, 630 
prodigiosus, 693 

. subtilis, 695, 696 

. typhosus, 693, 694, 696, 698 
Bacteria, and irradiated oils, 727, #28 

and methylene blue test for milk, 762 
and nitrogen fixation in soils, 350 
antigenic properties, 706 
differentiation 706 
extracts, as sensitizers, 861 
growth, 886 | 
in air, 729 
in milk, 721 
lethal irradiation, 247, 692-707, 860 
luminous, 876 
pigment formation by, 888 
purple, 881 
sublethal irradiations, 696, 697, 828 
sulfur, 518 

Bacteriolysins, 758 
Bacteriophages, 711, 712, 860 
Baicalinase, 684 

by 

by by ty by by by by by 

ae 

Bakelite, 183, 584, 612 
Baking, effect on vitamin D, 830 

industry, ultraviolet rays in, 722 
Balata, 594, 602, 603 
Ballast, ca eee 141, 146 
Ballistite, 4 
alloon fabric, 189, 608-611 

Baliner series, 20, 22, 32, 52, 156, 163 

Bamberger reaction, 470 
Banana meal, irradiated, 829 

skin, pigmentation, 891 

Bands, physical isolation, 189, 190 
Schumann-Runge, 293-295 
spectra, 52-63, 217-228 

‘“Parium acid stearate,”? 265 
Barium carbonate, 176 

fumarate, 454 
glass, 165 
ion, 377 
lines, 26 
maleate, 454 
metaphosphate, 172 
oxide, 50, 168, 169, 171 
BlaemenyeHe 261 

earate, . 
diate, 384, 582, 583, 605, 609, 869 

Barley, germination, 885 
Barrels, sterilization, 725 
‘‘Baryaire’ equipment, 730, 731 
Barytes, 359, 582, 583 
Basal metabolism, 744, 746 
Basic carbonate white lead, 582, 583 

Basic colors, fading, 635 
Batiste, 189 
Bauxite, 359 
Bean roots, 887 
Beef, ada 724 

eer, 20 
Boris law, 207, 352, 365 
Beeswax, 559, 743 
Begonia, red pigment, 715 
Belladonna, daoie 

enedict’s solution, 

Hensal chloride, 526, 544, 545 

Benzaldehyde, 451, 472-474, 496, 511 

and indium oxide, 360 

and nitrobenzene, 470, 471 

and potassium cyanide, 480 

and EE Se are War 
bber gelation, 

ae et reduce with acetophenone, 490 

derivatives, 472-476, 494, 49 

/ 

8 

formation, 467, 470, 477, 478, 481, 483, 518, 526 

in sulfite oxidation, 356 
oxidation, 255, rigs 474 
henylhydrazone, 

photolysis, 468, 473, 474 par 

Benzaldoximes, oe 493, 

‘anzalephedrine, 
on cakecavis acid, methyl ester, 490-492 

Benzamide, 340, 438 
Benzanilide, 438, 470 
Benzanthracene, 505 
Benzanthrone, .595 

dihydro, 505 
Benzaurin, 627 
Benzene, 187, 244, 340, 407, 411, 451, 469, 478, 

479 
absorption bands, 154, 155, 466, 467 

and nitrogen eee 469 
en, ; 

Prkatige th electrodeless discharge, 36 

detection, 467, 651 
emulsions, 391 
filter, 189, i 
fluorescence, 
formation, 414, 458, 472 

halogenation, 527, 542-544 
homologs, 467 
nitration, 469, 470. 
reaction with bromine atoms, 544 

ring, 183 
ntapety Peete 

ene derivatives: 
Fee SCH ioB ORNL, 496, 497 

azocresol, 496 
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Benzene derivatives (Continued) 
azonaphthylamine, 603 
azophenylnaphthylamine, 626 
azoxy, 469-471, 496, 499 
diazonium chloride, 500 
diazonium compounds, 625 
dihydrohexabromo, 543 
acne io 
diphenyl, 
diphenylamino, 562 

48 ’ . . 

ie els substituted derivatives, 469, 474, 542- 

544, 546, 547 
hexahydroethyl, 473 
idl delat a As 
hydroxyazo, ; 

Bees, 260, 339, 479, 497, 498, 573, 610, 646, 

672 
Benzil, 478 
Benzil dioxime, 498 
Benzilic acid, 478 
Benzimidazole, 852 
Benzine emulsions, 391 
Benzo colors, 638 
Beasotay i ho 
enzohydrol, 
Seer acid, 187, 344, 515, 640 

ehieniganon, ee 
ification, 

rata a 467-470, 473, 474, 478, 481, 483, 

484, 496, 506, 508, 514, 526 
hotolysis, 480 : 
re with ae, Se 
nzoic acids, amino, 

ates 477, 500, 546, 547, 549 
diiodobenzoyl, 498 
hydroxy, 480, 500, 546 
nitroso, 472, 474, 475, 516 
trinitro, 472 

Benzoin, es By 
zonitrile, 

Hee enone 340, 404, 430, 476-478, 480, 507 

alkyl oximes, 478 
carboxylic acid, 478 
ince ie ay 
dihydroxy, 
di(hydroxymethyl), 478 
dimethoxy, 477 
dimethyl, 477, 506, 547 
dimethylchloro, 478, 547 

Benzopinacol, — 476-478 
Benzopurpurin, 
Renta. 511, 765, 865 
Benzoquinone, 469, 474, 480 

absorption spectrum, 479 
and alcohols, 404, 480 
in photodxidations, 507 
oximes, 471 
ash es te 

Benzothiazole, 
Benzotrichloride, 526, 544, 545 
Benzoylacetal peroxide, 473 
Benzoxazole, 183 | 
Benzoylacrylic acid, 491 
Benzoylaminophenol, 496 
Bene eae ot 
Benzoylcamphor, 3 
Beer chloride, 401, 547-549, 834 
Benzoylchlorophenylethylene oxide, 493 
Benzoylethylene derivatives, 489, 493 
Benzoyl peroxides, 410, 411, 415, 612, 834 
Benzoylphenylhydroxylamine, 496 : 
Benzoylpyridine, 520, 521 
Benzylacetone, semicarbazone, 494 
Benzylacetophenone semicarbazone, 494 
Benzyl alcohols, 357, 471, 472, 526 
Benzylamine, 495. ‘ 
Benzylaminobenzoic acid, 743 
Benzyl benzoate, 592 
aco es naateos 
enzylcellulose, | 

Benzyl chloride, 401} 496, 526, 544, 545 , 
Benzylidene derivatives, 401, 472, 490, 493, 516- 

518, 522 
‘Benzyl iodide, 399 
Benzylmethylglyoxal, 451 
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Benzylphenylacetate, 478 
Benzyl stearate, 589 
Benzylpyridine, 520, 521, 646 
Bergamot oil, and sunburn, 743 
Berlin blue hydrosols, 390 
Beryllia, 171 
Beryllium carbonate, 172 

fluoride glasses, 170, 171 
phosphates, 172 

Betaines, 626, 671 
Biacetyl, 422, 427, 429-431, 440 
Bidiphenylene-ethylene, antioxidant, 603 
Bile acids, 669, 792 

as sensitizer, 861 
Bilirubin, 745 
Bios, 175 
Biphenylenethylene, polymerization, 490 
Birge-Sponer extrapolation, 235, 236 
Bismarck Brown, 639 
Bismuth, 150 

halides, 240, 411, 545 
in carbon arc, 58 
lamp, 148 
oxide, 508 
subgallate, 479 
triphenyl, 592 

Bisulfite ion, 355, 357 
Bitumen, 661, 662 
Bivinyl, 408, 411 
Black body radiation, 15, 16, 155 

light, filters for, 178, 179 
Blackman reaction, 875-877, 879-881 
Bleaching, of oils, 557 

solutions, 346 
Blood, bactericidal power, 757, 775, 776 

calcium, 754, 755, 774, 776, 778, 783-785, 788, 
818, 822, 823 

catalase, 685, 825 
cholesterol, 755, 773 
clotting, 746, 825, 862 
enzymes, 742, 756 
glutathione, 825 
irradiation, effects of, 703, 746-759 
lipids, 825 
phosphorus, 754, 774, 778, 779, 783-785, 788, 

818, 822 
pressure, 733, 746 
purines, 703 
serum, 683, 746, 862 (see also Serum) 
sugar, 734, 751-753, 774 

Blood (see also Erythrocytes and Leucocytes) 
Bohr theory, 17, 21-25, 32, 33 
Bond strengths, 217, 234 
Bonds, conjugated double, 406 
Bone ash, 786, 789 

calcification, 818, 822 
cultures, 818 
decalcification, 819 

Bonnemasonia asperagoides, 713 
Borax, 166, 171, 640 
Boric acid, 172, 648 
Borneol, 514 
Bornyl chloride, 550 
Boron, 64, 142 

halides, 64, 411 
hydrides, 359 
nitride, 139 
oxide, 75, 168, 169, 171, 176,. 179 

Botrytis cinerea spores, 696 
Bottles, and stability of contents, 343, 346 
Brackett series, 20 - 
Bread, irradiation, 723, 830 
Bredig sols, 388 
‘Brephos,”’? 175 
Breweries, use of ultraviolet rays in, 720 
Brilliant Copper Blue, 633 

Green, 259, 264, 498, 627 
Safranine, 634 

Broadcloth, 616 
Bromaniline, isodiazotate, 646 
Bromates, 348, 617 
Bromic acid, 455 
Bromides, 341 
Bromine, 211, 214, 256, 345, 359, 540-546, 548- 

550, 760 5] 

ee setae tae spectrum, 181, 237, 249, 275, 

and carbon monoxide, 316 
and cinnamic aldehyde, 487 
and cis-trans conversions, 454-456 
and coumarin, 488 
and eleostearic acid, 565 
and diiodoethylene, 536 
and phenyl cinnamonitrile, 485 
and sulfur dioxide, 332 
as sensitizer, 307, 341, 485, 491, 535, 536 
cane hae 280, 454, 455, 486, 537, 541, 544, 

5 
Budde effect, 283 
excitation potential, 239, 373 
induced predissociation, 243 

Bromodimethoxybenzoylacrylic acid, methyl ester, 
491 

Bromoethylbenzene, 546 
Bromoethylbromomalonate, 542 
Bromohydrocinnamic acid, 548 
Bromomethoxybutyric acids, 541 
Bromomethoxycinnamic acid, 487 
Bromomethoxyhydroxybenzaldoxime, 494 
Bromomethyl methylbenzoylbromides, 547 
Bromonaphthoquinone, 502 
Bromopentanes, 413 
Bromophosgene, 316, 317, 346, 401 
Bromosalicylaldehyde, 481 
Bromosuccinic acid, 452 
Bromotrichloromethane, 532, 533 
Bromovinylacetylene, 415 
Bronner’s acid, 382 
Brownian movement, 675 
Brown-Pierce sarcoma, 766 
Brucella abortus, 706 
Bruchus obtectus larvae, 718 
Brush discharge, 284 
Buckwheat, 745, 861 
Budde effect, 273, 282, 283 
Bunsen-Roscoe law, 205, 474, 697, 698, 714, 767 
Burdick air-cooled lamp, 728 
Burns, treatment, 770 
Butadiene, 408, 411, 596 

dicarboxylic acid derivatives, 493 
dimethyl, 502, 594. 

Butane, 258, 393, 394, 396, 429, 526, 531 
diiodo, 537 
diols, 833 
150,526, 50,1 

Butene, 514, 536 
Butoxybutadiene, 408 
Butter, 556, 559, 560, 562, 563,721, 817, .83L. 

835, 836, 854, 355 
Butyl alcohols, 402, 403, 538 

bromide, tertiary, 399, 464 
butadiene sulfone, 413 
chloride, 531, 657 
iodide, 396, 397 
magnesium chloride, 464 
oleate, 589 
oxide, 657 
radicals, 429 
tartrate, 657 

Butylene, 396 
Butyraldehyde, 403, 421, 422 
aie bk 441, 477, 478, 540, 541, 710, 711, 

7 
dihydroxy, 407 

Butyroin, 451 
Butyronitrile, 791 

Ciyee., 689, 789, 830, 889 
Cabomba caroliniana, 881 
Cacao bean sterols, 831 

butter, 556, 817 
oil, 556 

Cade oil, 513 
Cadmium, and lithopone blackening, 385 

‘arc, 147-150; 231, 693 
as photosensitizer, 258 
halides, 240 . 
heat of dissociation, 234 
lines, 5,150 

Cadmium, oxide, 630 
photoelectric cell, 97, 99 
sols, 386, 387 
spark, 167, 259, 390 

Caesium, 131, 238, 349 
iodide, 238, 342, 372, 373 

Caffeine, 370, 522,676 ___, 

Calanus finmarchius respiration, 767 

Calciferol, 806-809, 820, 821, 831 99 

Calcification, 778, 779, 784, 785, 818, 8 

Calcium, ape prion, 745, 784-786, 818 

and muscle, 76 
dietary, ey 820, 822, 824 

retion, 
te teed 754, 774, 776, 778, 779, 783-785, 788, 

818, 822 
in carbon arc, 57 
in irradiated protozoa, 716 
in plants, 888, 889 
ions, 674, 682, 761 
Fel aly ve 

in, 
sahara coefficient, 784, 786, 830 

salts, 763, 776 
Calcium carbonate, 176, 583, 831, 869 

chloride, 184, 532, 704, 755, 769 

fluoride, 52, 57, 141, 168, 172, 349 

fructose monophosphate, 683 
elycerophosphate, 683 
hydroxide, 410 
pee ae 

1 ate, 
onde cathodes, 131-133, 135, 136, 138 

oxyfluoride, 208, 349 
phosphates, 172, 359 
soaps, 586 
stearate, 410 
sucrose phosphate, 683 
sulfate, 582, 640 
tungstate, 142 

Calibration, of photocells, 99 
of thermopiles, 96 
of ultraviolet meters, 100 

Calico, 499, a 633 
““Callophane,”’ 
Culamel 366, 367, 371, 444, 562 

Calves, rickets, 786 
Camomile, 657 
Canes ae ae r. 
ampholic acid,’ 

petits derivatives, 268, 515, 516 

- Canaries, oxygen consumption by, 744 

Cancers, 511, 766 
Candlenut oil, 574 | 
Cane sugar, inversion, 249, 390 

Caouprene bromide, 409, 410 

Sauer 9 608 
apelin, ) 

pe aieds dilatation, 748 
Capri. Blue, 264, 498 
Caproic acid, 395 
Capsicum, tincture, 658 

Carbalkoxyarylindones, 453 
Carbamide (see Urea) 
Carbazole, 382, a 
Carbocyanines, 
Carhohadrates 431-436, 559, 695, 751-753 

oo 

absorption spectra, 670 
and nitrate reduction, 354 
photosynthesis, 259, 368, 866-882 

Carbon, active, 508 
arc, actinometry, 104 

barium oxide in, 0 
biological effects of, 693, 733, 747, 748, 783, 

784, 889 
carbides, in, 58 
cerium-cored, 54, 55 
Gemiecuan PY, ae 
E ady, ‘ ’ 

Pemiiaes $45 527-529, ale 579, 581 

igniti as mixtures, 
therapy i Bo-s8-02s, 63, Tl 1y Plo» B36 
industrial, uses, 59, 60, 64, 579-581, 607, 618, 

640-643, 645, 653, 723, 829, 832 

milk irradiating equipment, 842, 843 
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Carbon, arc, operation, theory of, 46, 47, 50, 51, 

59 
spectral energy distribution, 51, 53-56, 58, 61, 

157 
underwater operation, 64 

with electrolyte, 59 
with filters, 61 
with hydrocarbons, 60 

Carbon black, 600, 609, 610 

electrodes, 15 
in discharge tube, 141 

ionization potentials, 27 

isotopes, 227 
spark, 154 
spectral lines, 7, 4 

: ) 539 
Carbon dioxide, 144, 279, 343, 345, 393, 416, 939, 

5 40, 883 (see also Carbohydrate photosyn- 

thesis) 
absorption by, 194, 307 

and dyes, 633 
and linen, 615. 
and pheophorbide, 879 

and se 601 ae: 
ess powder, 

a detich to fous chy 194, 868, 869 

i iation, 240, . 

cael sere abe photoreactions, 273, 296, 298, 

308, 316, 327, 329, 361, 364, 428, 469 Me 

formation, 64, 304, 310, 350, 394, 400, 403, 422, 

425, 431-433, 437-442, 445, 447-452, oe 

456, 457, 461, 462, 469, 470, 477, 478, es 

511, 514, 515, 518, 521, 614, 615, 626, 673, 

674, 739, 863 
in accelerated tests, 580, 590 

in fermentation, 709 
in gasoline testing, 653, 654 

in milk sterilization, 722 

nascent, 870 
photolysis, 45, 307, 308 4 

photoreaction with hydrogen, 30 

reduction, mercury-sensitized, 258 

Carbon disulfide, 62, 64, 354, 391, 463, 510, 833 

monosulfide, 354 
monoxide, 370, 393, 652 

absent near carbon arc, 51 

absorption spectrum, 308, 687 

Bea amg quartz, 309 

nd dyes, 
md fermentation: 710, 711 
and fluorine, 317 
and peroxidase, 686, 

and plant photosynthesis, 876 

-catalase compound, 68 

conversion to formaldehyde, Ta 

effects on various photolyses, 296, 316, 322 

-ferrocystein compound, 687 

-ferroglutathione compound, 687 

filter, 309 
nation, 64, 307, 333, 334, 394, 395, 399, 

omg, 405, 416-418, 420-422, 424-434, 448, 
449, 460-462, 465, 472, 473, 478, 521, 614, 

si 
fie of dissociation, 235, 308 
-hemin compound, 68 
-hemoglobin, 687, 688, 749 

-indophenoloxidase compound, 686 | 

in mercury-sensitized water formation, 310 

in oxidation of nitrogen, 324 
in silent discharge, 310 

aad hyri mpounds, 687 iron-porphyrin co: : 

PP antion” 250, 304, 308-313, 315 

photolysis, 308 
poisoning, 749 
reaction with amines, 322 

reaction with ammonia, 322, 458 

reaction with bromine, 316 

reaction with chlorine, 310-314 

reaction with ClO radicals, 312 

reaction with hydrogen, 310 

reaction with methanol, 439 

reaction with nitric oxide, 310 

-Warburg enzyme compound, 687 

Carbon suboxide, 308, 447 

Carbon subsulfide, 62, 64 
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Cholesterol, contaminants as provitamins, 813-816, 

7-dehydro, 794, 811, 815-817, 834 

dielectric constant, 794 

dihydro, 791, 794 
esters, 792 
fluorescence, 735 

Carbon tetrabromide, 345, 395 
Carbon tetrachloride, 182) 279 389 

absorption spectrum, 395 395 ec 
and bromine oxide, 346 
formation, 532, 533 
in rubber cements, 597 
photoreactions of, 354, 400, 529 

pen aise arc, 51, 64 
arbonyl chloride, 539 (see Phosgen 

Carbonyl group, 416, 425, 426 437 a 
aah seco, 440 ‘ 

rbostyril, tetramethoxypl 
Carboxy-acids, 467, 547 Stee 
Carboxyl radical, 540 

Chlorine dioxide, 243, 285, 306, 307, 347, 348 

heptoxide, 348 
hexoxide, 298, 307, 348 

monoxide, 305-307, 347, 348 

Chlorites, 346 
Chloroaminopyridine, 520 

Chloroanthraquinones, 506, 507, 617 
3 

Chloranthrone, 508 
in blood, 755, 773, 825 

Chlorobenzene derivatives, 543, 544, 546, 547 in skin lesions, 742, /6' 

Chlorobenzoic acids, 477, 500, 546 irradiated, skin absorption, 847 

Chlorobenzophenone, 477 
of wool, 623 

Chlorobromobenzene hexachloride, 544 oxidation, 559 

Chlorobromoethylbenzene, 546 
sols, 669. 

