Feature Article

A SOLUTION TO SOLUTIONS? Some Elementary Guidelines

10% w/v, 15% w/w, 20% v/v,
15g/1, 4M. Just what do all these
mean? Itis surprising what a muddle
somc pcople get into with making up
quite simple solutions, but really it is
not that difTicult.

The first thing (o get established
is what all these terms really mcan. If
we make a solution by dissolving 1
level teaspoon of a powder in half a
pint of watcr we are measuring both
in terms of volume. Thus the resul-
tant strength of the solution is cx-
pressed with the term volume per
volume, i.c. v/v. If, however, we take
2 ounces of powdcr and dissolve it in
a gallon of water then one ingredient
iIs mecasurcd by weight and the other
by volume. So the strength of the so-
lution is weight per volume, i.e. w/v.
[l we now make up a solution with 5
grammes of powdcerand 100 grammes
ofliquid both measures arc by weight
so that the solution is weight by weight,
i.c. w/w.

When solutions are made up ac-
curatcly by dissolving a solid in a lig-
uid the solid is first dissolved in a
small quantity of the liquid and the
volume madec up to the required level
using a volumctric flask. With the
solutions wce usc in conscrvation we
don’t usually nced this degree of
accuracy but what must not be done
is to dissolve 10 grammeces of solid in
100 cubic centimetres of liquid to give
a 10% solution -- less than 100 cubic
centimetres of liquid will be necded
to give 100 cubic centimetres of solu-
tion because of the expansion of the
liquid when thesolid is dissolved init.

When it comes to percentages,
working in teaspoonful, pints, or

ounces will cause considerable diffi-
cultics. Such difficulties do not occur
IC all the mceasurements, whether by
wceight or volume, arec measurcd using
the mctric system. The term “‘percent-
age” refers to parts per 100, the 100
referring to the final mixture, not onc
of thcingredicnts. This mcans that we
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neced to dissolve S grammes of pow-
der in 95 grammes of liquid to make
100 grammecs of solution, which would
then give us a 5% w/w solution. It is
important that the units be consis-
lent, cither in grammes or cubic cen-
timetres and the final mixture out of
either 100 grammes or cubic cen-
timetres.  Thus, if 15 grammes of
powdcr arc dissolved in 1 litre of
liquid, we have 15 parts by wcight of
powdcr to 1,000 parts by volume of
liquid, so the solution is 1.5% w/v.

Problems can arisc when liquids
arc somctimes mcasurcd by wecight
and somctimes by volume. Let's take
an cxamplc: if we dissolve 1 gramme
of powdcrin 99 grammes of water we
have a 1% w/w solution. But 99
grammes of watcr has a volume o 99
cubic centimcetres so we could, with
the same quantitics, express the con-
centration of the solution as 1% w/v.
This works only with water. If we dis-
solve 1 gramme of powder in 99 cubic
centimcetres of cthanol to produce
100 cublic centimetres of solution we

have againa 1% w/vsolution. But 99 |

cubic ccntimcetres of cthanol weigh
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80 grammes not 99 grammes so the
concentration of the solution ex-
pressed  as w/w would  be
(1 x 100)/(1 + 80); i.c., 100/81 =
1.2% w/w.

A further complication olten comes
with the symbols used for the quanti-
tics, volume bcing sometimes very
confusing. The old symbol for onc
cubic centimetre usced to be cc, this
was changed to ml (millilitre) and is
now cm? Furthermore there is a
trend to usc the unit dm? (cubic deci-
mctrc) instcad of litre. The symnbol
uscd [or grammes has also changed.

It used to be gm or gms (and some-
timces gr or grs is found) but now it is

simply g for both the singular and the
plural. However, because many of
the reference books we use are not
modcrn and are often written by non-
scicntists, we¢ must be aware of the

possible variations.

[f we wish to make up a 10% w/v
solution of magnesium bicarbonate
(magnesium hydrogen carbonate to
give it its correct name) we cannot
obtain it by dissolving magnecsium
bicarbonate powdecr in the appropri-
atc volumec of water because it docs
not exist outside an aqueous solu-
tion. So we nced to do some calcula-
tions. Magncsium bicarbonate is
produced in solution by bubbling
carbon dioxide through a suspension
of magnesium carbonate. The equa-
tion for the reaction is --

MgCO, + CO, + I1,O = Mg(11CO,),

We necd to calculate the weight of
magncsium carbonate rcquired to

producc 10 graminces of magnesiun
bicarbonate. To do this we must
work out the molecular weights (rela-
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A Solution to Solutions? (cont.)

tive molecular masses) of thc two
compouncls, because this gives us the
required figure for the calculation.

