COLLIGATIVE PROPERTIES OF WATER

The property of a solution that is dependent on the ratio between the total numbers of solute
particles (in the solution) to the total number of solvent particles is called its colligative

property.
Colligative properties are not dependent on the chemical nature of the solution’s components.

Thus, colligative properties can be linked to several quantities that express the concentration
of a solution, such as molarity, normality, and molality.

The four colligative properties of a solution are:

v Relative lowering of vapour pressure
v Boiling point elevation (rise)

v' Freezing point depression (lowering)
v Osmotic pressure

We can further consider colligative properties as those properties that are obtained by the
dissolution of a non-volatile solute in a volatile solvent. Generally, the solvent properties are
changed by the solute where its particles remove some of the solvent molecules in the liquid
phase. This also results in the reduction of the concentration of the solvent. Colligative
properties are said to be inversely proportional to the solute molar mass.

Examples of Colligative Properties

1. If we add a pinch of salt to a glass full of water its freezing temperature is lowered
considerably than the normal temperature. Its boiling temperature is also increased and the
solution will have a lower vapour pressure. There are changes in its osmotic pressure as well.

2. If we add alcohol to water, the solution’s freezing point goes down below the normal
temperature that is observed for either pure water or alcohol.

Types of Colligative Properties of Solution

The different types of colligative properties of a solution are -

1. Lowering of VVapour Pressure

In a pure solvent, the entire surface is occupied by the molecules of the solvent. If a non-
volatile solute is added to the solvent, the surface now has both solute and solvent molecules;
thereby fraction of surface covered by solvent molecules gets reduced. Since the vapour
pressure of the solution is solely due to solvent, at the same temperature the vapour pressure of
the solution is found to be lower than that of the pure solvent. nupsimyjus comijeeicotiigative-properties/
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If Po is the vapour pressure of pure solvent and Ps is the vapour pressure of the solution. The
difference Po — Ps is termed as lowering in vapour pressure. The ratio Po — Ps/ Po is known as
the relative lowering of vapour pressure.

2. Elevation in Boiling Point

The boiling point of a liquid is the temperature at which the vapour pressure is equal to
atmospheric pressure. We know that on the addition of a non-volatile liquid to a pure solvent,
the vapour pressure of a solution decrease. Therefore to make vapour pressure equal to
atmospheric pressure we have to increase the temperature of the solution. The difference in the
boiling point of the solution and the boiling point of the pure solvent is termed as elevation in
boiling point.

If T is the boiling point of the pure solvent and Tb is the boiling point of the solution then
elevation in boiling point is given as

ATb =T°-Tb

3. Depression in Freezing Point

The freezing point of a substance is defined as the temperature at which the vapour pressure of
its liquid is equal to the vapour of the corresponding solid. According to Raoult’s law when a
non-volatile solid is added to the solvent its vapour pressure decreases and now it would
become equal to that of solid solvent at a lower temperature. The difference between the
freezing point of the pure solvent and its solution is called depression in freezing point.

If T%is the boiling point of the pure solvent and Tr is the boiling point of the solution then
depression in freezing point is given as

AT =T%Ts

4. Osmotic Pressure

When a semipermeable membrane is placed between a solution and solvent, it is observed that
solvent molecules enter the solution through the semipermeable membrane and the volume of
the solution increases. The semi-permeable membrane allows only solvent molecules to pass
through it but prevents the passage of bigger molecules like solute. This phenomenon of the
spontaneous flow of solvent molecules through a semipermeable membrane from a pure
solvent to a solution or from a dilute to a concentrated solution is called osmosis.

The flow of solvent molecules through the semipermeable membrane can be stopped if some
extra pressure is applied from the solution side. This pressure that just stops the flow of solvent
is called osmotic pressure of the solution.

Osmotic pressure =
Applied pressure
to stop osmosis
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Osmotic pressure is a colligative property as it depends on the number of solute present and
not on the nature of the solute.

Different types of Solutions

[sotonic solution

Hypotonic solution Hypertonic solution

illustration  https://byjus.com/jee/colligative-properties/

o Isotonic solution: Two solutions having the same osmotic pressure at a given
temperature are known as an isotonic solution. When such solutions are separated by a
semi-permeable membrane than there is no osmosis.

« Hypotonic solution: A hypotonic solution has a lower osmotic pressure than that of the
surrounding, i.e, the concentration of solute particles is less than that of the surrounding.
If the hypotonic solution is separated by semipermeable membrane then water moves
out of the hypotonic solution.

o Hypertonic solution: A hypertonic solution has a higher osmotic pressure than that of
the surrounding, i.e, the concentration of solute particles is more than that of the
surrounding. If the hypertonic solution is separated by semipermeable membrane then
water moves inside the hypertonic solution.

Water as a solvent

e Solubility depends on the ability of a solvent to interact with a solute more strongly
than solute particles interact with each other.

e Water is said to be a universal solvent because it dissolves more types of substances
and in greater amounts than any other solvent.

e The polar character of water makes it an excellent solvent for polar and ionic materials,
which are said to be Hydrophilic

e On the other hand, non-polar substances are virtually insoluble in water and are
described as hydrophobic.

e Nonpolar substances dissolve in nonpolar solvents such as CCls and hexane. (Like
dissolves like)

e Most biological molecules have polar and nonpolar segments and are therefore
simultaneously hydrophilic and hydrophobic. Such molecules are called Amphiphilic
and Amphipathic. example - fatty acid

Reference Books:  Fundamentals of Biochemistry — J.L. Jain
Fundamentals of Biochemistry- Donald Voet et al.
Principles of Biochemistry — Lehninger
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