Chlorocineole, 550 
Cholesterolized antigen, 758 

Chlorocinnamic acid, 483 
Cholesteryl oxides, 792 

Chlorocumene, 550 
Cholic acid, 670 

Cerium, nitrate, 166 
oxide, 165-167 
perchlorate, 370 
peroxide, 573 
Ta ieee eggs, 764 

ain reactions, 213-215 : 
357, 497 » 249, 252-255, 259, 356, 

bromination of acetylene, 537 
bromination of cinnamic acid, 486 
chlorinations, 532, 535, 542, 543 
eee combination, 283-285, 287-290 
ydrogen-oxygen combination, 301, 302 

Care é 
hydrogen peroxide photolysis, 340 

Se oe es 765, 865 eae Sirexerr ig iodide photolysis, 536 

2 ’ 

1S, ’ 

eens ITI, 634 Chine polymerization, ia 

arnauba wax, 410, 608 
alcone and derivatives, 490, 491 

Chl 
i 

; 
i . , , 

orocyclohexene, 543 
Choline, 669, 677 

ee oe ee 876, 882 cee ae pants, 577,. 578, 581, 583, 589 . Chlorodibenzoylethylene, 489 Christiansen filters, 189 

SO id Charcoal, 171, 226, 341, 392, 469 | ee ae eee ee tenets 

and ia ae Jn 
ees ae pie gay. 

absorption and photolysis, 396, 400 pigments, 582 ‘ 

“" ences See 858 Chedleiae a ecetie iene Aro paper rolls, 662 action of x-rays on, Chromic acid, 206, 209, 251, 252, 364, 450, 524, 

bleaching, 854, 856, 871 Cheese, 563 alate Pea Beatie Bac a quinine, er . 
, 

conversion into vitamin A, 854 Chemoluminescence, 265, 464, 878 chlorination, 532, 233 

a formation, 888 4 ee water, 456. ‘ 
ee re ; a n 532 

arrots, destruction of vitami icago, antirachitic radiati 
n, , 

Carvacrol,, 13 n of vitamin A, 856 Chicken food, he Seas at, 170, 173 ei net nee 

arvone, 515 
ickenpox, 775 : 

oroformic acid, ; 

Caryophylline nitrosite, 515 Chicks, and hay extract, 790 
COT atk poe ar 507 

Casein, 583, 620, 674, 678 encephalomalacia factor, 856 
eos or viene, ee F 

Pais ons ee a ee aa : 88 
ee cn sopirencne ce 

or oil, : 589, 
eg weakness, » 202, 

; 

Catalase, 560, 680, 6a, Gene ale crear ab a phosphatase, 819 02, 787 
Chloronaphthalene, 549, 592 

Catalysts, ‘253, 254, 444 pins ine Rtguebye dese SMT EE gS Chloron a tnd righenylmethane, 626 

Cataplasms, | 498, 531, 532, 539 Chinawood oil, 564-567 . 
Chloronitrosocyclohexane, 461 

| Pinna a ee eee emementDs, gametes, 767 Chlorcblefnes aie 14 

Cataatien’ tennin 651 Chioramine, 108, 721 Chlorophyll, 260, 261, 263, 264, 555, 791, 871, 888 

Cindde cays, 38 ae aes | Ce 
athode rays, 35, 152, 15 

orates, 307, 346, 
an ydrogen, ; ( 

Cathodes, nickel, 160, rk 657, 804, 828, 832 Chlorazol dyes, 616 oe, are 
absence of photoelectric effect, 872 

nickel oxide, 132 
Chlorella, 713, 714 974-5 ‘ 

bleaching. 871, 872 

; Nav ek Gia ea kc eid bon dioxid d. 871, 875-877, 880 

oxide-coated, 131-133, 135, 136, 138-140, 146 

-carbon dioxide compound. ‘ -877, 

52 
hydroxide, 389, 404, 469 

sulfate, 439 
Chromium, 167-169 

cations, 337 
chromate, 404 
coatings for arc carbons, 51 

complex salts, 363, 369 

hydroxide, 615, 633 

in cored carbon arc, 

lines, 26 
mirror in discharge lamp, 139, 142 

reflectors, 147 

salts, 187, 359, 443, 617 

trioxide green, 

Chromophore theories, 624 

Chromoprotein, in algae, 881 

Chromosomes, 703, 704, 718 

Chromotrope-2R, 260 

Chromyl chloride, 365 
Chrysiasis, 744 
Chrysogen, 504, 511 
Chrysoidine, 616 
Ciba Blue, 616 Chloretone, 717 

Chlorhexane, 530 
chemoluminescent glow, 864 

151, 152, 160 
Schiller, 151 
sputtering, 139 
tungsten, 131, 161 
Wehnelt; 76, 131, 133, 156 

Cattle, irradiation, 835 
epee: 188, 643 

ell, absorption, 2 
Gelloidin, 463 iscsi 
Cellophane, 185, 325 
Cells, filter, 184 

photoelectric, 97, 99, 100, 107 

Ne ian elluloid, 9, 167, 407, 462 
Celluloid-like products, hi Me 
centers ae 617, 618, 626 

acetate, 3, 463, 585 
acetate silk, 188, 616. Saati 
acetobutyrate, 411 
and dyes, 633 
and flavanthrene, 635 
benzyl, 463 
derivatives, 589, 621 
deterioration, 613-617 
ester, 173, 621, 648 
ethers, 648 
ethyl, 463, 591 
hydrate, 167, 562 
lacquer, 51, 588 
nitrate, 462, 585, 591, 618 
regenerated, 173, 562 
tricrotonate, 6 

Chloric acid, 298, 346, 548 
Loan excretion, 760 

orides, 341, 343, 346, 348, 384 
Chlorinated olefines, as solvents, ee te 
Chlorinated rubber, 611, 612. 
ies ee catalysts, 551, 552; 539 
hlorinations (see the compounds chlorinat 

Chiorine, 187, 2115-2159.256; .291, ae ane ea 
529, 531, 542, 543, 546, 547, 549, 550, 721, 

absorption spectrum, 181, 2 
61, 282, 291. oc peer miaii ©. 

and copper, 359 
and hydrogen atoms, 540 
and natural gas, 526-528 
as aoe 259, 297, 298, 302, 303, 310, 314 

attempted activation of, 284 
atom, 302, 306, 529, 532-535,'.540 
aes es of, 213, 283, 284, 306, 313-316, 348, 

0 
bleaching, 617, 618 
carrier, 544 . 
saci viet 437, 262s BSo; 287,.291, "311, S12 

excited molecules, 269, 287 
filters, 181, 182, 314, 300 - Cua a 
ormation, 305-307, 347 : 306, "546 , 348; -361, “400, "451, 

in milk sterilization, 722 
istotopes, 227 

2 SE ee See eS 

diradical, 510 
fluorescence, 864, 877, 878 

formation, 886-888, 890 

green, 611 
orientation in chloroplast, 881 

peroxide, 863, 872 
photoactivity, 872 

photolysis, 680, 871 

photodxidation, 863, 871, 872, 878 

relation to carbohydrate photosynthesis, 862, 

866, 872, 873, 877 
sensitizer, 434, 451, 490, 498, 592. Bde, Deus 

625. 626, 678, 749, 860, 862, 864 

skin sensitization by, 
-water complex, 87 

Chlorophyllase, 873 
Chlorophyllin, 872 
4-Chloropicolinic acid, 520 
Chloropicrin, 460 
Chloroplasts, 715, 866, 871, 881 

Chloroprene, polymerization, 596 

Chloropropanes, 526, 531 

1-Chlorosuccinice acid, 452 

Chlorotoluenes, 544, 549 

1-Chlorovinylacetylene, polymerization, 415 

“Chlorozone,”’ 288 
Chocolate, irradiated, 831 

Choke, for starting mercury arc, 92 

B-Choladienic acid, 817 

Cholanic acid, 817 

a-Cholatrienic acid, 817 

Cholehematin, as photosensitizer, 861 

Cibanone colors, 161, 616, 633 

Cinchonidine, 524, 658 

Cinchonine, 524, 525 

Cinchoninic acid, 508 

Cineole, 550 
Cinnabar, 367 
Cinnamaldehyde, 423, 474, 482, 484, 487 

nitro, 475 
semicarbazone, 494 

Cinnamalmalonic acid, dimers, 485 

Cinnamanilide, 484 

Cinnamic acids, 185, 482-487, 490, 491 

and nitrobenzene, 470, 471 

formation, 474, 482 

halogenation, 255, 267, 485-487, 547 

Cinnamic anhydride, 484 

Cinnamide, 484 
Cinnamon oil, 513. 

Cinnamonitrile, a-phenyl, 743 

Cinnamylideneacetic acid, 484, 485 

Cinnamylideneacetophenone, 485 

Cinnamylidene-m-nitroacetoph
enone, 485 

Circuits, electrical, for spark production, 39-42 

for starting mercury afc, 70, / 97 

for underwater spark, 154 

Circulatory system, and irradiation, 733, 746 

Cis and trans compounds, absorption spectra, 412, 

4} 
interconversions, 457 

Citraconic acid, 456 

Citraconic anhydride, 806, 807, 834 

Citraiat) 
21 

‘““Cel-O-Glass,” 170, 174, 175, 782 
| Cephalin, 669 

Cholera phage, 712 

| 

vibrio, 706, 758 
Cholestadiene, 817 

Cholestantriol, 792 

Cholesterol, 660, 756, 793, 812, 818 

of skin, 742 
photpesnanset ee 284, 285 
reaction wit Cl molecule, 312 
reaction with formaldehyde, 418 ern 
sete si subi apoues $55: b t 794 

1 with sulfur dioxide, 331, 3: absorption spectrum, 

triatomic, 284, 288, 302, 311, ie tke ayy cet activation, 791-793, 795, 796, 802- 

water, 205, 346, 614 | = 804 

Citric acid, 369, 377, 648 

and ferric iron, 361, 362 

and pyridine, 518 
bromination, 540 
in tobacco, 884 
oxidation, 364, 448, 450 

reduction of stannic acid, 366 

Cereals, irradiation, 722 
Ceresin, 610, 661 mote oir Cero ani 
Schiiae 792 
‘erium, 23, 54, 97, 98, 1 
fluoride, 51 ee 
hydroxide, 390, 432, 450 
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Citric acid, ultraviolet 
uranium-sensitized photolysis, 450 

Clark lithopone units, 716 
Clay, in rubber, 610 
Cleveland, solar energy at, 196 
Cloth, 188, 189, 727 
Clouds, effect o 
Clove oil, 513 
Cluster theory, Weigert, 285 
Coagulation time, blood, 746 
Coal-tar, 512, 600, 865 
Cobalt, 166, 167 

and lithopone blackening, 385 
cations, 337 
complex salts, 260, 368, 444, 445, 479 
drier, 572, 574, 592, 596 
glasses, 165, 168 
hydroxide, 368 
in carbon arc, 57 
lines, 26 
oxide, 165, 179 

n solar radiations, 198, 201 

salts, 187, 188, 359, 367-369, 403, 409, 444, 591, 
596, 869, 870 

sulfate filter, 347 
Cobra venom, 691 
Cocaine, 268, 522, 658, 726 
Cocoa, fluorescence, 556 
Cocoanut oil, oxidation, 559 
Codeine, 525, 726 
Cod-liver oil, absorption spectrum, 555 

and calcium metabolism, 784, 785, 818 
and _ rickets, 779, 780, 786, 788, 813-815 
conductivity, 556 
irradiated, 728, 789, 7910831 
oxidation, 559 

Cod-liver oil, toxicity, 822 
vitamins, 780, 793, 820, 834, 838, 854, 855 Coenzymes, 680, 686-688 

Coffee, 660 
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sensitizer for plates, 381 Copper, in carbon arc, 57 
irradiated, 748 
line, 240 
number, 614, 616, 618-620, 633 
oxidation, 359 
salts, 184, 187, 188, 359, 362, 409, 498, 531, 

i 553, 589, 603, 610, 617 
sensitizer, 265 
sols, 386, 389, 391 
underwater spark, 153, 155 

ORRGe atschats, in carbohydrate photosynthesis, 
0 

carbonate, 522, 883 
hydride, 237 
hydroxide, 389, 657 
oxides, 179, 304, 442, 508, 563, 655 
soaps, 586 
sulfate, 184, 186, 187, 347, 357, 439 

Coprosterol, 792 
Corallin, 381, 629 
Coramine, 520 
Cordite, 462 
Corex (see Glass) - 
Corium, of skin, 735, 736 
Corn, 886-888 

meal, bleaching by sparks, 45 
Oy 557, 574 
silage, 790 

Cornea, of eye, 164, 762 
Corneum, of skin, 735, 736, 739 
Corpuscular theory, 3 
Corrosion, of metals, 661 
Cosine law for intensit y and angle of irradiated 

surface, 771 
Cosmic rays, 9 
Cotton, 188, 502, 608, 613-618, 620, 621, 626, 633, 

637, 639, 646 
fluorescence, 645, 646 

SUBJECT INDEX — 

Cumidine, 513 __ 18 

invlidene hydrazones, 
soa 

Re cedmnbttinith rayon, 
188, Gio, its 

Cuprene, 414 
Cyanamide, 354 orig 

ides, ‘ 

Cranins, a cae ie oie 542 
ropane, 

Ce, 53, 192; ape oe 456-458 

Cyclobutane derivatives, 484, 

Cycloheptanone, 429 secede. 473 

Cyclohexane, 182, 407, : ‘ 

carboxylic acid, 547 , 

1-chloro-1-nitroso, 205 aii 

halogenation, 211, aaa 
: 

irradiation with air, 

nitration, 470 

Ses and derivatives, 395, 403, 429, 516, 

517 
Cyclohexenes, 407, 413, 543, 547 

hexenones, ohne 

fo neeeiaeaine, derivatives, ot ine 

Conlapentane, and derivatives, Te 

© yclopentanone, and derivatives, : 
1 

. . 
56 541 

3 a, ? ’ > 

C 
bd d d a > 

. 

, 546, 653 

Cyclops, 684, 767 
inder oil, 653 

Go teine, 433, 463, 673, 679, 750 

Cystine, 623, 672, 673 

Pa ge es : 

tolysis, f 

Giccte. 677, 696, 699, ~Q1 

Dantia, dye, 634 

955 

Diagrams, energy-level, 27-29, 92, 219, 220, 229, 

aceon zene, 498 i hydeazoben : 

Dia ge iiaryifamarates, 
453 

iallyl, 594 

pa yithiocarbamide, hen 
256 

Diamagnetism, of ee S, 

Diamin Fast Yellow, a 

Diaminoazoxytoluene, 
ie 

Diaminobenzophenone, 
ard 

Diaminonaphthalene, 497, 

Diaminophenazine, 

Dianisidine, 479 a 

Dianthracene, 262, 3 Pe 

Dianthraquinonylethane,
 a 

Dianthraquinone, a
 

Dianthrone, dimethoxy, 

Diarylanthracenes, oe
 

Diarylmaleic acids, 4 Lane 

Diastase, 680-682, 742, cs 

Diatomic Eel a energy 

iatoms, 

Deg nebenzene,. oe ene 

Diazobenzenesulfonic 
acid, 

Diazocamphor, 516 8 
Diazo compounds, 460, 499, 500, 647, 64 

in actinometers, 10 

iti tentile printing, 645 

photolyses, 624, 62 

Diazo, diphenylamine sulfate, 625 

1-Diazo-2-hydroxy-3-na
phthoic acid, 648 

Diazomethane, 46 0 . 