To work out the molccular wcights
we need to know the atomic weights

(relative atomic masscs) of the cle-
ments involved. These arc Magnc-
sium 24, Hydrogen 1, Oxypen 16,
Carbon 12. ‘The molecule of magne:
sivun carbonate has the fonnula MgCO,.
This mcans it consists of onc Magnc-
sium atom, one Carbon atom and thrce
Oxygen atoms. This gives us a Mo-

lecular weightof (1 x24) + (1x12) +
(3x16)i.e.atotalof84. The molcculc

of magnesium bicarbonate has a for-
mula of Mg(l1CO,),. This mcans it
consists of one Magnesium atom and
two of (one lydrogen atom + Onc
Carbon atom + three Oxygen atoms),
1 total of one Magnesium atom, two

[lydrogen atoms, two Carbon atomns

and six Oxygen atoms, giving us a
molecular weight of (1 x 24) + (2x 1)
+(2x12) + (6x106)i.e.a total of 146.

Because in the balanced reaction
above onc molccule of magncsium
carbonate produces onc molccule of
magncsium bicarbonatc, the wcights
of the compounds in the rcaction arc
in direct proportion to their molecu-

lar weights. So 146 g ol magncsium bi-
carbonate arc produccd in the rcac-

tion by 84 g ol magnesium carbonatc.
Thercfore it follows that if wec want o
produce 10 g of magncsium bicar-
bonate we need to use 10 x 84/140 g
of magnesium carbonatei.e. 5.7 g. So

if 5.7 g of magnesium carbonate are
suspended in watcer, carbon dioxide

passcd through untilit has all reacted
and the final solution made up to 1
litre, we would have a concentration
of magnesium bicarbonate of 10 g/l,
that is, 2 1% w/v solution.

®Often the term molarity of solu-
tionis used, for example 4 molar (4M).
A molar solution is one which con-
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tains the molccular weight of the
substance in grammes per litre of
solution. So it is ncccssary to work
out molccular weights again. For
cxamplecilfwercquirca 4M solution ol
sodium hydroxide wc first nccd to
xnow that the formula is NaOll. It
consists of one atom of Sodium (atomic
weight 23) one atom of Oxygen and
one atom of lydrogen. (1x23) + (1
x 16) + (1 x1) = 40. So a molar
solution contains 40 g/l of sodium
hydroxidc and hcnce a 4M solution

contains 160 g/l.

Sometimes it is requircd to makc
up a solution wherc the compound

can cxist in slightly diffcrent forms,
onc being anhydrous (without walcr)
and others having water of crystallisa-
tion. A good example is barium hy-
droxide which can cxist in the anhy-
drous form with a molccular (ormula

of Ba(Oll), or hydrated as
Ba(OI1),511,0. To dctermine the
(actor to convert onc to the other we
again nccd to work out the molccular
weights. Ba(Oll), is 171 (Ba = 137)
and Ba(OII),511,0is 261 so the con-
version factor is cither 171/2061, 0.66
for crystalline to anhydrous and 261/
171, 1.53 for anhydrous to crystalline.

Concentrations of hydrogen per-
oxide solutions arc somnctimes quotcd
in molarity, morc often in “volumc
strength.” Volumce strength is uniquc
to hydrogen pcroxide. Whcen hydro-
gen peroxide decomposcs it is con-
verted to water with the liberation of
oxypen gias. Onelitre of *10 volume”
hydrogen pcroxide will producc 10
litres of oxygen when it dcCOmMPpOSCS;
and one litre of 5 volume” hydro-
gen peroxide will produce 5 litrcs of
oxygen. Soitis simply a convenicnt
way of expressing the solution’s
strength. But remember that hydro-
gen peroxide solutions are not stable
and decomposc easily sO that what

has been boughtas 10 volumce”™ docs
not stay at that strength for long.

Another class of oftcn uscd com-
pounds which arc not stable arc the
hypochloritcs - bicaching powder and
sodium hypochlorite.  (Wec won'l
mention Chiloramine T because 1 hope
you have stopped using it]) Whileitls
common practice to usc certain w/v
pcrcentage  solutions, this is very
unrcliable. It is much bctter 10 uscC
the pcrcentagce "available chlorinc®
cxpression of concentration and to
check the actual strength of your so-
lution before you usc it. You can find
details of this in the article "A simplc
method to detenmine the real strengths
of hypochlorite solutions™ (FPaper Con-
servation News, No. 30, 1984).

well, I think that covers most ofit.
I hopc you have found ita help. Tam
constantly surprised at the problems
some conscrvators have in making up
solutions and perhaps now the solu-
tion will not be insoluble.

Reprinted from Paper Conservation
News No. S0 (Junc 1989), pp 10-11, with
pcrmission of the author and Thce Insti-
tute of Paper Conscrvation, Leigh Lodge,
Leigh, Worcestershire WR6 5LB, England.
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