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SOLUBILITY AND ENVIRONMENTAL
POLLUTION

Kripa Sharma

Assistant Professor (Deptt. of Science and Technology)
Hukumchand Noble Institute of Science and Technology, Ajmer

In normal life we rarely come across pure substances. Most of
these are mixtures containing two or more pure substances. Their
utility or importance in life depends on their composition. For
example, the properties of brass (mixture of copper and zinc) are
quite different from those of German silver (mixture of copper, zinc
and nickel) or bronze (mixture of copper and tin); 1 part per million
(ppm) of fluoride ions in water prevents tooth decay, while 1.5 ppm
causes the tooth to become mottled and high concentrations of
fluoride ions can be poisonous (for example, sodium fluoride is used
in rat poison); intravenous injections are always dissolved in water
containing salts at particular ionic concentrations that match with
blood plasma concentrations and so on.

Types of Solutions

Solutions are homogeneous mixtures of two or more than two
components. By homogenous mixture we mean that its composition
and properties are uniform throughout the mixture. Generally, the
component that is present in the largest quantity is known as solvent.
Solvent determines the physical state in which solution exists. One
or more components present in the solution other than solvent are
called solutes. In this Chapter we shall consider only binary solutions.

Type of Solution | Solute | Solvent | Common Examples

Gaseous Solutions| Gas Gas Mixture of oxygen and
nitrogen gas
Liquid | Gas Chloroform mixed with

nitrogen gas
Solid | Gas Campbhor in nitrogen gas
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Liquid Solutions [ Gas Liquid | Oxygen dissolved in water
Liquid Liquid | Ethanol dissolved in water
Solid | Liquid | Glucose dissolved in

water
Solid Solutions Gas Solid Solution of hydrogn in
palladhiur
Liquid Solid Amalgam of mercury with
sodium

Solid | Solid Copper dissolved in gold

SOLUBILITY

Solubility of a substance is its maximum amount that can be
dissolved in a specified amount of solvent at a specified temperature.
It depends upon the nature of solute and solvent as well as
temperature and pressure, Let us consider the effect of these factors
in solution of a solid or a gas in a liquid.

Solubility of a solid in a liquid

Every solid does not dissolve in a given liquid. While sodium
Chloride and sugar dissolve readily in water, naphthalene and
anthracene not. On the other hand, naphthalene and anthracene
dissolve readily benzene but sodium chloride and sugar do not. It is
observed the polar solutes dissolve in polar solvents and non polar
solutes in nor polar solvents. In general, a solute dissolves in a
solvent if the Intermolecular interactions are similar in the two or
we may say like dissolves like.

When a solid solute is added to the solvent, some solute
dissolves and its concentration increases in solution. This process is
known a dissolution. Some solute particles in solution collide with
the solid solute particles and get separated out of solution. This
process is known a crystallisation. A stage is reached when the two
processes occur at the same rate. Under such conditions, number of
solute particles going into solution will be equal to the solute particles
separating out and a state of dynamic equilibrium is reached.

Solute + Solvent = Solution

Solubility of a Gas in a Liquid

Many gases dissolve in water. Oxygen dissolves only to a small
amount in water. It is this dissolved oxygen which sustains all
aquatic-like the other hand, hydrogen chloride gas (HC/) is highly

[112]



soluble in water. Solubility of gases in liquid is greatly affected by
pressure and temperature. The solubility of gases increase with
increase of pressure. For solution of gases in a solvent, consider a
system as shown in Fig. The lower part is solution and the upper
part is gaseous system at pressure p and temperature T. Assume this
system to be in a state of dynamic equilibrium. i.e.. under these
conditions rate of gaseous particles entering and leaving the solution
phase is the same. Now increase the pressure over the solution phase
by compressing the gas to a smaller volume. This will increase the
number of gaseous particles per unit volume over the solution and
also the rate at which the gaseous particles are striking the surface
of solution to enter it. The solubility of the gas will increase until a
new equilibrium is reached resulting in an increase in the pressure
of a gas above the solution and thus its solubility increases.
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Liquid-liquid solutions can be classified into ideal and non-
ideal solutions on the basis of Raoult's law.

IDEAL SOLUTIONS

The solutions which obey Raoult's law over the entire range
of concentration are known as ideal solutions. The ideal solutions
have two other important properties. The enthalpy of mixing of the
pure components to form the solution is zero and the volume of
mixing is also zero.