Diazonaphtholsul fonic acid, 624, 625 

Diazonium salts and textile printing, 646 

i 648 Diazo papers, 647, ae 

i rinting, 645, 

oem Beacess; in pigaipexsDhy 

Diazosalicylic acid, 48 

384 

f, 232-234, 240 

printing, 495, 498 
Cottonseed oil, 557, 558, 789, 847 
Cotyledons, 886 
Coumaric acids, con 

Coil, inductance, for starting mercury arc, 77 induction, 136, 148, 149, 152 
preheating for starting mercury arc, 76 
Tesla, 153 

Colds, and ultr 

Diazosulfanilic acid, aes 

Diazotized oat eth A 

jazotypes, ; 

Meee acids, 440-448 

Dammar, 590, 610 
Datura plants, 889 
Davos, radiation at, : &43 

version to coumarin, 488, 503 Decachlorocyclohexene, 
; Coumarin, and derivatives, 487, 486, 503, 562: aviolet irradiations, 775, 776 

; lacetone, 743 
Decalin, set y edeantirenc, 765 
Decenic acid, ; ‘J 848 Dibenzofuran, Coleus, 886 een eee resins, 585 Dehydroascorbic acid, Collagen, fluorescence, 651 

Colletotrichum phomoides, 711 
Collidine, 519 
Collisions, deactivating, ALS, 1231, 335 

of first kind, 257 
of second kind, 257, 258, 261, 262 

Collodion, 177, 462, 463, 479, 588, 627, 632 Colloidal systems, 64, 386-392 
Collybia dryophila, 711 
Color centers, in crystals, 373-375 
Color photography, 627 
Colpidium, sensitive molecules, 696 
Coltsfoot, 657 

pe if 489 i oylbromoethylene, 

Dee dimeotebUbaticy 492 Jeo 

Dibenzoyldibromoethyl
ene, nee 

Dibenzoyldichloroethyl
ene, big 

Dibenzoyldimethylnap
bina one 

Dibenzoy) Ptraphenylte
trahydropyran, 268 

i 1 ether, 405 | : 

Dibromobenzoyibenzoic
 acid, 498 

ibromoethane, 

pipe omoethylene, AZ, 537 

Ih Counter, Geiger-Miiller, 100 ( Cozymase, 686, 687 
Crackers, irradiation, 830 HI Cracking of paints, 577, 578 F of rubber, 606, 609 
Cragmor, solar energy at, 198-200 
Crayons, 648 
Cream, irradiation of, 841 
Creatine, excretion, 745 
Creatinine, 745, 858 
Crépe de Chine, 188 
Crépe rubber, 595, 598, 600, 602, 604, 605 : 

879 
hydrochlorophyll, 878, 

; . ae ty drocholestene, 796 
‘ea : 

; - » Dehydrocholestenopinacone
, bie leita 

| 7_Dehydrocholesterol, Nae A abe : 

Dehydroergosterol, 810, é 42 

| Dehydrogenases, 686, 68 20 

Dehydrolumisterol, $10, 8 

| rubrene, 

Pe a pea aetceae re aa 817 

4_Dehydrostigmasterol,
 8 

Dental caries, a scaly 4 769 Dibromoisatin, ionic acid, 487 ° Dentists pets radiations in, | Dibromomethoxyphenssgropie fais F Dermatitis, ’ Di romo 3 
Colza oil, 559, 612 ; wine ag pee: Denisa see 2 aiations ny, 769, 861 Dibromopropane, Combustion, and ultraviolet rays, 652 vinyl derivatives, 411 

Dermatology, ta 
Complement, 757-759 Cresolbenzene, 562 

-di i cid, 
Dibromophenylcyclopro

pane-1,2-dicarboxylic
 a 

Complex radiations, summed effects, 255, 256, 441 

Condensers, in production of sparks, 40-42, 153 
Cones, of retina, 857 
Congo Brown, 639 

Red, 389, 625, 633 
resin, 585 

Coniferin, 436 
Conjunctivitis, 164, 763 
onquinine sulfate, 521 

Constant, Planck’s, 8 
solar, 1 

Cooper-Hewitt arc, 
Copal, 591, 610 
Copper, 258, 359, 415, 442, 463, 546 
ammonia complex, 179, 188 
and chlorine, 359 

is, 659 
ee. 439, Laer coe 

Designs, reproduction or, 

Desoxycholic acid, 817 aa 

Deuteroflavin phosphate, be acy TRE 

Deuterium, 290, 302, re : : 

Dexter rg 0 3 ; 
asks, ; 

Deerinn: 387, ee 435, 436, 682 

trinosan, 

Destieee 140,92" Mar Cy i 883 

absorption spectrum, oF 

and earl eit 

diastase, 
es Hacuadlene blue, 630 

Cresyl Blue, 365, 634 
Cresyl Fast Violet, 634 
Crocein, 629 
Crocetin, derivatives, 767, 856 
Crosin, 767 
Crotalus terrificus toxin, 678, 691 
Crotonaldehyde, 424, 425 \ Crotonic acid, 407, 455, 456, 541, 565 , Crotonic amide, 455, 456 

; Crotyl cellulose, 591 
Cruxite A, 166 
Crystal Ponceau, 632 
Crystal Scarlet, 625 
Crystal Violet, 105, 627-629, 633, 634 

Cress seedlings, 715 | i osalicylic acid, 548 

Dibromotetrachlorethan
e, ao ae 

Dibutyl phthalate, 481, 576, 

Dibutyl tartrate, 1735 

ichloracetic acid, | 

Py chicmeciyt Cees
 401, 407 

Dichloroacetylene, aur 

Dichloroanthracene, 
. 

Dichloroanthraquino
ne, : 

Dichloroazoxybenzen
e, 

i nzene, q 

SEE ene. ae ae 543 

i ic acid, 

ye sane ee oyl)-naphthalene, 549 

(see Mercury arc) 

fermentation, . 433 Dichlorocamphané, 0 5 

is, As € . 
{ cineo e, 

eee Crystals, cabsorpiign spectra at low temperatures, Q ieee of tungstic acid, 387 i cyenas eT eee Sas 535, 537 and fatty acids, 554 anistotropic effects, 348, 353 a Diabetes, fave ay 427 Dichloroethylene, nie 
and eee blue-alcohol dehydrogenase, 686 defects, and latent image, 374, 378 Diacetone alcohol, ate, 47, 

diffraction of x-rays, 8 
lattice energy, 372, 378 
photoprocesses, 372-376 _ 

Cucumber plants, 885-888 
Culture media, irradiation of, 709 
Cumene, 550 

compounds and benzylcellulose films, 592 
catalyst, 469 
cation, 337, 377 
cells, in actinometry, 105 
-egg white sensitizer, 553 

i 48 . 
i i hvibenzoylchloride, 5 

Dict ot oro 1,3-dithiacyclobutane-2-one 
anil, 464 

Dichlorohydrindones, 5 - : 

ichloromethane, : as 

Pe Dichloro-2-methylpropane, 
532 

i 506 jacetoxyanthraquinone, 
Diaeetoxyhelianthrone, 

50 i 

é Diacetoxynaphthadianthrone, 

| iacetyl, 421. 
| piace tL diaminodiphenylamine, 

497 

Diacetylene, 41 
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1,2-Di (chloromethyl) 2-methylpropane, 532 ichloromethy] sulfate, 538 
1,3-Dichloro-2-phenylpropane, 550 Dichloropyridine aldehydes, 520 Dichlorotoluene, 549 
Dichroism, circular, 266, 383 
Dichromates, 363-365, 384, 721 
ichromic acid, 524 

Dicinnamalacetone, 485 
Dicyclohexylamine, 612 
Dicyclopentadiene, 538 
1,5-Di G; 9-dichlorbenzoyl) -2,6-dichloronaphthalene, 49 
2,4-Di (dichloromethyl) benzoyl chloride, 548 Didymium, 167 
Didymium glass filter, 177, 178, 616 Dielectric constants, 249, 253 
Diethyl-allylthiocarbamide, 631, 871 Diethylaniline, 643 
Diethyl collidenedicarboxylate, 519 
Diethyl cyclopropane-1,1-dicarboxylate, 

447 Diethyl dibromosuccinate, 454, 455 Diethyl 2,6-dimethylpyridine-3,5-dicarboxylate, 
520 Diethyl diphenylfumarate, 453 

Diethyl diphenylmaleate, 453 
Diethylene dioxide, 833 
Diethyl ether (see Ether) 
Diethyl ketone, 421, 428, 595 
Diethyl maleate, 407 
Diethyl phthalate, 173 
Diethyl tartrate, 407 
Diethyl toluhydroquinone benzoate, 474 Diffraction, 3, 4, 6-8 
Difluorenylene, 511 
Diffuse bands, 241, 243 
Diffuse series, 23, 24 
Diffusion, and temperature coefficients, 248 Di-furoyl peroxide, 517 
Digitalis, 268, 658, 890 
Digitonin, 670, 793 
Diglycol, 405 
Diglycollic acid, 405 
Dihydrobenzanthrone, 505 
Dihydrochalcone, 490 
Dihydrocholesterol, 791, 794 
22-Dihydroergosterol, 811-813, 817, 834 Dihydroisophthalic acid, 481 
Dihydronaphthalenes, 501 
Dihydronaphthylacetic acid, 511 Dihydrophytosterol, 791 
Dihydrorotenone, 659 
Dihydroxyacetone, 339, 404, 428, 432 Dihydroxyanthraquinone, 469 
Dihydroxybenzaldehyde, 498 
Dihydroxybenzophenone, 474 
ihydroxybutyric acid, 407 

Dihydroxydianilinoindophenol, 
497 Dihydroxydianthraquinone, 

506 
Dihydroxy-dinaphthyl-diquinone, 

502 Dihydroxydiphenylpropane, 
612 

7 (2’,3’-Dihydroxy-1’-isopropyl)-isoalloxazine, 
852 +,4-Di (hydroxymethyl) benzophenone, 478 Dihydroxyphenols, 833 

Dihydroxyphenylalanine, 671 
iindyl-m-methoxy-p-hydroxybenzylidene, 

SL? Diiodobenzoylbenzoic acid, 498 
Diiodobutane, 537 
Diiodoethane, 400 
Diiodoethylene, 399, 536 
Diiodomethane, 400 
Diisoxazole ketone, 517 
Diisoxazolepinacol, 517 
Diketones, 404, 429, 431, 478, 514 
Diketopiperazines, 674 
Diketostearic acid, 574 
Dimethoxyanthracene photodxide, 508 
Dimethoxybenzaldoxime, 494 
Dimethoxybenzbianthrone, 506 
Dimethoxybenzophenone, 477 
6,7-Dimethoxy-1-benzyl-N-methyl-1,2,3,4,tetrahydro- 

quinoline-1-carboxylic acid, 521 
Dimethoxydianthrone, 506!..-- 
Dimethoxyhelianthrone, 507 
Dimethoxynaphthadianthrone, 

507 
Dimethoxyphenazine, 497, 498 
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Dimethoxypyrene, 562 
Di-p-methoxystyryl ketone, 489 Dimethylacetaldehyde, 421 
Dimethylalloxazine, 852, 853 
Dimethylaminoacetophenone, 629 Dimethylaminobenzaldehyde, 498 Dimethylamino-methylcoumarin, 609 Dimethylaniline, 497, 643 

hydroxy, 497 
Dimethylanthraquinone, 506 
Dimethylbenzophenone, 477, 506, 547 Dimethylbenzoyl chloride, 547, 548 Dimethylbutadiene, 502, 594 
Dimethyl carbonate, 539 
Dimethylchlorobenzophenone, 547 Dimethylcoumaric acid, 503 Dimethylcoumarin, 503 
Dimethylcyclohexenone, 516 
Dimethylcyclohexy] adipate, 650 2,2'-Dimethyl-9,9’-dihydroxy-1,1’-dicarboxylic dil- actone, 507 
bis (Dimethylbenzoyl) ethylene, 489 Dimethyldiphenyltruxone, 517 
Dimethyl ether, 405, 459 
Dimethylethylene, 429 
Dimethyl fumarate, 453 
Dimethylhexene, 461 
Dimethyl-n-hexyldimethy] carbinol, 428 Dimethyl maleate, 453 
Dimethylphenazine, 497 
2,3-Dimethyl-1,4,11,1 2-tetrahydrophenanthrenequin- one-11,12-endo-2’3 ’-dimethyl-2’-butene, 502 Dimethylditolyl fumarate, 453 
Dimethylditoly1 maleate, 453 Dinaphthaleneé azotide, 497 
Dinaphthazine, 497 
Dinaphthylanthracenes, 508 
initroazoxybenzene, 499 

Dinitrobenzaldehyde, 475 
Dinitrobenzene, 469, 471 
Dinitrobenzoyl chloride, 834 
Di-o-nitrobenzylideneerythritol, 472 2,5’-Dinitro-5,5’-dimethoxydiphenyl disulfide, 500 Dinitronaphthalenesulfonic acid, 501 Dinitrophenol, 499 
Dinitrotetrammine cobalt, 368 Dinitrotoluene, 470-472 
Dinitrotriphenylmethane, 626 
Dinitrosohydroxybenzyl alcohol, 471, 472 ioxytriphenylnaphthacene, 511 Diparatungstic acid, 369 
Dipeptides, 674 
Dipentene-3-methane, 514 
Diphenosuccindan-9, 12-dione, 550 Diphenyl, 480 . 
Diphenylacyldiphenylmethane, 493 Diphenylallyl] ether, 493 
Diphenylamine, 462, 591 
Diphenylaminobenzene, 562 
Diphenylanthracene, 508, 510 Diphen yy bis: (8-azo-N-phenyl -B-naphthylamine), 
Diphenylbenzene, 592 
Diphenylbenzopinacol, 477 
Diphenylcyclobutane-2,4-diatroponitrile, 484 Diphenacyldiphenylmethane, S2t 
Diphenylene ethylene, 408 
Diphenylethane, 478 
Diphenyldimethyltruxones, 492, 493, 517 Diphenyl-bis-diphenylenethane, 626 Diphenyl-di-2-pyridylethane, 520 
Diphenylfurazan, 498 
Diphenylglyoxime, 461 
Diphenylguanidine, 592, 605, 610, 612 
Diphenyl ketone, 595 
Diphenylmethane dyes, 640 
Diphenylnapththacene, 510 
2,3-Diphenyl-e-8-naphth-1,2,3-triazolium picrate, 6 
1,3-Diphenyl-2,4-bis-( B-phenyl-8-cyanovin yl) cyclo butane, 484 
Diphenyltruxone, 493, 517 
Diphosgene, 539 
Diphtheria, 825 

bacillus, 704 

Diphtheria, toxin, 690, 691 

Dipropylglycol, 403 . 
Dipropyl ketone, 42 ; 

Diradical, rubrene, ~ an 

Direct dyes, 616, 639, 
Direct Scarlet, 390 
Diricinoleic acid, 
Disaccharides, 434 

Discharge, electrical, a : 

electrodeless, 36, 37, ; 

a eS tion discharge) 

Pee i Reentry. discharge lamps) 

silent, a 310 
isilane, 3 ; 

Micolscanent law, Wien, hee ee ere 

Dissociation, 212, 214, 216, ; F 

Distyryl ketone, 489 

Disulfides, te 
istemper, ; 

Dectanydsorurtutylueins, 612 jconeennnt 

7 8-Di-(1,5-tetrazo) -4-methyl-( 
he p 

aa dine, 1,2,7,8-tetrahydride), 5 
Dithiocyanoethanes, He 

Dithiocyanoethylene, Mee 

Dithionate ton tea : 

i-0- idine, ; 

BE i romatiep pena chloride, 54 

Disresis, oar 415 ivinylacety : 
Py duiatitccocyeblohextne, 543 . 

Dodecylaldehyde, 424 

Doebner’s violet, 629 
Doppler effect, 231 
Dogfish oil, 853 
Dogs, 745, 786 ; 

Dopa, formation, 67 

Dough, irradiation, 

Dragon’s blood, 610 une 

Draper effect, 284, Fe: 

Drosera cg a 5 

Droserone, 

Drosophila, 703, 765 oe aes 

Drugs, and light, ai) ‘ 

Dryco, irradiated, Ae 

Drying oil substitute, abe 

“Dual purpose” tei tee 

Duco, nitrocellulose enamel, aes 

Dulcitol, 1,2,5,6-di-o-nitrobenzy 
: 

Duranthrene ae no 

Durophen lacquer, 

classification, 30, 32 

40 196, 201, 202, 3 

eerie aniline black, 495 

nitronaphthalene ieee 
501 

ea ae eaih photosynthesis, 80°, 873 

ail cotton tendering, 615, 617, 

d gasoline, 657 
dad Eradated wool, 623. ae 

and perfused baie bani oN 
ium dic ; 

pa Dian rostaatior®, 601, 603, 609, 610 

and Weigert effect, 383 260, 263, 264): 981; 
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phenyl 35 yl, 410] 

Hexahyd 

Hexahydroethylberzener 456° dissociation, 163, 229, 231, 237, 285° 
e, 

Var eR Re ’ 

Goce eee 8% 409 316, 318, 39], pororeactions, 296, 297 

nitration ayo 86 | $58, 378, 385° 397° 409: 438 332, 333, 357 
>, : 7, 869 » 997, 400, 427, 460, 462° &4? 

Fonntungstic acid, 369 
formation, 528 940. 496 0, 462, 534, 

dimethyl, 461 44g? 17, 420-422 137 iy oot, 402, 406 

Hexos ; 
_ 448, 449, 451 45s » 431, 432, 43'9-440' 

pre nosphates, 432 » 868, 870, 878 in gasoline t ey », 405, 514s Reg 

€xosephosphatase, 818 . in metal-vapor lac'p one 654 
S, 0 

Hexur ; ionizati uronic acid, 849 ionization potential, 27 

Ha eure 33 oie 
5 ’ > 1 

oxidati 

High-frequency field, 36 para, 08 250, 257, 258, 289, 299-305, 3 
ilger monochromator 199 reaction with amino » 310 

Spectrograph, 1 
reactio J 0 radical 

Vitameter ea 
react) n with atomic ul, 319, 321 

Hi 2 
lon with carb 

ippuric acid, 672 
reaction with ae 

n 
Histamine 67 

: 
; 

: 1e, 72, 673 
reaction wi On monoxide, 

istidine, 672, 673. 676 gaponiine, 590 Ni; reaction with todine chloride, 280 

Hohen 882 ’ ’ vi 703, 740, 741, 748 reaction with i Oxide, 325 

Denne samp, 695 , resonance monet: ae 

Holvi fe wiolet, 634 reduction of sodiur: / 

oWviglass, 171, 173 spectra, 20-22, 33, mi gnolybdate, 369 
ne, 658 -transferrins ¢oen, » 4028, J 

Fomotropococaine, 436 
vero DORE Te gy es 63, 272 

Honeenas wre 888 Hydrogen compounds: : 
’ - : . 

e 
. 

