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‘Almast all chemical
processes ahich occur in
nature, whether in anomal
or vegetable organisms, or
in the non—livine surface
of the Earth, and also those
prrocesses which are carried
out in the laboratory, take
tlace betmeen substances
i solutions.

Wilhelm, Ostwald
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what happens
when a substance
dissolves ?

Wa generally think of selutions in terms of 2 solid dissolved
ina liquid. Although this is the commonest kind of solution,
it is only one of several, as the following examples show :

Champagne — a solution of @
tgas in & hiquid {carbon dioxide

in-solution)

air - a solution of gases (oxy-
gen, mtragen, water vdpe

carban dioxida and the inarl

Jases]




If vou stir a spoonful of salt in a beaker of water, the salt
crystals break dowm and mix with the water: the salt (called
the solute) is said to have dissolved in the water (called the
solvent) fo form a solution. This dissolving of one substance in
another 15 so familiar that we pass it over without thought. In
fact, dissolving poses a number of interesting chemical
troblems, some of which we shall look at in this book.

brass —a solution of a:solid in When salt is stirred in water, although the salt apparently
a eolid {zinc in copper) disappears, we know that it is still there because we can taste
it. Evidently the salt crystals break up into small particles,
which are dispersed in the water. They must be very small
indeed because they pass through a filter paper and cannot be
seen even under the highest powered microscopes.
A clearer picture of what happens in dissolving can be gained
by putting a strongly-coloured substance —for example,
potassium permanganate — into a beaker of water. At first the
colour lies at the bottom of the beaker, concentrated round
the permanganate crystals. Bur it slowly spreads through the
water, probably because of the motion of the water molecules.
In about three days the water becomes uniformly purple.
No particles are visible, but the purple colour shows they
must be there. In fact, it is the permanganate ion (MnOg)
: which is responsible for the colour; we can show that ions
iR : - s are formed when potassium permanganate dissolves by test-
Al === ing to see whether the solution is a conductor of electricity;
the conductivity is much higher than that of pure water. But
substances dissolving in water do not always give ions. Dis-
solving sugar in water does not affect the electrical conduc-
tivity: the sugar crystals break down not into electrically
charged ions but into electrically neutral molecules.
Dissolving, then, consists of the mingling of ions, atoms, or
molecules of one substance with the ions, atoms, or molecules
of another. The solute can usually be separated from the
solvent by a simple process — for example, by evaporating the
solvent or, with a solution of one liquid in another, by frac-
tional distillation. For this reason what happens when, say,
a lump of zinc is put in sulphuric acid cannot be regarded as
dissolving. When the excess acid is evaporated, it is zinc
sulphate and not zinc that is recovered.

gasoline — z solution of liguids
(hguid hydracarbon
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When one substance disselves 1n another,

forget -'.'L;-x> 50 |1 ent 'tll:'-" h-;_' or 1o --*rr'mi

fissolvinge to occur, there must be some atirac

he particles of the solvent and those of the solt

te is crystalline, traction must be st
come the attracti ]

= crystal lattice. Common salt v

toluene. Conversely crysials of
toluene but not in water.,

e 15 no hard and fast rule about which
riicular solu L SIE Are some

a good solvent for many lonic compound:

ammonma (b.p. —33-4°C), Ii.'._'l”!'.: sulphur dioxide

20 -.-:E-i'-.i -'q"i i hydrogen fluoride (b.p. 19-54°C)

1E5E iperatures. (Carbon

de and b

Alcohol and ace

rood solvents ‘m-

mnds. {rases

bec

"u‘.:‘-ﬁ m 100 grams of w
i 4+12 grams of water will dissolve in 100 grams of ether
benzene do not mix (o any extent.
often it is the solvent which determines whether 1on
or molecules of the solute will pass into solution. For example
hloride gas is dissolved in water, a great ¢

rdrocen ¢l

"w'?'wl]"m male)—more than can be accour

atent heat of condensation of hydro
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HCl(g) —» H*(ag) + Cl-(ag) A H
HCl(g) — HCI(1) AH= — Akeal

The solution is strongly acidic (suggesting the presence of
hydrogen ions), and it conducts electricity much better than
pure water. Evidently the hydrogen chloride has ionized on
dissolving to form hydrogen ions and chloride ions. If, how-
ever, hydrogen chloride gas is dissolved in toluene, there is
only a small heat change, the solution is not acidic and will
not conduct electricity. Evidently the hydrogen chloride is
present in the solution in the form of molecules.