[t means that no heat is absorbed or evolved when the
components are mixed. Also, the volume of solution would be equal
to the sum of volumes of the two components. At molecular level,
ideal behaviour of the solutions can be explained by considering two
components A and B. In pure components, the intermolecular
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attractive interactions will be of types A-A and B-B. whereas in the
binary solutions in addition to these two interactions, A-B type of
interactions will also be present. If the intermolecular attractive
forces between the A-A and B-B are nearly equal to those between
A-B, this leads to the formation of ideal solution. A perfectly ideal
solution is rare but some solutions are nearly ideal in behaviour.
Solution of n-hexane and n-heptane, bromoethane and chloroethane,
benzene and toluene, etc. fall into this category.

NON-IDEAL SOLUTIONS

When a solution does not obey Raoult's law over the entire
range of concentration, then it 1s called non-ideal solution. The
vapour pressure of such a solution 1s either higher or lower than that
predicted by Raoult's law. If it is higher, the solution exhibits positive
deviation and if it is lower, it exhibits negative deviation from
Raoult's law..

The cause for these deviations lie in the nature of interactions
at the undemolecular level. In case of positive deviation from Raoult's
law. A-B interactions are weaker than those between A-A or B-B,
1.e., in this case the intermolecular attractive forces between the
solute-solvent molecules Ware weaker than those between the solute-
solute and solvent-solvent molecules. This means that in such
solutions, molecules of A (or B) will find it easier to escape than in
pure state. This will increase the vapour pressure and result in
positive deviation. Mixtures of ethanol and acetone behave in this
manner. In pure ethanol, molecules are hydrogen bonded. On adding
acetone, its molecules get in between the host molecules and break
some of the hydrogen bonds between them. Due to weakening
interactions, the solution shows positive deviation from Raoult's law.
In a solution formed by adding carbon disulphide te acetone, the
dipolar interactions between solute-solvent molecules are weaker
than the respective interactions among the solute-solute and solvent-
solvent molecules. This solution also shows positive deviation.

OSMOSIS AND OSMOTIC PRESSURE

There are many phenomena which we observe in nature or at
home For example, raw mangoes shrivel when pickled in brine (salt
water), wilted flowers revive when placed in fresh water, blood cells
collapse when suspended in saline water, etc. If we look into these
processes we find one thing common in all that is, all these
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substances are bound by membranes These membranes can be animal
or vegetable origi and these occur natural such as pig's bladder
parchment or can be synthetic such as cellophan These membranes
appear be continuous sheets films, yet they contain holes or pores.
Small solvent molecules, like water, can pass through these holes
but the passage of bigger molecules like solute is hindered.
Membranes having this kind of properties are known as
semipermeable membranes (SPM).

Assume that only solvent molecules can pass through these
semi-permeable membranes. If this membrane is placed between the
solvent and solution as shown in Fig., the solvent molecules will flow
through the membrane from pure solvent to the solution. This process
of flow of the solvent is called osmosis.

The flow will continue till the equilibrium is attained. The flow
of the solvent from its side to solution side across a semipermeable
membrane can be stopped if some extra pressure i1s applied on the
solution. This pressure that just stops the flow of solvent is called
osmotic pressure of the solution. The flow of solvent from dilute
solution to the concentrated solution across a semipermeable
membrane is due to osmosis. The important point to be kept in mind
is that solvent molecules always flow from lower concentration to
higher concentration of solution. The osmotic pressure has been
found to depend on the concentration of the solution.
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Lne properues OI Solutions wnich aepena on tne numoer or
solute particles and are independent of their chemical identity are
called colligative properties. These are lowering of vapour pressure,
elevation of boiling point, depression of freezing point and osmotic
pressure. The process of osmosis can be reversed if a pressure higher
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than the osmotic pressure is applied to the solution. Colligative
properties have been used to determine the molar mass of solutes.
Solutes which dissociate in solution exhibit molar mass lower than
the actual molar mass and those which associate show higher molar
mass than their actual values.

Quantitatively, the extent to which a solute is dissociated or
associated can be expressed by vanit Hoff factor i This factor has
been defined as ratio of normal molar mass to experimentally
determined molar mass or as the ratio of observed colligative
property to the calculated colligative property.
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