Hor 678 
oon o78, 324, 384 

itals, : a ; ; » 49 
eiriana we eet sterilization in, 728-7 ee 550 8, 506, 508, 541, 542 545 

Humidity, and dye tdi, Ooo 641 4 “ and isostihene ee 275 oe 
and meat tenderizj Ing, 636 641, 6 

stilbene, 542° 

T1zin 7 » 642 photolys 

agp rayon detestoratigd’ 54 dD Ente ee ae 272, 274, 275 

a accelerated paint test chloride, 187. 37 14,°254, 275-299 

Usdent ed eae 530, 531. sa? 346, 366, 369, 508. &9 
an 

? . L 
; 2 s 

vdrastinives "583 : 
pat ‘spectrum, '23¢°294°"4048 (a 

Se ante oe 658 ae Waridine, Jithraquinone reais 506 

drazin 
and quinine, 

eat Pier ey 258, 318-323, 363 374 dielectric ree 

Hydrazones, piste ry 500 cy on Ciecusae hl 

Fivdtiodie <cit 70 et ree 
a chlorofor wer, 

Hydroa, “861 id (see Hydrogen iodide) Seegr 394, 395, 400, 41 acne 

ydrobromie acid : : ‘ , » 418, 440, 529, 532 

Hydrocarbons, alipbenio yap bromide) photolysis, ase, anes, 497 
atic, 466-469, 6 

svuthecis » 272, 274, 27 

chlorinated, shabiliciens . ache tt esis (see Hydrogen-chl 5, 281 

cyclic, absorption spect: eae ide, 62, 363, 451, 456, 458, don ination) 
ormation, 64, 425 he eee ; : » 498, -.875-875 

f ee » 437, 4 iodide, 24 
, ie 

ages i $8) A4B, 459, 460, 464 asics nee eee 

liquid, 394, 531 and methyl iodide, 397°? 720? 272 
satundted cepa formation, 274, 400, 46 : 

er tnsatnrated 393° 436" 3 Dhotolysis, 211, 212, B18, oe 
, p P 9 hotodxidation 20" , 2 272- 

rrcekiGere Ge » 931, 533-538 655 peroxide, 340 sid tas ; 72-274, 342 

see Hyd : 629, 633, : » 411, 433- 
ydrogen- ae ydarogen chl » 633, 649, : 435, 449 

Hydrocinnamaldchyde dig ata) areas ha cae liz ectiuim, "304°" 399 7380 a3 
ydrocinnamic acid, _ renaline, 688, 689’ » 939, 341 

Hydrocyanic oe 340, 482, 548 a prided tda eee 868 
woreta, 875 ; , , 876-880 

and cholesterol, 834 
’ 414, 440 ; ’ 4 ; and 

615, 650, 652 » 406, 471, 481, 614, i ee G94 

and insulin, 679 i 
and lethal action of radiations 695 
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Hydrogen peroxide (Continued) 

and milk irradiation, 722, 840 

and pyridine, 519 
and silver sols, 388 

and soy bean oil, 573 

bleaching by, 618 
dissociation, 304, 339 

emission spectrum, 304 

formation, 299, 300, 302, 339, 604 

in actinometry, 341 
in carbon monoxide oxidation, 309, 310 

in forming metal sols, 387 

in sensitized oxidations, 258, 863 

in water photolysis, 299 

inhibitor of Eder reaction, 445 

oxidations by, 304, 418 

photolysis, 209, 253, 254, 267, 304, 305;.339- 

341, 410 
reaction with hydroxyl radical, 340 

reaction with oxygen, 

sensitizer for ethanol oxidation, 403 

Hydrogen sulfide, 354, 359, 367, 390, 407 

absorption spectrum, 390\).'3865- 330 

and plant photosynthesis, 875 

and vitamin C, 848 

formation, 599, 623, 654 

in paint tests, 580 
photolysis, 329, 330, 355 

Hydroquinol, 509 
Hydroquinone, 356, 390, se 439, 604, 631, 688 

and polymerizations, A10, 595,596 

formation, 482 : 

in vitamin D preparations, 833 

Hydroxamic acid, 882 

Hydroxy acids, 440, 448-450 

Hydroxyanthraquinone, 507) 

Hydroxyazobenzene, 470, 496, 499, 562 

Hydroxyazonaphthalene, 503 

Hydroxybenzoic. acid, 480, 500, 546 

Hydroxybiphenyl, sodium sulfonates, 743 

Hydroxychlorophyll, 878, 879 

Hydroxycholesterol, 792 

Hydroxycifinamic acid, 484 

Hydroxydimethylaniline, 
497 

Hydroxydroserone, 502 

Hydroxyisatogenic acid, 482 

(Hydroxyethyl) isoalloxazine,
 852 

Hydroxyl ion, absorption spectrum, 338 

radical, 299, 301, 302, 305, 397, 438, 439 

reactions of, 304, 305, 309, 340, 438 

5 

4-H ydroxy-2-methyl-N-phenylmorpholine, 
612 

Hydréxynaphthaquinone, 502 

Hydroxynaphthylcrotonic acid, 503 

Hydroxynicotinic acid, 702 

Hydroxyoleic acid, 553, 559 

Hydroxyphenazine, 522 

Hydroxyphenylenediamine, 498 

Hydroxyphenylpropanolamine, 
689 

Hydroxyproline, 672, 676 

Hydroxyquinoline sulfonic acids, 183 

Hydroxysiloxene, 333 

Hydroxystearic acid, 560 

Hydroxystyrylmethyl ketone, 489 

Hyperemia, 734, 741, 746 

Hypericum, photosensitizer, 861 

Hypertension, therapy, 774 

Hyperventilation, 753 
Hypnone, 513 
Hypobromous acid, 455 

Hypochlorous acid, 307, 346, 618 

Hypoiodite, 343 
Hyponitrous acid, 350 

Hypophysis, 690, 790 

|tuminating sources, nature of, 15 

Tmidazoleacetaldehyde, 673 

Tmidazolylethyl alcohol, 673 

Tminodibutyric acid, 455 

Immune sera, 706, 757-759 

Tncandescent lamps, 152, 156 

Tndanthrene Yellow. 616, 633 

Indazole, substituted, 743 

Tndene, 431, 517 

Indicators, fluorescent, 665 

[ndigo, 616, 622, 633, 638 

Indigocarmine, 631, 637, 640, 642 

Indigocarmine blue, 634 

Indigosol, 632, 645, 647 

Indium oxide, 360 

Indole derivatives, 517, 671, 743, 887 

Indones, 453, 492, 493, cia 

Indophenol oxidase, 686 

Inductance, 91 

Induction coils, 40, 42, 76, 125, 136, 148, 149, 152 

Induction period, 205, 253, 255, 434, 441, 532, 540 

acrolein polymerization, 424 : 

alcohol-benzophenone reaction, 480 

carotene oxidation, 856 

chloroprene polymerization, 596 

cinnamic acid bromination, 486 

Eder reaction, 445 
fat oxidation, 840 
gum formation in gasoline, 655 

hydrogen-chlorine combination, 281, 285-286 

in plant photosynthesis, 871, 872, 877, ‘83h 

‘n stereoisomerizations, 485, 18 

lactic acid photolysis, 449 

oxidations, 449, 627 
ozone photolysis, 297 

phosgene formation, 311, 

succinic acid-methylene blue reaction, 447 

tartaric acid bromination, 541 

vitamin A photolysis, 855 

Tndulant ulcers, 769 
Induline, 634 
Infections, 775, 825 

Influenza bacillus, 669, 750 

virus, 712, 731 

Infrared radiations, 2, 6, 92, 115, 194, 381, 660 

absorption, 165, 220, 222, 22a O95 "250i 

effects of, 208, 209, 255, 256, 734 

filters, 178, 183 

in vitamin D production, 828, 832, 840 

Inhibition of reactions by light, 255 

Inhibitors, 214, 252, 253, 356, 357,..365 

benzaldehyde oxidation, 474 

chloroform chlorination, 533 

‘hemolysis, 862 
hydrogen-chlorine combination, 283, 285, 287, 

302 oO 
: 

hydrogen peroxide photolysis, 340, $341 

of polymerizations, 410 
Inks, 641, 644, 645, 648 
Inosine, 710 
TInsolameter, 636 
Insulin, 679, 727, 751, 752 

Inulin, 436 
Intensimeter, 100 . 
late of light and reactions, 205, 206, Zo; 

Intercombination lines, 29 

Interferometer, 4, 5 

Interhalogen compounds, 280 

Intermediates, in reaction kinetics, ai7 

Interrupters, 76, 77, 92, 154 

Intestinal mucosa, villikinin, 689 

Intestine, effects on, 760 
Intramolecular electrolysis, S71 

Intramolecular migration of energy, 247, 248 

Invar, 74 
Inverse square law, 692, 771 

Invertase, 247 
Todates, 343, 348, 617 
Iodide ion, 262-263, 337, 338, 342-344, 363, 439, 

681, 684 . 

Todination of paraffins, 533 

Todine, 187, 359, 371, 534, 550, 648, 680, 745 

absorption spectrum, 230, 235, 237, 274,279 

action of x-rays on, 209 
and butene, 536 
and catalase, 685 

and formaldehyde photolysis, 422 

atoms, 254, 536, 537 
absorption, 231 
and oxalate ion, 446 

excitation energy, 237-239, 272, 344, 373° 

recombination, 273, 446, 536 

decolorized solution, 658 
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Iodine, dissociation, 273 
distribution, 689, 718, 759, 760, 777 effects on photolyses, 399, 335, 536 excited molecules, 536, 537 uorescence, 231, 272, 273 formation, 342-343, 396-400, 439, 440, 520, 554, 629 
heat of dissociation, 237 
in discharge tubes, 141 
photochemical oxidations, 249, 446, 849 photoionization threshold, 269 photosensitizer, 484, 485, 491, 518, 522,536, 554, 574 
reaction with alcohols, 345, 538 
reaction with ferrocyanide, 363 
reaction with ferrous sulfate, 344, 345 reaction with formates, 252, 344, 345, 440 reaction with nitrites, 249, 344, 345, 351 reaction with oxalates, 254, 344, 345, 445-447 sorption on cotton, 615 

Iodine chloride, 280 
green, 634 
pentoxide, 399 

Todoacetic acid, 876 
Iodoaniline, isodiazotate solution, 646 Iodobenzene, 246, 474 
Iodoform, absorption spectrum, 395 

action of x-rays on, 209 
and cholesterol, 812 
oxidation, 253 
photolysis, 397, 400 

Iodopropionic acid, 439 
Iodopsin, 857 
Todopyridinecarboxylic acid, 520 
Iodostarin, 554 
Todovinylacetylene, 415 
Ionization, atoms, 26, 27, 31, 48, 230 potentials, 27, 372, 37 
Ion-molecules, 237 
Ionone, 855 
Iridium compounds, 360, 415 
Iris, 164, 763 
Tron, 171, 173, 359, 415 

arc, 46, 47, 49, 50, 693 
chlorination catalyst, 534 
compounds, and paper, 142, 619, 710 
corrosion, 661 
halides, in polymerizations, 411 
ions, 337, 678 
irradiated, 748 
plates, and aniline, 495 
salts, 360-362, 370, 403, 432, 448, 498, 727, 863 spark apparatus, 38, $9, 152, -154 
spectrum, 23, 26 

Iron acetate, 441 
carbide, in carbon arc. 58 
carbonyls, 514, 545, 749 
chlorides, 514, 545, 749 
citrate, 441 
mercaptide, 465 
mercaptotricarbonyl, 465 
naphthenate, 592 
oxalate, 441 
oxides, 167, 171, 173, 308, - 563, S89; 612 porphyrin compound, 685 
succinate, 441 
tannin compound, 651 
tartrate, 441 

Irradiated air, and rickets, 788, 789 cholesterol, 791, 826, 847 (see also Vitamin D) dried milk, 839 
ergosterol, 819, 

also Vitamin D) 
milk, 789, 841, 844 
skin, and rickets, 779 
yeast, 789, 837 

Irradiation, and resistance 
and rickets, 778, -779 
apparatus, with filters, 184, 185 
lamps, for photochemistry, 139 
of foodstuffs, 788-790, 827 
of gas, 70 
processes, spectrographic control, 833 with restricted wave-lengths, 828 

Isatin, 633 

> 

to infections, 773, 825 
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Tsoalloxazine derivatives, 852 Isoamyl chloride. chlorination, 527 Isoamylamine, 264, 864 
Isobutane, 421, 422, 526, 531, 5382 Isobutyl magnesium bromide, 464 Isobutylidenecholesterol, 817 Isobutyric acid, 540 
Isochlorophylline, sensitizer, 451 Isochromatic plates, 381 
socinnamic acid, 484 

Isocrotonic acid amide, 455 
Isocyanine dyes, 381 
Isodiazotates, 646 
Isoelectric point, 675, 676 
Isoergosterol, 796, 797 
Isoeugenol, 469, 514 
Isoheptane, 530, 531 
Isonaphthazarin, 502 
Isopentane, 526, 527 
Isophotosantonic acid, 516 
Isophthalic acid, dihydro, 481 
Isoprene, 413, 514, 593-595 : Isopropanol, 357, 402-404, 476, 477, 480, 538 Isopropenylmethyl ketone, 429 Isopropyl alcohol (see Isopropanol) Isopropyl bromide, 399 
cyclopentanone, 516 
iodide, 396, 398 

Isopulegol, 469 
Isopulegone, 469 
Isopurpuric acid, 498 
Isopyrocalciferol, 810-812 
Isoquinoline red, 264 
Tsostilbene, 511, 548 
Isotopes, 217, 227 
Isouracil, 703 
Isovaleraldehyde, 422 
Issoglio test, 560 
Itaconic acid, 454 

Dupes sterilization, 722 
Japan wax, light absorption, 586 
Jara-jara, 558 
Jars, Leyden, 149, 154 
Jellies, sterilization, 722 
Juglone, 680 
Jute, 613, 618 

Kxine a7? 
Kalicrein, 691 
<aolin Suspensions, 39] 
Kaposi’s disease, 861 

auri gum, 585 
varnish film, 587 

Keratin, 651, 678, 679 
Keratoses, 766 
Kerosene, 533, 653 
Ketene, 428, 430, 431, 440 
Keto acids, 393, 451, 562 
7-Ketocholesteryl acetate, provitamins from, 817 4-Keto-N-ethylphenazine, 

522 
Ketogluconic acid, 451 
Ketohydroxystearic acid, 574 
Ketoketenes, 430 
Ketone, 393, 464, 476-478, 500, 547 absorption spectra, 415, 416, 425 diethyl, 341, 421, 428 

diisoxazole, 517 
dimethyl, 341 
diphenyl, 595 
dipropyl, 429 
formation, 450, 657 
-furfural resins, 585 - 
isopropenylmethyl, 429 
methylbutyl, 421, 429 
methylethyl, 341, 421, 429 
methylisobutyl, and anisaldehyde, 494 
methylpropyl, 429 
nitrophenylethyl, 478 
phenylnaphthyl, 477 
propenylmethyl, 429 
photolysis, 421, 425-43] 
reactions with alcohols, 403, 404, 517 styryl, 489, 493, 494 

~ eee 
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aee fc, 74, 75, 80 
, Lest, oer for mercury a 

ine. 522 sols, Be -Keto-N-methylphenazine, hyde, 867 spark, 1 
aes, from imei Lead abietate, ae 616, 726 
Ketovalerie, parr sealant art 389 Ketoses, 432, 

ape me s, 577, 583 hake, B18, 820, 822 chromates, 391, 608, 615, 616 Rieselguhr, 867, 870 hydroxide, 30, 481, 630 4 d, 

ide, 
: oe eaten, 887 09 peroxide, 253, 341 ata extract fermentation, 7 phthalate, 481 

Oj1_, is 630 
te, 354 

OTe Cc acid, 
0, picrate, 5 Kraft sulfate, 618 126, 127, 735, 744, 769, 77 tetraethyl, 464, oa is, 464 Kromayer lamp, 57, , jeter nine photolysis, 464 

tetrap ? 5 Kreis test, 559, 560 Leather, 293, ots aa 366, 886 > anine, 
Leaves, plant; (ro “wed 934 

Kryptocy 
Lecithin, 669, oh eee 786, 787 813, 814 

161 
Leg weakness ei an in agent, 8 Labare nae. toxin, 691 Demon oot PecUcimMg) 26 Lachesis 591 oil, 764 Lacquers, | 410, Eee tests, 586, 587, 590 Lens, of eye, 164, Ae ” accelerated Ww bber, 611, 612 Lentil seeds, 716, 2-707 chlorinate® 2 562, 576, 580, 587 Lepidine, 508, >“ Teraviolet rays, 193, 247, 692-707, nitrocellulose. 34 See 836 Lethal action, of ultr avon kage ere of irradiation, > 742, 752, 793, ac 2 ’ 

Lactic aci 

acrylic ester, 

phenyl, 477, 478 

Lactic aldehyde, 

Lactoflavin, 563 

Lactose, 432, 

id, 436, 448-450, 540, 

polymer, 456 
540 

433, 435, 521, 711 

nitrobenzylidene acetal, 

Lakes, 590, 643 

Lambert’s law, 206 

aminated glass, 

Jenene 3 oy 

Lamps (see also 
antimony, 14 

bismuth, 148 

bulbular, 132 

cadmium, 
cathode-ray 

dental, 141 
fluorescent, 

411 
659 ‘ 
Mercury arc) 

~150 
He eavdment, 152, 

142, 152 
i 79 black light, 1 

ter exciting luminous paints, 

gaseous conduction, 

clow, 132, 1 

incandescent, 

lead, 148 

Mazda CX, 143 

mercury discharge, 

metal-vapor, 

Osram, 68, 

38-141 
152 

131-142 

deterioration, 1 

175, 539, 640 

Philips, sate 132, 139 

positive colu 

selenium, 148 

Sollux, 
sun, 1 

therapy, 97, 
tubular, 

580 
11, 129, 134, 

¢ellurium, 14 

tungsten, 156, we 

Uviol, ee 

glass, 16 
ion, 
lamp, 158 
poisoning, 
reduction 

a aoe. 597 
372-374, 385 

263, 631 
513 

72, 464, 661 
cids, 

825 : 
scale, pigment, 

132-134, 138, 139 

70074, 376-381 

Lettuce, irradiated, 830, 889 

an te 
Leucobases, 

Fee. 

tes, 746-748, ’ 

a NE blue, 263, 264, 

Levulinic acid, light absorption, 

lose, 432, 433 

en jars, nee 154, 292 

icanic acid, ° 
+e aaaaan's ae

s 484 

Liesegang rings, 391, 

of triphenylmethane dyes, 627, 628 

759 
630, 631 

451 

i 255 ‘uhibitor of reactions, ) 

capa oa apes photosynthesis, 873 
as limiting 
complex, addi 

af, 2° Ss 6 

pep ee 4, 435, es as 

156 
Light-fastness of dyes, 

Lighting, fluorescent, 142 

Light-stroke, 860 

pe eats pred 718 

oe : vine. AbG; 169, 17%, 172.4 
Lime blossoms, 657 

ae Balmer, 156, 163 
enhanced, 32, 33 

forbidden, 92 
. 

intensities and origins, 106 

tivity of effects, 442 

2 

79 

188, 205, 615, 618, 620, 645, 646 

intercombination, a
 15, 116, 188 

mercury, 65, 67, 

Linoleum, (573, 574, 727 

Linolic acid, 

Linolenic acid, 553, 554, 567, 

‘cal isolation, 189, 19 
Perasnos, 156, 137, Jal, 150, 151 

sed, 109, 110, 

ppt pre width of, 243 say 

141, 143-146, S61, 788) SRY spectral, mies Otae4 58, S64 
570 

13, 650 
Linseed oil, 557, 565, ae. Pe 871 

absorption spectrum, | 

and lithopone blackening, 386 

bleaching, 68, 573 

‘nation, 567-569 

areing, 367-570, 572, 574 

in ery 72 

irradiated, 

oxidation, 958, 559, 569 
products from, &7 fiz 

Lipase, aes 742, 

ipid phosphorus, 

ee 669, hee 727, 883, 
: fl 

Lett perbiade, in plant 

Liquids, ph Oh ages a 

Litharge, in Neier 

Lithion carmine, es 

Lithium bromide, 239, 

carbonate, 172 
583 

in cancer tissue, 766 

887 

photosynthesis, 876 

335-336 
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Lithium chloride, 390, 681 

