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Colligative Properties

A colligative property may be defined as one which depends on the number of particles
in solution and not in any way on the size or chemical nature of the particles.

Four properties of dilute solutions

✓ Valuable methods for finding the molecular weights of dissolved substances

Related properties; 
if one can be measured; 
others can be calculated

The term "colligative"
originates from the Latin word
"colligatus," which means
"bound together" or
"connected."



Lowering of Vapour Pressure

The relative lowering of the vapour pressure of a dilute
solution is equal to the mole fraction of the solute present
in dilute solution.

The vapour pressure of a pure solvent decreases when a non-volatile solute is dissolved in it.
Sucrose, Glucose, Urea

Raoult’s Law

𝑝−𝑝𝑠

𝑝
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p is the vapour pressure of the solvent 
ps is the vapour pressure of the solution

n = number of moles or molecules of solute
N = number of moles or molecules of solvent.



Derivation of Raoult’s Law

The vapour pressure of the solution is, therefore,
determined by the number of molecules of the
solvent present at any time in the surface which is
proportional to the mole fraction. That is,



Lowering of Vapour Pressure

A solution which obeys Raoult’s law strictly is called an Ideal solution. 

A solution shows deviations from Raoult’s law is called a Nonideal or Real solution.

The boiling point of the solution increases/elevates. 

Since the vapor pressure of the solution is lower than that of the pure solvent, it will take more energy

(heat) to raise the vapor pressure to the atmospheric pressure and cause the liquid to boil.

This is because the freezing point is the temperature at which the liquid becomes a solid. When a non-

volatile solute is added to the solvent, it interferes with the formation of the crystal lattice of the solvent

molecules, making it harder for them to come together and freeze.

The freezing point of the solution decreases/depresses. 



Lowering of Vapour Pressure



Lowering of Vapour Pressure



Deviations from Raoults’s Law

Suppose the molecules of the solvent and solute are represented by A and B respectively. Now, let γAB be the

attractive force between A and B, and γAA between A and A. If

The solution will show the same vapour pressure as

predicted by Raoult’s law

γAB = γAA v. p. = less v. p. = more



Measurements of lowering of Vapour pressure 

Barometric Method

Manometric Method

Ostwald and Walker’s Dynamic Method



Numericals



Elevation of Boiling Point 

If Tb is the boiling point of the solvent and T is the boiling
point of the solution, the difference in the boiling points
(ΔT) is called the elevation of boiling point.

T – Tb = ΔT

Boiling Point!!



Elevation of Boiling Point 

The vapour pressure curves of pure solvent, and
solutions (1) and (2) with diff. concentrations of solute

For dilute solutions, the curves BD and CE are parallel
and straight lines approximately. Therefore, for similar
triangles ACE and ABD,

where p – p1 and p – p2 are lowering of vapour pressure 
for solution (1) and solution (2), respectively.

The elevation of boiling point is directly
proportional to the lowering of vapour pressure.

ΔT ∝ p – ps



Elevation of Boiling Point 



Elevation of Boiling Point 

Molal elevation constant may be defined as the boiling-point elevation produced when 1 mole of solute 

is dissolved in one kg (1000 g) of the solvent.

where Kb is a constant called Boiling point constant or Ebulioscopic constant of molal elevation constant. 

If w/m = 1, W = 1, Kb = ΔT. Thus,

MEASUREMENT 

Landsberger-Walker Method

Cottrell’s Method

ΔTb = Kb . m

Converted into kg



Depression of Freezing Point

Lowers the freezing point of a liquid when another substance is dissolved in it

• Salting of icy roads

Vodka: Why it does not freeze in the freezer?



Depression of Freezing Point

Tf – T1 = ΔT

The difference of the freezing point of the pure solvent and
the solution is referred to as the Depression of freezing point.

When more of the solute is added to the solution 1, we get a
more concentrated solution (solution 2.) The vapour
pressure of solution 2 meets the freezing-point at C,
indicating a further lowering of freezing point to T2.

For dilute solutions FD and CE are approximately parallel
straight lines and BC is also a straight line. Since the triangles
BDF and BEC are similar,

ΔT ∝ p – psEquilibrium between the liquid state
and the solid state of the solventTf



Depression of Freezing Point



Depression of Freezing Point

Determination of Molecular Weight from Depression of Freezing point

where Kf is a constant called Freezing-point constant or Cryoscopic constant or Molal depression constant.

ΔTf = Kf . m

Converted into kg



Depression of Freezing Point



Depression of Freezing Point

[ W = d * V ]



Osmosis

Osmosis is the movement of solvent molecules, usually

water, across a semipermeable membrane from a region
of lower solute concentration to a region of higher solute
concentration, in order to equalize the concentration on
both sides of the membrane.

A membrane which is permeable to solvent and not to
solute, is called a semipermeable membrane.

‘Osmos’ = to push

[Cupric Ferrocyanide Membrane]



Osmotic Pressure

to arrest the movement of solvent

External Pressure



Osmotic Pressure

Hydrostatic pressure

The hydrostatic pressure built up on the solution
which just stops the osmosis of pure solvent into
the solution through a semipermeable membrane,
is called Osmotic Pressure.

Any real life example??



Reverse Osmosis

Osmosis taking place from
solution to fresh water

If pressure greater than osmotic pressure is
applied, osmosis is made to proceed in the
reverse direction to ordinary osmosis i.e.,
from solution to water.



Reverse Osmosis

NaCl (High Conc.)



Van’t Hoff Laws of osmotic pressure

From a study of the experimental results obtained by Pfeffer, van’t Hoff showed that for dilute solutions :

(a) The osmotic pressure of a solution at a given temp. is directly proportional to its concentration.

(b) The osmotic pressure of a solution of a given concentration is directly proportional to the absolute temp.

Boyle-van’t Hoff Law for Solutions

If π is the osmotic pressure and C its concentration

we can write, π ∝ C, if temperature is constant.

This relationship is similar to the Boyle’s law for gases and is known as the Boyle-van’ t Hoff law for solutions.

If the conc. of the solute is expressed in
moles per litre and V is the vol. of the
solution that contains 1 mol of solute



Van’t hoff Laws of osmotic pressure

Charles-van’t Hoff Law for Solutions

If T is the absolute temperature, from the statement (b), we can write,

This relationship is similar to the Charles’ Law for gases and is known as Charles-van’t Hoff law for solutions.

π ∝ T, if concentration is constant



Van’t hoff Laws of osmotic pressure

Van’t Hoff Equation for Solutions



Van’t hoff Laws of osmotic pressure

Avogadro-van’t Hoff Law for Solutions



Van’t hoff Laws of osmotic pressure