All this adds up to the fact that dissolving is a two-way
process involving the solvent as well as the solute, and that
the solvent plays a critical part in deciding the nature of the
solution.

some common solvents

Solvents with water-like prop-
erties: suitable for dissolving
mest inorganic substances

liquid hydrogen cyanide
water

liquid ammonia
hydrazine

liquid hydrogen fluoride
liguid sulphur dioxide
liquid hydrogen sulphide
hydroxylamine
anhydrous nitric acid
anhydrous sulphuric acid

s-one of the main
CEITYINgG the

Solvents with oil-like proper-
ties: suitable for dissclving
mast organic substances
ether

astars

carbon tetrachloride
pentane

heanzene

toluene
trichloroethylone
sufpholane

pyridina

Apparatus for finding out
whether a solution conducts
elactricity,

BATTERY

Solvents with both water-like
and oil-like properties | suitable
far dissolving hoth inorganic
and arganic substances

acetone

methanol

ethanol

acetic acid

liquid formaldehyde
liquid ethylamine
phanol

carbon disulphide
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solutions in
thelaboratory

Apparatus used to prepare
solutions of known concan-
tration — the solutes is weighed
in-abafance and is put

in the measuring fiask where

t is made up to the mark with
the solvent to give a solution
of known concentration,



In the laboratory we are concerned chiefly with investigating
reactions between substances. Many important substances
are solid at room temperature, but few of them react satis-
factorily in a solid form, if only because it is difficult to mix
solid substances so that the reacting particles are in intimate
contact. This is why most of the reagents in the laboratory
are made up as solutions: in this form the reacting particles
can be most conveniently brought in contact with each other.
Furthermore, in solution the temperature of the reaction
can be more easily controlled. To quote the great German
chemist Wilhelm Ostwald: ‘Almost all the chemical processes
which occur in nature, whether in animal or vegetable
organisms, or in the non-living surface of the Earth, and also
those processes which are carried out in the laboratory, take
place between substances in solutions.’

We often want to know the quantities of substances that
react. Therefore we have to know the concentrations of the
solutions : how much solute in how much solvent. The con-
centration of a solution is generally expressed in terms of
weight of solute (either grams or gram formulae) in
volumes of solvent (litres). The solute is carefully weighed
and dissolved in a measured volume of solvent: the concen-
tration is then expressed in grams (gram formulae) per litre.
For example, if 5 grams of common salt are dissolved in
100 cm® of water, the concentration is 50 grams (or 0-85
gram formulae) of commoen salt per litre. Using a solution of
Enown concentration (for example, a base), the strength of
another solution whose concentration is unknown (for
example, an acid) can often be determined by measuring
the volume of it needed to neutralize a measured volume
of base.

Another important use for solvents in the laboratory is in
the separation of one substance from a mixture of others.
This process is called solvent extraction. You may have used
it 10 separate a mixture of salt and sand. Solvent extraction
= also used to purify substances.

Solvent extraction — for ax-
ample, to purify phenol {car-
bolic acid), it is shaken in a
separating funnel with egual
parts of ather and water. Ether
and water ara only slightly
soluble in each other and form
separate layers with the ether
on top of the water, The phengl
{which is very soluble in ether
but hardly at all in water) dis-
solves in the ether layer and
such impurities as sodium
chloride and sulphita (which
are soluble in water but not in
ather) dissolve in the water
layer. The water is run off from
the separating funnel, and the
pure phenol is than recoveared
by distilling off the ether.


