95 Mercury, molecule, 
: 3 Maltase, 681 Mercury arc, commercial, 725 7° gg. 115, 119-124, pace 3s cholesterol, 812 fluoride, prisms, 7 Maltoflavin, 851 constricted, 64, 65, 68, 84, 87, ae phthalate, 481, | halides, 239 Maltose, 432-434, 436 129, 230 *00 107-114, 131, 143, 199, +9 purification, “methyl iodide, 399 pr iodide, te 372, 373 Mammary glands, irradiation, 754 Cooper eo” : tne. aed 8, 27, 29, 92, 117-124, 4 

nitrate, 479 Mandelic acid, 448-450, 481. 540 699), reason 329 
eee inks, testing, 641 Mateaniese! abietate, 558 f SER eon ae in, See Fe 287, 20 387, 258, 301, 304, 305, 466 

ithol red, barium salt, 643 and cotton, 617 distribu : 84, 106, , ? sen ; . Lithopones, 575, 590, 600, 743 and fatty acids, 554 effect of arc eA 682, 694, sulfides, 5 actinometer, 104, 105 ” and lithopone blackening, 385 effect on 8am aiation by, 615, 650, 681, 68> ooy be rc) Gat and vulcanization, 599 cations, absorption spectra, 337 7 effects oF eat, 734, 744, 745, 748, 7705 waponic acid, methyl, 456 blackening, 384-386, 580 chloride, 434, 456, 545, 870 696, 784. 737. 824 Mesaconic 647 fe 
in rubber, 610 complex cyanide, 363 179, 19% re Oty 77.84 Mesidine, oxidation, 468 light absorption, 582, 583 driers, 572 effect of piCemrature on, 86-89, 117 90 Me cide 429, 461, 494 715 
paints, accelerated tests, 577. 580 in carbon arc, 57 effect of temp teristics, 79, 81, 84- Mesity! Omit™> irradiated plants, 
photoconductivity, 385 | in glass, 168, 176 electrical a cia? Gy 7133.) 132 19, 122 Mesophyll, “pasal, 744-746, 825, 826 Liver, beef, antirachitic substance, 817 in plants, 889 electrodes, /”» deflection of, 18, 1), Metabolism, te, 751-753 
esteiecation 820 ‘ lines, temperature classification, 26 electromagnet’, = carbohydra ee 464 catalase, 685, 756 oxides, 165-167, 171, 176, 863 me cxplosion Meiaidehyde, 418 extracts, 630, 686 salts, 187, 353, 370, 409, 498, 727 ' ‘Fischer, 179 Metaldenyet> - tty acids, 554 glycogen, 753 sulfate, 364 for $000 es one, 68, 69, 292, 293 Metals, ee 83 
inorganic phosphorus, 818 Manganic hydroxide, 363 for Se emistty 68-73 131 and ergos ‘llowing, 592 : 
of irradiated animals, 789 Manila resin, 585 for Pee lectric Vapor Lamp Co., and lacquer Ye ckening, 384, 38 oil, absorption spectrum, 854 Mannitol, 383, 403, 472 General eth 178 and ee of trinitrotoluene, oxygen consumption, 825, 826 Mannose, 432, 472, 883 3 eri “gq 129 and stabi’ h rubber, 611 Locke’s glass, 174, 175 Margarine, 556 Hanovia, be 147 1. 84 bonding with 7 

Lovibond scale, 165, 642 Marine organisms, irradiation or, 717, 718 pe te 68, 72, 78, 80, 81, corrosion, 359 - 
Lubricating oil, 557, 652, 653 Mass, action and photochemistry, 206 rer ce, 68, 0 | deporaied, 563, 728 ion, 349" 
Lumichrome, 851, 852 reduced, 224 EES, a9” iiragiats)” . amouia, photoreaction, Lumiflavin, 851, 853 | spectograph, 227 Fl pate, 77, 87-90 in liquic hotosynthesis, 878 
Luminescence, 265, 375; 559 Mastitis, 777 

instability, 
in plants 472 3, 562 

analysis (see Fluorescence analysis) Material, selvedge-resistant, 621 . —. a. 104 469.1770, ‘797 oxides, in preservative wrappers; Lumisterol, 807-812, 816 ultraviolet-transmitting, 172-176 K.B.B., 57 1264127, 735, 744, : particles, hotosensitizers, Lupus, 742, yi Maxwell-Boltzmann law, 245 pe ab 161 i oa Pep ad tion, 386, 147-151 Daghies "Ft 39" Mea ee fa laboratory-built, 68.72 vapor, arcs, non-mereurys 9o"'93 Lymph "et Meadow-lane, transmission by, 188 leads, 74, 75; 80. 81, 86, 87, Metastable Se ie outta, mphocytosis, 746 Meal worm chrysalids, 744 low pressure, ¢ line intensities, 103 Metastases, 0 Estanha ld tissue, 759 Mean critical tone, of dyes, 635 measurement “a 79, 80, 83 Metasty°7 7 acid, 369 
ymphopenia, 746 Meat industry, ultraviolet radiation 11,1 fad i molybicen lighting circuit, 75 Meta Aa solet. 97-100 . , Lysin, 759 Mechanism, of photochemical processes, 205-216 operated iP te o4 Meter, Yee polymerization, aa 394 Lysine, liberation of ammonia, 672, 677 Media, bacteriologic, 694, 695, 698, 712, 716 f - pole ce ia, 7 79 205. 9% 87, Methacry “absorption spectrum, 3 293 Lysis, of irradiated cells, 704 ~ Medicinal products, sterilization, 725-728 ee ee 79 Methane, aa 395, 526-529, aoe 395 
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bleaching, 575, 576 
chlorinated rubber, 611 
drying tests, 574 
films, 572, 577-579 
for rubber, 610 
luminous, 583 
outdoor exposure tests, 578, 581 
reflecting properties, 583 
stable to ultraviolet rays, 183 
ultraviolet-reflecting, 583 

Palatinol, 589 
Palisade cells, in irradiated plants, 715 
Palladium, 159, 161 
Palm oil, 556, 610 

pitch, in ebonite, 608 
Palmitates, 586 
Pancreas, secretory activity, 760 
Pancreatic diastase, 681 
Pancreatin, 681, 682 
‘Papaveraldine, 520, 521 
Papaverine, 520, 521 
Paper, 561, 619, 625, 644 

bleaching, 617, 618, 644 
deterioration, 618-620 
dyed, 643, 644 
fluorescence tests, 620, 644, 663 
light-sensitive, 363, 384 
pH, 644 
photographic, 363, 383, 384, 647, 648 
pulp, yellowing, 618 
rolls, removing electric charges from, 662 
testing, 641 
ultraviolet penetration, 619 
ultraviolet reflection, 618, 619 
water resistance, 620 
yellowing, 562 

Papillomas, 766 
Paracetaldehyde, 422 

Pasteurella infection, 776 
‘Patent leather, 293, 572, 650 
Pauli exclusion principle, 25 
Pauly test, wool, 623 
Peaches, composition, 891 
Peanut oil, 559, 743, 790, 795, 828 
Pears, composition, 891 
Peas, 886, 889 
Pelargonic acid, 559 
Pelargonium leaves, 715, 872, 873 
Pellagra-preventing factor, photolysis, 850 
Pentachlorobenzene, 543 
Pentachlorocyclohexane carboxylic acid, 547 
Pentachloroethane, 401, 535 
(Pentacyanoaquoferrate, 362, 363 
Pentacyanoaquoferrite, 362 
Pentadiene, tetraphenyl, 411 
Pentahydroxyamylbenzimidazole, 851 
Pentane, 394, 526, 527, 529, 531 
Pentathionic acid, 354, 390 
Pentene, isomerization, 413 
Pentosans, 883 
Pentoses, 435 
Pentyl chloride, 531 
Pentylene, 394 
Peppermint oil, 513 
Pepsin, 247, 680, 683, 890 
‘Peptides, 676, 677 
Peptones, 411, 674 
Peracetic acid, 422, 484 
Peracid, furo, 517 
Peracids, 422, 880 
Peraldehyde, 880 
Perbenzoic acid, 473 
Perborates, 410, 657 
Percarbonates, 410, 657 
Perchlorates, 298, 307, 341, 346, 348, 349, 455 

Perchloroethylene, 657 
Performic acid, 440 
Perfructose, 433 
‘Perichecia, of fungi, 890 
Perilla oil, 567, 571, 573, 574 
Periodates, 348 
Periodic reactions, 256 
Permanent Red 4B, lake, 643 
Permeability, of erythrocytes, 750, 752 

of membranes and irradiation, 669 
Peroxidase, 685, 686, 742, 889 
Peroxides, 433, 440, 473, 481, 561 

and oleic acid, 553 
and polymerizations, 584 
and vitamin D, 804 
ag 403, 422, 467, 468, 653, 654, 656, 

2 
in alcohol irradiation, 402, 404 
in ether, 405 
in irradiated oils, 727, 728 
in photodynamic action, 863 
in plant photosynthesis, 876, 881 
in rubber oxidation, 604 
mono and di-alkyl, 339 
of dyes, 633 
of fats and oils, 558-560, 572 
of lirioleic acid, 5335 
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Phenols, and nitrocellulose, 463 

and rubber oxidation, 603 

as fluorescence quenchers, 262 

chloronitroso, 479 
dinitro, 499 
fluorescence, 600 
galactoside, 680 
glucoside, 680 
homologs, esters, 547 

inhibitors, 340, 410, 445, 474 

oxidation, 863 
mannoside, 
nitro, 499 
resins, 410, 584, 585, 592, 611 

vinyl derivatives, 41 

Phenolase, 742 
™ 

Phenol phthalein, 259, 629 

Phenosafranine, 260, 264, 498, 631 

Phenoxybenzoylacrylic acid, 491 

Phenylacetaldehyde, 424, 473 

Phenylacetic acid, 477, 478 

Phenylacetylene, a alaaiae 5338 

Phenylacridine, 

Phenylalanine, 670, 671, 696, 739 

Phenylanthracene, 508, 509 

Phenylazobenzene, 

Phenyl benzoate, 480 

4-Phenylbenzohydrol, 477 

4-Phenylbenzophenone, 

Phenyl bromide, 544 

2-Phenyl-1,3-butadiene sulfone, 413 

9-Phenyl-10-carboxyanthracen
e, 508 

Phenyl chloride, 543 mt. 

Phenylcinnamic acid, bromination, 487 

Phenylcinnamonitrile, 485, 488, 743 

Phenylcinnamylideneacetonitr
ile, 484 

Phenyldiazonium chlorides, 500 

Phenyldibenzoxanthrenium 
dyes, 647 

Phenylenediamine, 260, 495, 498, 575, 646 

Phenylethyl chloride, 546 

Phenylethylene, 488 

Phenylethylindane, 811 

Phenylfluorenes, 512 

Phenylfuorenylcarbinols, 
512 

Phenvl fluoride, 544 

Phenylglyoxal osazone, 450 

Phenylglyoxime» 461 ae ane 

Phenylheptatrienic acid, 

Phencihvdrazine,. 183, 450, 478, 498, 575, 614, 

625, 626, 630 

Phenylhydroxylamine, 470, 496 

Phenylhydroxystyryl ketones, 493 

Phenylindole, 743 

9-Phenyl-10-iodoanthracene,
 508 

Phenyl iodide, 644 

Phenvylmethyl earbinol, 403 

Phenyllactic acid, 540 

3-Phenyl-2-methylindone, 
492 

Phenylmethyl ketone, 595 

9.Phenyl-6-methyiquinoline,
 521 

Phenylmorpholines, 612 

Phenyl-a-naphthylamine, 604 

Phenyl-a-naphthy! ketone, 477 

Phosphatides, 670, 791 

Phosphine, 332, 333, 359 
Phosphite, 370 
Phosphorescence, 262, 264, 265, 375, 385, 665 

Phosphoric acid, 369, 669, 710, 753 

Phosphorus, 64, 141, 358, 596, 778 
| 

absorption, 745 
| 

and _ rickets, ype 783-786, 818, 820, 830 | 

chlorides, 64, 
| 

conversion of yellow to red, 359, 596, 598 | 

in blood, 774, 778, 783-785, 788, 822 

in plants, 888, 889 
nitride, 218, 219 
pentoxide, 168, 179 
red, 332, 540 

Photoanisotropy, 266, 283 

induced, 

Photocellulose, 614 

Photochemical processes, theories of mechanism, 

205-216 
Photochemistry, early work, 205 

Photocolorimeter, 636 

Photoconductivity, . oo. 
5 80 

hotodichroism, * 

see biel ork actions, 260, 261, 860, 861, 865 

Photoelectric cells, 97, 99, 100, 107, 271, 772 

effect, 17, 214, 269, 375, 505, 732, 733, 877 

Photoelectrons, liberated by x-rays, 209 

Photoequivalence law, 207, 210-213 

Photofluorescein, 864, 865 

Photographic desensitizers, 863 

pitts; 0. 09. ort 
N 

lates, 180, ; 
aN 

processes, non-silver, 365, 384, 481, 485 . 

Photography, chromated gelatin, 365 } — } 

Photoionization, 269 
v 

Photoisopyrocalciferol, 810 
| 

Photometers, 105, 107, 161, 270 a 

pais i a ae 
otonitrification, 

Pee tae of hydrocarbons, 508-510 

Photoprocesses, in crystals, 372-376 

in liquid and gas phases compared, 335, 336 

Photopyridine, 433, 519, 520, 646 

Photopyrocalciferol, 810 

Photosphere, 191 
Photronic cells, a bd 

hotosantonic acid, 

et oredr anGre. 257-269, 336, 380, 381, 510, 

741, 745, 860, 862-864. , 
Photosensitizers, 257, 862 

Photostationary states, 274, 504 

Photosynthesis of carbohydrates, 873-882 

Photosynthetic panite, 881 

Phototropy, 

Phototropys 268, 481, 489, 493-495, 516, 521 

Photovoltaic effects, 269, 464 

Phthalanil, 592 
Phthaldehydic acid, 548 

Phthalein dyes, 629 

Phthalic acid, 469, 481, 507, 617 

Phthalic anhydride, 617 

Phthalic esters of hydroquinone ethers, 591 

Phthalide, 548 
Phthalimide, 550, 592 

Phthiocol, 502 
Phycoerythrin, 881 

Phylloporphyrin, 861 

Phylloerythrin, aoa 

Phytin, and fermentation, 710 

Phytoplankton, 790 

Phytosterol, 791, 872 

Picea excelsa, 873 
Picein, 162, 436 
Pickering lines, 33 

Picoline, 518 
Picolinic acy is 520 

Picramic acid, 

Picric acid, 101, 354, 472, 498, 499, 598 

Phenyl-B-phenylstyryl “ketone, semicarbazone, 494 

B-Phenyl-f’-phenyltruxone, 517 

Phenylpropiolic acid, 541 

Euecripyracdinse, 

Phenylquinoline, 74. ; 

Pi sarlauinolitic carboxylic acids, 521 

Phenyl radical, 472 

Phenylsemicarbazone, 495 

2-Phenyl-5-styryi-6-nitroisat
ogen, 471 

Phenylurethane, 875, 877 

Phenylvinylacetic acid, 413 

Pheophorbide-b, fluorescence, 879 

Pheophytin, 764 
Phloroglucinol, 479, 630, 648 

Phloxin, 264 
Phosgene, 227, Sil 

Paraldehyde, 418, 613 
Paracyanogen, 456 
Paraffin oil, 508 
Paraffins, 531, 533, 607, 610, 651-653, 661 

Paraformaldehyde, 460 Perseulose, 432 

Para hydrogen, 226, 274, 290, 317, 397, 402, 420, Persulfate ion, 355 

439, 811 Perylene, 512, 595 

Paramagnetic ions, and fluorescence quenching, “Peter ‘Pan’ gingham, 642 
Petrolatum, 652, 727 
Petroleum products, 530, 531, 651-657 

Phenanthrene, 504, 508, 511, 550, 591 

Phenanthrenequinone, 482, 603 | 

Phenazines, 497, 498, 522 
Phenetidine, 497 
Phenols, 356, 390, 469, 479, 499, 500, 562, 5735 » 

of porphyrin, 680 
of rubrene derivatives, 509-511 
organic, 383, 407, 411 

Per salts, 411 

Paramecia, lethal action on, 523, 696, 700, 701, 

703, 716,-717,.752, 860, $65 
Paraguinone, and rubber oxidation, 603 
Parathyroids, 755, 790, 819 
Parathyroidectomy, 749, 755 
Paratoluidine, reaction with crotonic acid, 456 

Para toners, 590 
631, 648, 657, 833 

4 5 Pigmentation of fruits, 890, 891 | 

eek ee acyl derivatives, G4), 040 decompositions a. 346 304, 400, 448, 460, of human, skin, 734, 739, 740, 770, 773 

Eee 561, ce 
amino, aie 496, 497 

639-535 : ; : Pigments, 575, 581-583, 589, 590, 608, 609 

articles, in atmosphere, 194 and aldehydes, 584 
18. 319, 822 fading, etn 

Ene ee oe ee and chlorophyll bleaching, 871 Phosphatase, 685,, 794) 73472 176 formation in bacteria, .888 

Paschen series, 20, 22, 163 and insulin, 679 
osp glass, , : , 

Phosphates, 681, 784, 785, 818, 828 fluorescence analysis, 575 

A 

sand 
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Pigments, on mustard, 886 
Pigs, 746, 786 
Pilchard oil, 574 
Pilocarpine, 522 
Pimpinellin, 515 
Pinachrome, 632 
Pinacolone, 538, 539 
Pinacols, 477, 514, 517, 816 
Pinacone, 404 
Pinacryptol, 264, 265, 498, 863 
Pinacyanol, 334, 381, 465 
Pinaverdol, 632, 871 
Pine bark extract, 167, 563 

oil, 610, 657, 659 
pitch, 610 

Pinenes, 210, 473, 514, 515 
Pinus strobus, 873 
Piperidine derivatives, 425, 466, 525, 598 Piperitone, 515 
von Pirquet test, 775 
Pisum, seedlings, 888 
Pitch, 662 
Pittsburgh, solar radiation at, 201 Pituitary, oxytocic hormone, 689 Pityriasis rosea, 769 
Placental hormones, 689 
Planck’s constant, 8, 10, 18, 207 
Plants, ash, 889 

coumarin formation, 487 
development, 58, 150, 205, 886-888 
diseases, 890 
lethal action on, 715, 886 
oils, activated, 815 
respiration, 889 

Plasteins, 674 
_ Plaster of Paris, 768 
Plastics, 410, 411 
Plasticizers, 173, 409, 589, 590, 612, 650 Platinic acid, 248, 369, 370 
Platinum, 74, 131, 253, 339, 364, 369, 415 catalyst, 341, 439, 454 

sol, 386, 388, 390 
‘‘Plexiglas,”? 172 
Plums, composition, 891 
Pneumococcus, 776, 824 
Folatized light, 266-268, 348, 353, 368, 383, 698, 
Pole-caps, for therapy lamp, 133; 134 Pole-vessels, mercury arc, 79 
**Pollopas,” 165 
Polyatomic molecules, 223, 224, 236, 240, 241. 244 Polycarboxylic acids, 481 
Polychlorohydrocarbons, 531 Polychromatic light, photoreactions by, 254° 255 Polyglycolide, 451 
Polymerization, 406, 408-411, 557, 564-567 Polymers, benzaldehyde, Sit 

bivinyl, 411 
from isopropenylmethy] ketone, 429 of acrylic esters, 584 
vinyl esters, 410 

Polyneuritis, 851 
Polyphenols, antioxidants, 610 Polysaccharides, 869 
Polystyrenes, 488 
Polyvinyl chloride, 411 
Ponceau R G, 636, 637, 640, 642 
Pongee, 188 
Poppyseed oil, Ost y bios S78 
ork production, and sunlight, 785 tere 261, 263, 553, 685, 687, 751, 767, 860, 

Porphyrinuria, 861 . Porphyropsin, 859 
Positive branch, 223 
Potash, 166, 171 
Potassium acetate, 183 

acid phthalate, 185 
alum, 612 
amalgam, 360 
amide, 349, 350 
and muscle, 760 
anthraquinone sulfonates, 506 
antimony] tartrate, 450 
arsenic tartrate, 450 

Potassium bichromate, 620 
bismuth tartrate, 450 
bisulfate, 357 
borotartrate, 450 
bromide, 383, 433, 434, 450, 538, 540, 681 
carbonate, 176, 869 
chlorate, 348, 495 
chloride, 141, 183, 383, 434, 681, 704 chromate, 179, 187, 364, 522 
cobalticyanide, 363 
cobaltioxalate, 441, 442 
copper tartrate, 450 
cuprioxalate, 442 
cyanide, 265, 363, 439, 480, 627, 629, 812, 863 dichromate, 187, 336, 344, 364, 365, 404, 439, 

469, 612, 629, 646 
ferricyanide, 363, 495, 646 
ferrioxalate, 442, 443 
ferrocyanide, 362, 363, 405, 631 
fluoride, 141, 440 
formate, 344, 345 
hydrogen phthalate, 187 
hydrogen phosphate, 684 
hydroxide, 185, 358, 362, 508 
iodate, 345 
iodide, 187, 433, 434, 446, 541, 629, 680, 685 and metabolism, 745, 759 

crystals, 372, 373 
oxidation, 251, 260, 343, 344, 348, 371, 384 photolysis, 104, 247, 342, 343, 370 

in blood, 754 
ion, 682, 761 
iron tartrate, 450 
manganioxalate, 267, 442 
mercuric oxalate, 444 
nitrate, 102, 104, 176, 498, 681, 800, 883 photolysis, 348, 352,353 
nitrite, 255, 351, 352, 882 
of skin, 742 
oleate, 553 
oxide, 168 
oxalate, 254, 344, 345, 442, 445-447 
palmitate, 553 
permanganate, 252, 364, 371, 452, 614 
persulfate, 209, 251, 357, 858, 371 
sulfate, 358, 390 
Stearate, 553 
tellurate, 384 
thiocyanate, 358, 675 

Potato chips, rancidity, 561 
tubers, solanine content, 890 | Potential energy curves, 163, 229, 232-236, 239, 241, 242, 374, 375, 453 

Potentials, ionization, 27 
oxidation-reduction, 433 
resonance, 27 
Sparking, 40 

Poultry (see Chicks) 
Powders, gun, 462 
Precipitins, 759 
Predissociation, 214, 235, 241-244, 263 
Preen glands, 787 
‘Preserves, sterilization, 722 
Primary process, photochemical, 207, 211-214, 216, 227, 229-245, 336 
Principal series, 23, 24 
Prints, 479, 622 
Prism, 4, 6, 190 
Probes, 31, 48 
Prolan, 689 
Proline, 676, 703 
Propanes, 258, 394, 396, 429, 526, 531, 532;.546, 

590; 612 
chlorinated, 532, 534 

Propanol, 404, 538 
Propene, 429 
Propenylmethyl ketone, 429 
Propionaldehyde, 244, 397, 404, 416, 421, 425 

hexahydrophenyl, 424, 473 
Propionanilide, 438 
Propionic acid, 404, 437, 438, 441, 540 
Propiolic acid, phenyl, 541 
Propiophenone sulfonic acid, 413 
Propyl alcohol (see Propanol) 

bromide, isomerization, 399 

< 

Dan 
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Propyl ethylene, 429 | 
aeuinde, and gasoline, 654 
iodide, photolysis, 396, 398 
radical, 429 

Pree. 396, 407, 422, 534 
Provitamin D, 792 
Prussian blue, 341, 362-364, 390 
Protective glasses, 164-167 

wrappers for foods, 560-563 
**Protectoid,”’ mole an 
Proteinases, A 
Peotcine: 181, 411,.-674-680, .696, 701, 705, 716, 

717, 739, 740, 873 
blood, 756, 863 
denaturation, 365, 675, 676 
disintegrated, 753, 773 
fluorescence, 735 
in antibodies, 758, 759 
irradiated and gold sols, 669 
light absorption, 670 \. 
metabolism, 745 
of lens, 763 
of lymph, 751 
of retina, ee ee 
oxidation, ; 
photosynthesis, 882, 883, 887 
protective action on pepsin, 684 

- reaction in surfaces, 265 
shock, 734, 773 

Proteose, 677 
Prothrombin, 684 
y otpebloneany 888 
Protoplasm, 
Ph ohgnai, lethal action on, 247,.701, 716,717 
Pseudobutylene, 407, 408 
Pseudocumene, 469, 550 
Pseudocumidine, 647 
Pseudoglobulin, 677 
Pseudonitric acid, 352 
Psoriasis, 769 _ 
Pteris longifolia, im 

nt ores, 
Pultroh aep photometer, 581, 636 
Pulmonaria leaves, 715 
Pulp, wood, 618, 645 
Pump, eee 
Punicic acid. 
tape 698, 700, 701, 703, 746, 850, 851, 863 
Purple bacteria, photosynthesis by, 881 
Pustular <a 769 
Pyocyanine, 52 
Borat derivative, 268 
Pyrazole, formation, 460 

Yellow, 632 
Pyrazolines, 1-phenyl, 478 
Pyrazolone dyes, 640 
Pyrene compounds, 183, 562 
Pyrethrum, ee me 659 
Pyrex, 729975, : 
Pyridine and derivatives, 356, 407, 433, 518-521, 

613, 687, 703 
Pyridinium bromide, hexadecyl, 644 
Pyridinium 1-nitronaphthalene-8-sulfonate, 502 
Pyridones, ween 261 
Pyridoxine, 
Syainidines: 698-703, 850, 851 
pet ae a 
Pyrocatechol, ; 
Pyroualiol, 260, 410, 475, 631, 688 
Pyroxylin, 562, 591 
Pyrrole, Ses igh ele wean ae 
Pyrrolidines, formation, 
Peruse acid, 421, 449, 451,518, 630, 702 
Pyruvic dehydrogenase, 687 

anch, 225, 225 ; 
Q) branch, carbohydrate photosynthesis, 866 
~ required to kill a bacterium, 705, 706 

values at various wave-lengths, 207 
, of action, 8 

sapere 25 026. eae ts 374, 375, 453 
21-25, 220-223, 

ie 11, 17,18, 21, 22,°206; 0218-226 

tum yield, 102, 104, 105, 210-213, 247, 248, 
oe "381. 252, 336, 373 ; 

fumaric-maleic interconversions, 453, 454 
hydrogen-chlorine sec peel ae 289-291 

gen iodide photolysis, 
i ich nn wey 874-876, 879-881 
in lethal irradiations, 705 
milk gee ee 

hotolysis, : 
Oe 4, 151, 165, 169, 172-175 
“Quartzlite,”? 170, 173-175, 181, 185 
Quebracho extract, 563 
Quercitin, 621 
Quinaldine, 522, 592 cane ne 
Quinic acid, poe derivatives, 523 

inidi lfate, 
Suara cue. 210, 340, 523-525, 658, 664 

pasion far) a ae 

celine 183, 252, 347, 356, 500, 523, 562, 640, 
: 687 ©) 

Ouininic acid, 521 
Quinol, 469, 726 
Quinoline derivatives, 521, 743 

640 
Helos 101, 474, 479-481, 507, 596, 622, 679, 
J 871 
uinotoxin, 523 
eee 851 
Quinoneoximes, 471 

ranch, 223, 225 : 
R bran oxygen consumption, 744 

izati 512 ; 
ye tae eaniawcona for absorption measurements, 

152-163 : 
emission mechanism, 11, 15-29 
Se heelng, 100, 101 
infrared, 2, 
lethal, 100, 101, 143, 193 
measurement of, 96, 97, 100 
mitogenetic, 101, 150, 767, 768 
necrobiotic, 768 
processes, ae 191, 192 

onance, 19 ; 
fer ultraviolet in, 1, 2, 142, 191 re 
synergy of wave-lengths, 442, 443, 
tan-producing, 57 iy 
theory of reactions, 209, 2 
ultraviolet, nature of, 2, 6, 7 
visible, nature of, 2, 3, 4, 6 

Radiationless See ory rea 

ical b) f ee, ’ ’ 
Poa ee. emanations, and petroleum products, 

6 
i It, 832 ie haee 

STR ere spectral sensitivity, 714 
thresholds, a 
virulence, 

Radium, 467, 683, 686, 733 
Raffinose, 435, 890 
Rag papers, 620, 644 
Raman effect, filters for, 188 

source for, 137, 138, 149 
spectra, 213, 222, 224, 593, 665 
of gasolines, 665 
of rubber, “oo 

ipiens, 
Ree 558, pal por 562, 563 
Rapid Filter Yellow, 
Rare earths, 19, 166, 261, 369, 370 3 tinue 
Rates, photochemical reaction, 207, 245, ; 

53 
Rayons, 188, 613, 619-621 
Rays (see Radiations) : 
Reactance, in starting mercury arc, 7 

Reactions, chain, 213-215 
overall photochemical, 245-256 

Realgar, 359 
iprocity law, 101, 271 

Peeuptee dae of atoms, 231, 253, 279, es 335 
Rectifier, for starting ‘are CO ares-9 

d algae, photosynthesis, 
RG ‘bieod Fells (see Erythrocytes). 
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Red lead, 577, 583 
Red oil, 557 
educed mass, 236 

Reduction potentials, of dyes, 531 Reflectance, of skin, 738 Reflectors, 771, 844 
Refraction, 4 
egenerated cellulose, 184, 619 eichert-Meissl number, 837 Reindel’s isoergosterol, 796, 797 Rennet, 247, 684 

Rennin, 658 
Rentschler meter, 201, 202 
Resins, 410, 411, 584, 585, 589, 592, 610, 619, 55, 663 655, 
Resinate, 585, 612 
Resonance, 262, 263 

lines, 37, 92, 117-119; 121, 124, 127, 136, 127, $41; 150, 151, 190, 257 potentials, 8, 26, 27 
Resorcinol, 469, 630, 688 
esorcinolazobenzene, 562 Respiration, 687, 863, 867, 874, 877, 889 of plants, 889 

Respiratory center, 753 
enzymes, 687, 688, 891 
quotient, 746 

Reticulocytes, 748, 749 
Retina, 164, 687, 733, 762, 857, 858 Retinene, 858 
eversed lines, underwater spark, 152 eversing layer, sun 

Revertex, 
Rhamnose, 432, 472 
Rhinitis, 776 
ena be 142, 188, 260, 383, 451, 585, 620, 634, 
Rhodium, 74 
Rhodovibrio, 707 

ibbons, sterilization, 727 
Rice, 5 
Ricin, 690 
Ricinoleic acid, 554 

icinus communis seeds, 683 Rickets, eas 733, 738, 778, 779, 781-785, 
Ringer’s solution, irradiated, 761 oad tar, accelerated weathering test, 661 Rochelle salt, reaction with } 2 Rock salt, 372, 373 slat “or ods, of retina, 857 
Root storage, 887 
Rose Bengal, 264, 634, 863 Rosin, 557, 585, 586, 610, 619, 620, 644 Rosindulin, leucobase, 678 osindulines, formation, 517 Rotational energy levels, 218, 220, 222, 229 Rotenone, 659 
ubber, accelerated weathering tests, 562 605-609 bonding, 611 

‘ cements, gelatin, 597 
chlorinated, 611, 612 composition soles, 608 curing, 598 
uorescence, 601 

oxidation, 601-605 
plants, 890 
polymerization, 429, 593-597, 601, 602 preservation, 609, 610 
aman spectrum, 593 

reclaimed, 607 
sols, 593-595 
Stretched, X-ray diagram, 593 substitutes, 411, 558, Ifa, 612 surface films, 599 
Synthetic, 593 

Rubberseed oil, 574 
ubene, tetraphenyl, 509 

Rubidium, 238 
Rubidium iodide, 238 
Rubrene derivatives, 509-511, 603, 864 Ruhmkorff coil, 76 
Russell effect, 383, 556, 790 Ruthenium hydroxide, 370 pentacarbonyl, 370 

3 

Rydberg constant, 32 
formula, 20, 22, 23 

Rye, germinating, 885 

Saracens (see Yeast) 
Safe-T-Aire equipment, 729 
Safety glass, 411, 588, 591 
Safranine, 260, 585, 630, 634, 639 St. John’s wort, 861 ° 
Salicin, 436 | 
Salicylaldehyde, 423, 476, 481 
Salicylates, ultraviolet sensitizer for plates, 381, 3 
Salicylic acid, 478, 481, 548, 725, 741 Salivary diastase, 681, 682 
Salkowsky reaction, 623 
Salmo lacustris, embryos, 765 
Sal, typhimurium, 706 
Salol, 562 
Salvia plants, minerals in, 889 
Savialitx,” 173 
Sanocrysin, 744 
Santonin, 516 
Saponin, 382, 436, 824 
Sarcoma, 766, 828 
Sassafras oil, 513 
Sawdust, irradiated, 788 
Scandium lines, 26 
Scarlet HR, 647 
Scatole, 517 
Schenectady, solar energy at, 197, 198 Schiller cathodes, 151 
Schiitz law, 681 
Schumann plates, 7, 331 

region, 7, 8, 208, 231, 241, 293, 300 -Runge bands, 293-295 
Schwarzschild law, 271 
Scleroderma, 742 
Sclerotium batacicola, 711 
Scrofuloderma, 769 
Scurvy, 849 
Sea urchin eggs, 764 
Secondary photochemical processes, 211, 212, 214, 216, 245, 248, 250, 253, 254, 335 Secretin, 689 
Sector, rotating, 254, 270, 446, 447, 486, 875 Sedimentation, red blood cells, 756 Seedlings, 715, 885, 886 
Seeds, 887, 890 
Selection | principles, 24, 25, 220, 222, 225, 226, A 
Selective irradiation, 726, 828 
Selenides, 142 
Selenious acid, 384, 514 
Selenium, 148, 269, 358, 384 

chlorides, 545 
oxides, 360, 431 
red, 598, 599 

Selenomercaptan, and gum formation in gasolines, 656 
Self-extinction, 262 
Self-inductance coil, 41, 42 
Self-reversal, 65 

of mercury lines, 65, 109, 110 
Semiacetals, 437 
Semicarbazones, 490, 491, 494, 495 
Semi-ebonites, fluorescence, 601 
Semiquinones, 263 
Sensitivity, photographic, theories, 378, 379 Sensitization (see Photosensitization) 
Separation of lines by refraction, 189, 190 
Sericin, 622 
Series, spectral, 23, 24, 163 
Serine, 672 
Serum albumin, 674-678, 862 

amylase, 6 
and pancreatin, 682 
antitryptic activity, 757 
calcium, 754, 784 (see also Calcium, in blood) 
cholesterol, 755, 825 
globulin, 675-677, 706 
index of refraction, 756 
inorganic phosphorus, 710, 754 
irradiated, 674, 675, 677, 706, 751, 753, 756, 

758, 863 

Pe 

Serum albumin, “kalicrein,” 691 
opsonins, 757 
protective action on venom, 691 
reducing power, 710 
surface tension, 756 
vasoconstricting power, 746, 747 

Sesame oil, 559 
Shale oil, 865 
Shark-liver oil, 855 
Sharp series, 23, 24 ; 
Shaving creams, sterilization, 727 
Sheep, 861 
Shellac, white, 382 
Shock, 733 
Siak-illipe nut, sterols, 792 
Silane, 333 
Silent discharge, 292, 310 
Silica, 165, 166, 168-172, 179, 189, 583 

gel, 264, 391, 392 
Silicates, in carbon arc, 58 
Silicon carbide, 51 

oxychloride, 288, 289 
tetrachloride, 64 
tetrafluoride, 51 

Silk, 188, 613, 620-622, 642, 674 
artificial, 188, 613, 616, 620, 621 
dye-fading, 502, 622, 637, 639 

Silkworm eggs, catalase, 685 
Siloxene, 333 
Silver, 97, 150, 231, 378, 380, 398, 415, 463 

acetate, 4338 : ; 
acetylide-gelatin emulsion, 384 
azide-gelatin emulsion, 384 
bromide, 240, 373, 376-378, 380, 381, 599 
chloride, 6, 240, 349, 376, 377, 383 
chromate-gelatin gels, 391 
filters, 150, 178, 762 
halides, 237, 240, 376-380, 383 
iodide, 239, 240, 376, 378 
nitrate, 260, 364, 439, 726 

and ee eA 
elatin gels, 

peEDaeat an of silver sols, 387 
reaction with zinc oxide, 371 
reduction, 159, 383, 384 

nih 371,410, 508 oxides, : ; 
salts, 205, 359, 371, 384, 645 
sols, 386-390 
sulfide, 379 
thioarsenite, 389 

Sinapis alba, nitrogen content, 884 
Sipalin, 576, 650 
Sitosterols, 792 ~ 

7-dehydro, 811, 816, 817 
Sizes, for cloth or paper, 411 
Skin, 669, 678, 684, 713, 733-744 
absorption of vitamin D, 847 

active oxygen in, 727 
and parathyroids, 735 | 
and typhoid immunization, 757 
cholesterol, 766, 791 
cream, irradiated, 847 
fluorescence, 651 
glutathione, 751 
grafting, 770 
infections, 774, 775 
lipase, 756 
proteinase, 756 
provitamin, 795, 814, 816 
respiration, 826 
senile, 769 
substance affecting castrated mice, 756 
sugar, 75] 
tumors, and irradiation, 511, 742, 766, 865 
vitamin C content, 849 
wounds, cor, 

Sky Blue, 6: 
Bis ohtie: 198-202, 782, 828 
Smoke, in air, 196, 201, 202 
Smokeless powders, 462 . 
Snail lipins, 792 
Snake venom, 691 
Soaps, 555, 556, 563, 582, 648, 741, 847 
Sockets, after tooth extraction, 769 

SUSSECT INDEX 

Soda, 171 
Sodium, 27, 131, 141, 231, 238, 257, 360, 373, 

674 
acetate, 183, 434, 437 
alcoholate, 6 
alizarine sulfonate, 646 
amide, 349, 350 
anthraquinone sulfonates, 449, 506, 682 
azide, 354, 363, 481 
benzoate, 185 
3-benzoyl-aminopyrenedisulfonate, 562 
bicarbonate, 354, 450 
bromide, 567 
carbonate, 450 
chlorate, 347, 646 
chloride, 183, 373, 375, 433, 675, 681, 704, 763 
chlorite, 347 
2-chloroanthraquinone-6-sulfonate, 506 
chlorocinnamate, 483 , 
N-chloro-p-toluenesulfonamide, 265 

r cinnamate, 187 
* cholate, 670 

chromate, 364 
cyanide, 354, 749, 750 
dichloroanthracenedisulfonate, 682 
dichromate, 407, 408, 502, 616 
fluorescein, 864 
fluoride, 172, 681 
formate, reaction with iodine, 252, 440 
fumarate, 452 
glycocholate, 670 
glycol, 411 
hydrosulfite, 358, 463, 507 
hydroxide, 187, 450, 508 
hypochlorite, 346, 347, 589 
hypophosphite, 370 
hyposulfite, 616 
iodide, 231, 237, 238, 342, 344, 372, 373 
ketyl radical, 477 
lactate, 449 
maleate, 452 
molybdate, 369, 383, 619 
naphthionate, 503, 631. 
nitrate, 440, 498, 646, 681, 883 
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nitrite, 249, 344, 345, 351, 371, 377, 439 
nitroferrocyanide, 363 
nitroprusside, 341, 363, 364 
nucleate, 703 
peroxide, 573 
6-phenyl-2-aminopseudoaziminobenzenedisul- 

fonate, 648 
phenylbenzimidazolesulfonate, 743 
phenyldiazosulfonate, 645 
7-phenylheptatrienic acid, 492 
phosphates, 172, 370, 640 
pyrenetetrasulfonate, 562 
oleate, 391, 555 
oxide, 168, 179 
resinate, 619 
salicylate, 481 
selenite, 817 
silicate, 763 
stannate, 619 
sulfate, 340, 341, 691 
sulfide, 495 
sulfite, 356, 357, 410, 450, 863 
tartrate, 450 
thiocyanate, 358 
thiosulfate, 358, 598 
toluenesulfonchloroamide, 498 
triiodomethanesulfonate, 400 
tungstate, 383, 387 

“Soft-lite,” 166 
Soil, 350, 351, 391 
Solanine, formation in potatoes, 890 
Solar constant, 1, 

energy distribution, 7, 142, 191, 
oi, 531,-653 

Solarium arcs, 62, 63 
Solarization, 173-176 
Solio paper, 640 
Sollux lamp, 580 
Sol-rubber, 593, 594 
Solvates, 437 
Solvation, 249, 335-337 

192, 195-202 
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Sorbitol, 433, 472 
Sorbose, 432, 867 
Sound records, 662 
iE Oa for absorption studies, 152- 

dual purpose, 142-147 
illuminating, 15 
of aerate survey, 30-37 
standardization by oxalic acid photolysis, 443 

Soybean oil, 557, 559, 567, 573, 574 ; : 
Soybeans, 830 
Soy urease, 684 
Spark, aluminum, 38, 44 

as ultraviolet source, 38-45 
cadmium, 155 
carbon, 154 
cobalt, 44 
condensed, 42 
discharge, theory, 39-42 
gaps, 43, 44 
iron, 38, 152 
irradiated, 269 
lead, 155 
magnesium, 155 
molybdenum, 154 
nickel, 154 
reactions induced by, 45 
sources for photochemical reactions, 43-45 
spectra, 32, 33; 36, 42 
Tesla, 155 
tim, 155 
tungsten, 152, 154, 155 
uncondensed, 40 
underwater, 152, 153, 155 

uses, 38-45, 650 
zinc, 44, 154, 155 

Spawn, frog and toad, 766 
Saas eae and quantum theory, 177 217 
pectra, absorption, 152-163, 213, 

270, 271; -336, 337. St Rapes ek 
of sterols during irradiation, 794-801 

atomic, 19-22, 230 
band, 19, 163, 216-228 
continuous, 18, 19, 94, 152,153, 229-236 
convergence, 230, 246, 293-295 
electron-affinity, 337, 338 
for absorption studies, 152 
line, 5, 18-23, 26 
molecular, 19, 217-228, 230, 231, 234-236 
of ions, 33 
of polyatomic molecules, 223, 224 
predissociation, 241-244 
Raman, 222, 224 
rotation-vibration, 221-223, 225 
series, 23, 24 
spark, 32, 33, 36; 42 

Spectrograph, 183, 190, 270, 271 
Spectrographic analysis, 662 
Spectrometer, quartz, 693, 694 
Spectrophotometers, photoelectric, 271 
Spectroradiometer, 100 
Spectroscopy, and photochemistry, 229-244, 270 
Spectrum, electromagnetic, nature, #.35.6,. 75,9, 10 of sunlamp, 144-146 os 

solar, 4, 7, 174, 192 
Spekker photometer, 161, 270 
Sperm, 717, 764 
Sperry arc, 618 
Spin, of electrons, 25, 226 

nuclear, 226 
Spinach, irradiated, 742, 789, 830, 856 
Spinal fluid, gold test, 677 
Spindle oil, 653 
Spirit black, 643 
Spirocyclopentane, 810 
Spirogyra, 685, 882 
Spirostomum ambiguum, microirradiation 703 
Spleen, and typhoid immunization, 757 
Splenic hormone, 749, 750, 757 
cee ae fis cay 
pringfield Lake, solar energy at, 198- 

Spruce 618, 876 at eannee 
Spyrogyra, ultramicroscopic irradiation, 717 
Squalene, 511 : 
Square root law, for rates, 251, 252, 254, 278 

Stabilizers, 462, 657 
Stability of colloidal systems, 387, 388 
Stains, from methylene blue, 630, 631 
Standards, of radiation, 99, 
Stannates, and cotton, 615 
Stannic acids, 366, 591 
Stannic chloride, 489, 648 

hydroxide sol, 390, 391 
iodide, 240, 365, 366 
oxide, 259 

Stannous chloride, 365, 384 
oxide, 171 

Staphylococci, 706, 720, 727, 728, 825 
Staphylococcus aureus, 694, 696, 697, 704, 705 

phage, 712 
Star spectra, 32-34 
Starch, 267, 384, 435, 620, 681, 682, 791 

photolysis, 435, 436 
photosynthesis, 866-868, 882 

Starfish eggs, 764 
Stark effect, 163, 336 
natty” 586 
tearic acid, 265, 266, 437, 554, anilide, 265, 677 eee 

Stearoleic acid, 565 
Steels, 661 
Steenbock diet, 786 

unit, 835, 838, 841 
Stefan-Boltzmann law, 15-17 
Stellar energy, origin, 191, 192 
Stenobothrus spermatocytes, 704 
Stereoisomerizations, 406, 412, 452-456, 482-484 488, 490, 491, 564-567, 569, 596, 793 
Stereoisomers, absorption by cis and trans forms, 

453 
“Sterilamps,” 724 
Sterilization, of food products, 721-724 

of medicinal products, 725-728 
ae Fa pee od 718-721 

erols, » 791-801, Spee a 809, 827, 833, 834, 888 

Stigmasterol, 7-dehydro, 817 
Stilbazoles, polymerization, 521 
Stilbene, 267,° 490, 511, 548, 549, 648, 743 Stimulation of bacterial growth, 697 

of cells by ultraviolet rays, 697, 704, 707 of paramecia, 717 ‘ of plant growth, 150, 887 
of yeast growth, 708, 710 

Stinging nettles, 657 
Stokes’s law, 207 
Stratification, of suspensions, 391 
Stratosphere, 193, 194 ‘ 
Stratum granulosum, 736 
Shsew pulp, 618 

reaming reactions, temper i Site ie ae perature coefficients, 248 

Striated discharge, mercury vapor, 83 
Strontium, 26, 57, 4 
Strophanthus, tincture, 658 
Strychnine, 525 
styrene, 173,. 488, 489, 595 
aie mh ‘ ~Styryl-3-bromostyryl-4,6-dinitrobenzene 
4-Styryl-2,4-dichloro-3-cyanopyridine, 521 < Beep 248 in ergosterol irradiation, 808, 811, 

Substance L in ergosterol irradiation, 805, 807 Substance S in ergosterol irradiation, 800, 801 Succinic acid, 437, 438, 441, 447, 452 454 764 Succino-dehydrogenase, 686, 687 ‘ 
eee oes 683 
ucrose, 260, 356, 371, 387, - oes aes 433-435, 472, 521, 

Sugars, 500, 681, 682, 722 
occurrence, 742, 858, 891 
Ge, 673 
photosynthesis, 866, 870, 889 (see - 

hydrate photosynthesis) ‘ a 
Sulfanilic acid, 500, 643 | 
eee ion, 355, 377 
ulfhydryl compounds, 463, 623, 6 Sulfides, 142, 583, 615 a 

Sulfite cellulose, fluorescence, 620 
Sulfites, 355, 356 

SUBIECT INDEX 957 

Sulfobenzeneazo-N-phenyl-B-naphthylamine, 626 
Sulfofluorene, 503 
Sulfones, 489 
Sulfonic acids, 519 
Sulfophenyl-3-methyl-5-pyrazolone, 382 
Sulfur, 141, 359, 390, 534, 600, 605, 607, 611, 620 

and gasoline, 654 
and oils, 558, 574 
bacteria, 518 
compounds, 379, 463, 464, 534, 653-655 
fluorescence, 600, 601, 620 
formation, 354, 358, 385, 463, 498 
in vulcanization, 597-599 
neutral, excretion, 745 
occurrence, 608, 622, 623, 679, 756 
oxidation, 354 
pigment, 582 
predissociation, 241, 244 
reaction with arsenic, 354 
reaction with hydrogen, 329 
sensitizer, 479 
sols, si ae ; ante 
vapor, absorption spectrum, 

Sulfur chlorides, 354, 355, 534, 545, 596, 599 
dioxide, 69, 330, 332, 390, 407, 534, 590, 634, 

654, 750 
absorption spectrum, 330, 355 
from wool, 622 
in accelerated paint tests, 580 
predissociation, 241, 243, 244, 330 

monoxide, 330 
oxygen acids, formation, 354 
trioxide, 330 

Sulfuric acid, 187, 339, 343, 354, 469, 484 
effect on various photoreactions, 340, 358, 455, 

5 24 
formation, 331, 357, 457 

Sulfurous acid, 354 
Sulfuryl bromide, 332 
Sulfuryl chloride, 331, 534, 545 
Sulzin, 598 
Sun, as ultraviolet source, 99, 191-202 
‘Guy Ray! 173 
Sunburn, 673, 733 

creams, 743 
Sunflower, 886, 888 

oil, 571, 574, 790 
-Sunlamp, 111, 141, 143-147, 561, 738, 783, 887 

Alpine, 129, 134, 135 
Sunlight, actinometry of, 35, 103-105 

and rickets, 170, 778, 779, 781, 782, 787, 809, 
828, 832, 837 : 

antagonistic action of rays in, 150 
energy distribution, 192, 195-202 
tests of light-fastness of dyes, 634-636, 640-642 
therapeutic use, 734, 769, 770, 772, 773 

“Sunlit, 175 
Sunspots, 2, 192 
Suprasterols, 805, 808-811 
Surface catalysts, 253, 254 

designs, on rubber, 599 
photoreactions in, 265 
vulcanization, 598, 599 

Swan bands, in carbon are, 53 
Swatch boxes, 640 
Swimming pools, 147, 720 
Swine, light sensitization, 861 
“Sylphrap R R Old Gold,”’ 561 
Sympathetic system, 734, 760 
Sympathicotonic action, 751 : 
Symplex, of vitamin D and lactalbumin, 839 
Synephrine, 689 
Synergy, of radiations, 442, 443, 486, 873 
Synthetic rubber, 409, 593 

Tictirsteat 807-811, 816, 821 
Tadpoles, 759, 766 
Taka-diastase, 681, 682 
Tannic acid, 621 
Tannin, 390 
Tanning materials, 651 

of skin, 671, 738, 739, 772 
Tantalum, 58, 74, 97, 98 
Tapes, insulating, 606 

Tar cancers, 766 
coal, 865 
papillomas, 766 
road, testing, 661 

Tariric acid, 554 
Tartar emetic, 359 
Tartaric acid, 384, 407, 448, 450, 541, 648, 660, 

672, 870, 883 
oxidation, 364, 366, 448, 450 

Tartrates, 353, 377 
Tea, 660 
Teaseed oil, 555 
Teeth, 178, 824 
Television, 150 
Telfairia oil, 574 
Tellurium, 148, 384 

oxide, 354 ; reo 
Temperature, after body irradiation, 744 
®'and absorption spectra of solutions, 337 

and black body radiation, 15-17 
and photosynthesis in plants, 873, 874, 876, 882 
effect on lamps, 132, 133, 139 
coefficient, 245, 248-250, 252, 293, 443, 692, 693, 

698, 708, 711, 716, 740 
Tenderizing beef, 724 
Tent fabrics, 615 
Terephthaldehyde, 476, 481, 482 
Terephthaldehydic acid, 476, 481 
Terephthalic acid, 481 
Terephthalophenone, 476 
Terms, spectral, 23, 24, 234, 235 
Terpenes, 514, 550, 659 
Terpinol hydrate, 514 
Tesla coil, 153 

spark, 155 ‘ 
Test, accelerated weathering, asphalts, 661 

dyes, 634-642 
enamels and lacquers, 586, 587, 590 
lithopone, 386 
paints, 575-581 
papers, 618 
road tar, 661 
rubber, 605-609 
steels, 661 
varnishes, 586, 587 

Tetanus bacillus, 710 
toxin, 690 

Tetany, 755, 823, 826 
Tetrabenzoylethylene, 489, 490, 493 
Tetraborate ion, 377 
Tetrabromofluorescein, sensitizer for Eder reac- 

tion, 444 
Tetracarboxypyridine, 519 
Tetrachloroanthraquinone, 550 
Tetrachloroarsine, 549 
Tetrachlorobenzene, 547 
Tetrachlorodimethylbenzophenone, 478 
Tetrachlorodimethylbenzoyl chloride, 548 
Tetrachlorodithiacyclobutane, 464 
Tetrachloroethane, 401, 526, 537, 613 
Tetrachloroethylene, 534, 535, 657, 659 
Tetrachloroketonaphthalene, 493 
Tetrachloromethylpropane, 532 
Tetrachloroplatinic acid, 248, 369, 370 
Tetraconite, 613 
Tetrafluorenylhydrazine, 511 
Tetrahydrodiphenylnaphthacene, 510 
Tetrahydronaphthalene, 613 
Tetraleneacetic acid, 511 
Tetralin, 501, 657 
Tetramethoxyaminophenylcinnamic acid, 484 
Tetramethoxyphenylcarbostyril, 484 
Tetramethylene, nitrosochloride, 461 
Tetramethylthiuramdisulfide, 598, 605, 612 
Tetranitrodiammine cobalt, 368 
Tetranitromethane, 36 
Tetraoxybutyloxyquinoxaline, 851 
Tetraoxybutylquinoxaline, 851 
Tetranhenvld‘benzoyltetrahydropyran, 521 
Tetraphenyldihydropyridine, 521 
Tetraphenyldihydrotriazine, 493 
Tetraphenyldihvdroxyethanedicarboxylic acid, lac- 

tone, 478 
Tetraphenylrubene, 509 
Tetraphenylrubrene, 510 
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Textile printing, 520, 645-647 
Textiles, 499, 624, 641, 831 
Thallium, 150, 238, 257, 369, 377, 380, 744 

bromide, 238 
chloride, 183, 238, 350 
iodide, 238, 345 

Theosterols, 817 
Therapy, 143, 150, 770-772, 862 

lamp, 132-134, 138, 139 
Thermionic valve, 97 
Thermochemistry, 217 
Thermocouple, 771 
Thermodynamics, and photochemistry, 206, 212, 

213 
Thermoluminescence, of solarized glasses, 176 
Thermophilic bacteria, 722 
Thermopiles, 96, 99, 271, 697, 782 
Thermostat, for carbon arc, 60 
Thiamine, 850, 851 
Thiazine dyes, 640, 712 
Thiazole, amino, 498 
Thiazoline, 183 
Thiocarbamide, 498 
Thiocarbanilide, 573, 605 
Thiochrome, 851 
Thiocresol, 415 
Thiocyanic acid, 358 
Thiocyanacetoneoxime, 494 
Thiocyanogen, 457 
Thiocystis, 707 
Thioglycollic acid, 463 
Thiohydrazides, condensation products of, 500 
Thionine, 631 
Thiophene, 466, 863 
Thiophosgene, 463, 464 
Thiopyronine, 712 
Thiosemicarbazones, 495 
Thiosinamine, 263, 264, 864 
Thioxanthone dyes, 712 
**Thiozone,’? 597 
Thistle blossom rennet, 684 
Thoracoplasties, 729 
Thorium, 97, 98, 362 

dioxide, 870 
hydroxide sol, 390, 391 

Thormaehlen reaction, 740 
Threads, sterilization, 727 
Thresholds, for lethal action, 699-701, 716 

for vitamin D., formation, 812 
photochemical, 246, 247, 290, 291, 327, .397, 

480, 866 
photosynthesis of carbohydrates, 866 

Thrombin, 684 
Thrombocytes, 749, 825 
Thrombocytogenesis, 749 
Thrombopenia, 749 
Thunberg tube, 686 
Thyme oil, 513 
Thymine, 518, 696, 699, 701, 702 

glycol, 518 
Thymol, 513 
Thymonucleic acid, 677, 698-701, 704 
Thyroid gland, 689, 749, 759, 777 
“‘Timonox,’’ 582 
Tin, 149, 150, 155, 171, 365, 366, 386, 657 

halides, 359, 411 
Tinctures, deterioration, 658 
Tires, fluorescence analysis, 600 
Tissue cultures, 764, 765 

paper, 619, 620 
respiration, 863 

Titanium, 26, 57-59, 78, 97-99, 172, 592, 743 
chlorides, 359, 369 
dioxide, 165-169, 458, 609, 612, 617, 673, 883 
nitride, 139 
oxide, 75, 152, 350. 386, 583, 598 
white, 575, 582, 590 

“Titanox,” 577, 582, 583 
“Tithonometer,”? 284 
Titrations, in Wood's light, 665 
Tobacco, 522, 659, 660, 861 

cloth, 616 
disease virus, 712 
plants, 883, 884, 889 

Topler cloud, 285 

Tolidine, 646, 721 
Tolualdehydes, 469 
Haren 467-469, 470, 480, 496, 506, 508, 514, 

651 
acetyl, 547 
arsenic acid, 549 

Tolueneazo-B-naphthol, 633, 634 ° 
bromination, 545, 549 
chlorination, 526, 542, 544, 545 
chloro, 544, 549 
hexahydro, 424, 473 
nitro, 470-472 
sulfonanilide, 587 

Toluhydroquinone, 474 
Toluic aldehyde, 468 
Toluidine Blue, 632 

Green, 632 
Toluidines, 495, 497, 647 
Toluquinone, 474 
Tolylbenzoic acid, 478 
jae hs mae p-Tolyl)-3,3’-diphenyl-5,5’ -dimethylrubrene, 

10 
Tolylglyoxime, 461 
Tolylquinoline, 521 
Tomato bushy stunt virus, 712 

plants, 887-889 
*“‘Toplast,” 589 
Torch, oxyacetylene, 164 
Tortelli-Jaffe reaction, 796 
Tortoise shell, bleaching, 649 
Torula, 685 
Toxascaris Leonina, ova, 718 
Toxic calcification factor, 821 
Toxicity, mercury, 124 

vitamin D, 820-823 
Toxins, 690, 691, 860 
Toxisterol, 808, 811, 821 
Toxocara ova, 718 
Tracing cloth, 189 
Transformer oils, 651 
Transformers, 40, 42, 135, 136, 139, 140, 144, 147, 

153-155, 159, 162 
Transitions, between energy states, 219-223, 225 

forbidden, 24, 92 
Transpiration, 867, 874 
Trehalose, hydrolysis, 434 
Triacetin, 650 é 
Triacetoxytriethanolamine, in stabilizing gaso- 

lines, 655 
Triaminotriphenylmethane, 626 
Triarylacetonitriles, 627 
Triazine tetraphenyldihydro, 493 
Triazolium salts, 626 
Tribromoethyl alcohol, 658 
Tribulus terrestris, as photosensitizer, 861 
Tributyl phthalate, 576 
Trichloracetic acid, 249, 452 
Trichloroacetyl chloride, 534, 535 
Trichloroacet yltrichloromethylbenzene, 547 
Trichlorobenzene, 543, 547 
Trichlorobromomethane, 211, 215 
Trichlorocineole, 550 
Trichloro-2,4-dimethylbenzoyl chloride, 548 
Trichloroethane, 534 
Trichloroethylene, 401, 407, 529, 535, 657 
Trichlorohydrin, 534 
Trichloroiodobenzene, 544 
Trichloroisobutane, 532 
Trichloromethylpropane, 532 
Trichloropropane, 534 
Tricresyl phosphate, 576, 590, 591 
Triethanolamine, 833 
Trifolium, 715 
Trihexosan, 435 
Trihydroxyanthraquinone Purpurin, 616 
Trihvdroxytriethvlamine derivatives, 183 
Tri-iodide ion, 249, 446 
Trimethylacetaldehyde, 421 
Trimethylamine, and visual purple, 858 
Trimethylenechlorobromide, 550 
Trimethylethylene, 394, 594 
Trimethyliodostannane, 366 
Trimethylisoalloxazine, 852 
Trimethylmethane derivatives, 267 
Trimethylpentane, 464 

— 

- 

ini enzaldehyde, 475 rae 
Less ike et ail rubber vulcanization, 598 

Trinitrobenzoic acids, 472 
Trinitrobenzoyl alcohol, 472 
Trinitrobenzyl bromide, 472 
Trinitrostilbene, 266, 267 
Trinitrotoluene, 354, 471, 472 
Trinitrotriammine cobalt, 368 
Triolein, 558 
Triose, 435, 436 
Triphenylbromomethane, 626 

Triphenylchloromethane, 626, 627 

Triphenylfulgide, 493 
Triphenylguanidine, 605, 610° 

Eriphenyihydroxypropiome acid, 477, 478 
iphenyllactic acid, , 478 

Fee ie hare and derivatives, 267, 626-629, 

632, 640 
Triphenylnaphthacene, 511 
Triphenyl peroxide, 626 
Triphenyl phosphate, 173, 590 
Triphenylrubrene, 510, 511 
Trisilane, 333 
poe Se age ty 440 
Trisulfon Violet, 
Tritolyl phosphate, 587, 589, 591 
Triton eibiros. 57 9 
Tropacocaine, i 
a picalun majus, photosynthesis, 868 
“Tru-hu” 4) eg 642 
Truxilldiamide, 
Truxillic acid, 483, 484, 491 
Truxinic acid, 483, 491 
Truxinic anhydride, 484 
Truxones, 492, 493, 517 
Trypaflavine, 261, 264, 861, 862 
Trypan Blue, 634 

Resin, 680, 684 rypsin, . 
Pia ie ak 670-674, 682, 683, 696, 701, 737, 

739, 748, es ae . 
‘Tsubaki oil, oxidation, 
epeccle bacilli, 699, 706, 775 
Tuberculin, 690. 
Tuberculinic acid, 700 
Tuberculosis, 733, 771-773, 823 
Tumors, 150, 742, 766, 865 
Tuna fish liver oil, 801, 815-817 

' - Tung oil, 386, 559, 564-567, 571, 648 
estates, and cotton, 615 

Taecstens 58, 59, 74, 75, 78-80, 143, 145, 149, 
156, 161, 369 

lamp, 34, 35, 156, 160, 693, 694 
spark, 152, 154, 155 

Tungsten ee Si 
trioxide, 

Tungetic acid, 369, 387, 418, 433 
Turkey-red oil, 382, 613 ; 
Turnip seeds, 716, 885 
Turpentine, oe 610 
Tyndall cone, 
Typhoid bacillus, 720, 757, 775, 825 

j , 684 

Tyrosine. 670-694, 682, 684, 696, 701, 737, 739, 
741, 791, 863 

U bands, in halide crystals, 375 
Ulcers, 862 oe 

Itrament, — 
Fi caee one irradiation of protozoa, 717 
Ultramicroscopy, of dried oils, 567 
pets cae gal 690 
“Ultraviol,” 1 
Ultraviolet microscopy, 703, 704, 715 
Ultraviolet-permeable glasses, 168-176 
Ultraviolet plates, 381, 382 

radiations, 2, 6, 7, 164, 208, 498 
Ultraviolet-sensitive papers, 383 
Ultraviolet-transmitting materials, 172-176 
“Ultrazin,” 166 ; 
Ulva lactuca, photosynthesis by, 874 
Ui mibenie ronea?, acid, 562 
J ic acid, 5§ 
Gabe te milk irradiation, 842, 843, 845, 846 
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Units, photosynthetic, 881 _ 
vitamin D. ia 819, 820 

e-length, te: 

Ue ceureaa acids, bromination, 554 
compounds, aliphatic, 406-415 
hydrocarbons, FS aan 533-538 

ils, detection, 
rec. 677, 683, 696, 699, 701-703, 850 
Uranic aa 361 

cae. 58, 97-99, 103-105, 155, 169, 370 
acetate, 834 
ferrocyanide sol, 391 

ities’ 166, 630, 868 
oF hee. 362, 370, 403, 407, 432, 450, 468, 727 

Uranous sulfate, 370 
Uragyl acches 448, 525 

ete "405, 411, 442, 449, 481, 503, 812 
late, 102, 104, ; F 

pn me 359, 261, 336, 409, 439, 440, 443, 447, 

Lap 307, 447 lfat 9 9 9 

Urea, 171, 173, 356, 436, 498, 688, 760 
condensation with formaldehyde, 172, 584 
derivative of aniegobetiz0y/ Duet TEas aaa 562 
diethyldiphenyl, 354 
farmavion, 350, 518, 702 : 
of 4-aminobenzoyl-3-aminopyrenedisulfonate, 562, 

563 
photolysis, 458, 459 

Leb 683, ie - it 
ethane, and quinine, 

Unie acid, 187, 350, 702, 703, 863 
Urine volume, 745 
Urobilin, 750 
Urobilinogen, 871 
Uroflavin, 851 
Uronic acid, 883 
pol mcarnas i 103 
“Ursilber,”’ 
tack. 824, 861, 862 

ba acne hala 81, 85-87, 89, 92, 100, 117, 129, 
134-137, 174, 175 

“Tyviol,”? 156, 173, 175, 176, 178, 182, 305 
lamps, 108, 114, 182 

‘““UVscope,”’ 100 

NS onciaations viat 770 
Vaccines, bacterial, 725, 726 
Vaccinia virus, 712, 725 
Vagotonic action, 751 
Vagus, 734, 746 
Valine, 671 : 
Valve, thermionic, 97 
Vanadium, 26, 58, 169 

oxide, 75, 152, 165-167, 508 
salts, 409, 592 

ena ee ody 558 _—s 
an Slyke test for amino groups, 

Slt He 407, 566, 573, 586, 587, 648 
Vaseline, 381, 462, 600, 610, 727 
be ty Ga aed 
Vasodilatation, 
Vat dyes, 616, 617, 630, 642, 647 
Vegetable extracts, 722 

oils, 557, 789 : 
Vegetables; vitamin D in, 827 
Meee ae 5 

ermillion, ree : 
ernie medicine, irradiation therapy in, 777, 

Pa 
“iat.” 

Vibrational energv, 218, 220, 222, 223, 227, 229, 
230, 233-236, 247, 250 

Vibrationless state, 233 
Vicia faba, leaves, 715 
Victor water-cooled piety arc, 701 
Victoria dyes, 636, 639, 55 
Vigantol, 759, 820, 821, 825, 832, 833 
Villikinin, 689 
‘Vinyl acetate, 172, 173, 410, 411, 585 

anisole, 410 
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Vinyl bromide, 409, 410 
chloride, 409-411, 534, 585 
chloroacetate, 173 
diazomethane, 460 
esters, polymerization, 173, 410, 411 
ethinylearbinols, 410, 411 
halides, 205, 410, 411 
iodide, 399 
resin, 410-412, 619 

Violet N, 639 
Violin strings, sterilization, 727 
*Viopake,”’ 166 
Viosterol, 742, 820, 823-827, 831 
Vipera Russellii, toxin, 691 
Viruses, 711-713, 860 
Viscose, 188, 585, 613, 615, 616, 619-621 
Viscosity, and fluorescence quenching, 335 
Visibility, sensitivity curve, 180 

short wave-length limit, 762 
Visible rays, 2-4, 6, 178, 208, 680, 692 
Vision, 856-859 
Visual yellow, 858 

purple, 857-859 
“Vitaglass,” 103, 104, 169, 172-175, 178, 181, 

637, G61, 7I1, 712, °776, 782, 825, ‘$87,888 
Vital staining, 751 
“Vitamalt,’? 832 
Vitamin, antihemorrhagic, 856 

fat-soluble, 780 
preparations, standardization, 834 
production, 848 

Vitamin A, 814, 825, 828, 846, 848, 857, 858 
absorption spectrum, 853 
assay, 780, 853, 854, 856 
in cod-liver oil, 831 
not produced by irradiation, 780, 790 
photolysis, 854-856 

Vitamin A», 853 
Vitamin B group, 688, 850-853 
Vitamin C, 660, 740, 743, 755, 785, 846, 848, 849 
Vitamin D, absorption spectrum, 796-799, 804 

and infections, 823-825 
and public health, 831 
assay, 780, 785, 805 
crystalline, 800, 801, 803-807 
destruction, 721, 793, 797, 801, 803, 805 
dosage, 802, 803, 819, 820 
emulsion, 834 
for animals, 786, 788, 838 
formation, 103, 150, 733, 803, 804, 814, 832 
in human milk, 785 
in wine, 660 
local application, 847 
natural, 813, 814, 816 
origin in fish-livers, 790 
sae aes action, 780, 785, 818, 819, 824, 

82 
response of rats and chicks, 814, 817 
toxicity, 785, 820-823 
unit, 781, 819, 820, 835 

Vitamin Dy, 806, 807, 821 
Vitamin De, 803, 807, 808-811, 813-817, 821, 822, 

83 
Vitamin Dz, 816, 817, 821, 831 
Vitamin D,, 813 
Vitamin E, 856 
Vitreous humor, transparency, 762, 764 
“Vitrisol,”? 742 
Voandzeia, 715 
Voltaic cells, irradiation of, 105 
Vorticella, 523 
Vulcanization, 596-599, 601, 604, 605 
Vulcanized rubber, 593, 597, 601, 606-608, 609 
Vulkan colors, 599 
Vuzin, 524 

W arturo respiratory enzyme, 687 
Washington, solar energy at, 195, 198 
Water, 359 

absorption, 183, 194, 298, 299, 338 
bands, fluorescence, 30 
dissociation, 231, 240, 299, 302 
effect of x-rays on, 209 
effect on carbon dioxide photolysis, 307, 308 
effect on hydrogen-chlorine combination, 286-288 

Water, filters, 183 
formation, 299, 302-304, 422 
irradiated, 710, 720 
photolysis, 299, 339 
reaction with bromine, 345 
sterilization, 718-721 

Water gas, 259, 481 
Water-glass, 385 
Waterproofing paper, 620 
Wave-length, and temperature coefficients, 249, 250 

characterizing radiations nh te 
conversion to wave-number, 208 
optimum for lethal action, 698, 701 
effective for milk irradiation, 843, 844 
effective in rickets, 780, 781, 809 
effective in therapy, 773 
erythema-producing, 737, 738 
for lethal action on yeast, 708 
kcal, equivalent of, 207, 208 
measurement, 4 
restricted, in irradiation of ergosterol, 833, 834 
synergy of, 45 

Wave mechanics (see Quantum mechanics) 
Wave-number, 5, 208, 222, 224 
Wave theory, 3, 4, 6, 10 
Waves, 2, 3, 4, 6 
Wax, carnauba, 608 

ceresin, 610 
Japan, 586 
Montan, in rubber, 610 
white, 534 
axes, fluorescence, 600 

Ve ee 587 
edges, platinum for reducing light intensity, 27 

Wehnelt cathodes, 76, 156 a a 
Weigert effect, 266, 383 
Welding, injury to eyes, 164 
Weston photronic cell, 97 
Whale oil, 555, 557 
Wheat, 829, 830, 883 
Whitby test for cholesterol, 793 
White cells (see Leucocytes) 
White lead, 582, 583 
Whiting, in rubber, 610 
Whiskey, aging, 660 
Whooping cough, 775 
Wien’s displacement law, 15, 16, 94, 155 
Willemite, 190 
Window glass, 170, 174, 175 

ine, aging, 66 
intergreen oil, 513 

Winter sunlight, and rickets, 781, 782 
Witte’s peptone, 674, 688, 691 
Wood, 611, 612, 617-619, 648 
Wood’s light, 461, 752,-781, 849 
Wool, 188, 189, 613, 616, 618, 622, 623, 678, 679 

and dyes, 471, 635, 637, 639, 501, 502 
chlorination, 550 ars 
fat, irradiated, 847 
fluorescence, 624, 645 
Green, 642 
mold growth on, 727 

Woolen patterns, 642, 643 
Wormseed oil, 513 
Worsteds, 636, 640, 642 
Wort, irradiation, 710 
Wound healing, 729, 770 
Wrappers, protective, 560-563 
Wiirtzite, 385 

Kdhiliane dyes, 640 
Xanthine, 702 
Xanthine oxidase, 686 
Xanthogenation, 617 
Xanthone, 507 
Xanthophyll, 856, 858, 871, 872, 876, 882, 888 
Xanthorhamnin, 43 
Xanthydrol, 592 
Xenon lamp, 151, 300, 308, 319, 393 
Xeroderma pigmentosum, 769, 861 
Xerophthalmia, 780 
X-rays, 2, 7-9, 354, 657 

and foodstuffs, 828 
and proteins, 677 
and sterols, 803, 804, 832 

X-rays, biological apbiens of, 705, 708, 733 

i by, 208, 
Xylene, 467-409, 503, 545, 546, 651, 829 

Xylidine, 497, 647 ; 
Xylyl chloride, 546 

Yc. 613, 615 
Yeast, absorption spectrum, 708 

and glucolysis, 710 
antirachitic activation of, 837 
autolyzates, 682, 683, 837, 847 
catalase silvia afi cian 

uction oO vita ; 

oes of irradiation of, 707-710, 727, 789 

ergosterol content, 79 
extract, 686, 837 
growth, 563, 708, 709 

* gums, 682 a 
proteinase, 

iration, 687, 688, 709, 750 
sucoentibility to lethal action of rays, 696, 706 

Yellow oxidation enzyme, 853 
Yttrium compounds, 58, 142 

Z on lacquer, sensitizer, 479 
Zoe gate. seedlings, 888 
Zeeman effect, a 
Zero branch, 2 

Zero-point energy, ea 235, 290 

iehl-Neelsen stain, 

ee 97, 147, 150, 151, 169, 171, 292, 385, 541 

and fatty acids, 554 

arc, 62, 64, 231 

corrosion, 661 
glass, 165 ; 
heat of dissociation, 234 

in carbon arc, 57 
in tissues, 760 
lamp, 148-150 
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Zinc, plates, and aniline, 495 

spark, 154, 155 
wool, 401 

Zinc blende, 285 
bonate, 

chloride, 64, 171, 519, 532 
plinpmates S28 
iethyl, 
eis iin ocarhamate, 605 
dimethyl, 464 
disulfide, 385 
halides, ae 411 

vaiie. 168, 171, 178, 575, 590, 605, 831 

a tos Be eaunsien 354 e€ 9 

eee 259, 339, 350, 370, 371, 

458, 500, 553, 625, 673, 883 

fluorescence analysis, 600, 601 

in ce dgeee as aia rg ne 

i it llulose lacquers, a 

= Saber 598, 599, 603, 607, 610, 611 

opacity, 582 
metro 577, 580 
reflecting power, 583 

oxynitrate, 371 
peroxide, 573 
resinates, 585 
aalleylate, 021 
silicate, 

fide, 384, 385, 590, 600, 743 
gist RE 104, 105, 202, 717 
xanthate, 596 

Zirconium, 58, 59, 362 
mute, 18? 

He's crystals, 374, 375 
Zooplankton, 790 
Zwitterions, 671 
Zygote, 717 
Zymosterol, 795 

9167 
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