Part 4

Raoult’s law tells us that the vapour pressure of a solution is lower than
the vapour pressure of the pure solvent.

What does this mean for
the phase diagram?
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Boiling point elevation
When a non-volatile solute is added to a liquid solvent, the vapour pressure
decreases.
Vapour pressure depression leads to a boiling point elevation.
This can be quanitified:
∆Tb = i · Kb · b
∆Tb = Tb(solution) – Tb(solvent)
Kb
b
i

boiling point elevation
ebullioscopic constant
molality of the solution
van’t Hoff factor

The ebullioscopic constant is characteristic for the solvent (and independent of
the solute).

Freezing point depression
When a non-volatile solute is added to a liquid solvent, the vapour pressure
decreases.
Vapour pressure depression leads to a freezing point depression.
This can be quanitified:
∆Tf = i · Kf · b
∆Tf = Tf(solvent) – Tf(solution)
Kf
b
i

boiling point elevation
cryoscopic constant
molality of the solution
van’t Hoff factor

The cryoscopic constant is characteristic for the solvent (and independent of the
solute).

A membrane keeps mixtures and
solutions organised and separated.

Semi-permeable membranes allow
selective substances to pass through.

Dialysis occurs when a dialysing
membrane allows both water and
small solute particles through.

Osmosis is a net shift of only solvent
through an osmotic membrane.
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Osmosis

Osmosis occurs in the direction of net
movement of solvent from the more
dilute solution (or pure solvent) into the
more concentrated solution.
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Osmosis

The pressure needed to
prevent any osmotic flow
when one of the liquids is
a pure solvent is called
the osmotic pressure of
the solution.
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Osmotic pressure

… illustrated in a system without an osmotic
membrane.
Because the vapour pressure of pure water is
greater than the vapour pressure of an aqueous
solution, there is a net transfer of water
molecules from the beaker with pure water to
the beaker with the aqueous solution.
This concept is applied in the vapour diffusion
method used for (protein) crystallisation.
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Osmotic pressure

Osmotic pressure: Quantification
The van’t Hoff equation for osmotic pressure in dilute aqueous solution:
Π=i·c·R·T
Π
R = 8.3144 J K-1 mol-1
c
i

or

Π·V=i·n·R·T

osmotic pressure
gas constant
molar concentration
van’t Hoff factor

Osmotic pressure: What about the units?
Π=i·c·R·T

The osmotic pressure has units of pressure.
Note the factor of 103 when using the usual
molar concentration units.

Osmotic pressure can be measured in an
instrument called osmometer.
When solvent moves into the solution enclosed by
an osmotic membrane, the level of the solution in
the capillary rises.
The height difference is proportional to the osmotic
pressure of the solution.

Figure from Blackman et al. (2016) Chemistry. 3rd Edn., Wiley

Osmotic pressure: Measurement

Cells are surrounded by an osmotic membrane.
A solution that has the same osmotic pressure as red blood cells is isotonic with
red blood cells.
A solution that has higher salt concentration is hypertonic.
A solution with a lower osmotic pressure is hypotonic.
Cells surrounded by …
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Osmotic pressure

… is a popular method of water
desalination.
Water flows spontaneously through
an osmotic membrane from a dilute
into a highly concentrated solution of
electrolytes.
This flow establishes an osmotic
pressure.
Kurnell desalination plant in Sydney

If a pressure higher than the osmotic
pressure is applied to the solution
with higher concentration, the flow of
water is reversed.
The reversal of this flow results in
purified water.
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Reverse osmosis

Solute dissociation
∆Tb = i · Kb · b
∆Tf = i · Kf · b
Π=i·c·R·T

The van’t Hoff factor i informs about the degree of
dissociation of the solute.
At a first glance, one might assume that solutes
dissociate according to their empirical formula:
Solute

Dissociated
species

Dissociation
factor

Rock salt

NaCl(s)

Na+(aq) + Cl-(aq)

2

Potash

K2SO4(s)

2 K+(aq) + SO42-(aq)

3

Glucose

C6H12O6(s)

C6H12O6(aq)

1

Solute dissociation
∆Tb = i · Kb · b
∆Tf = i · Kf · b
Π=i·c·R·T

The van’t Hoff factor i informs about the degree of
dissociation of the solute.
At a first glance, one might assume that solutes
dissociate according to their empirical formula.
However, full dissociation is typically only attained
at very high dilution (i.e. at very low
concentrations of solute).

Measurement of solute dissociation
With increasing dilution, solutes behave more and more as if they were 100%
dissociated.
The actual degree of dissociation is captured by the van’t Hoff factor (i).
Colligative properties can be used to determine the value of i:

Measurement of solute dissociation: Example
∆Tf = i · Kf · b

NaCl(s)

Na+(aq) + Cl-(aq)

The molal freezing point depression (cryoscopic) constant for water is
Kf = 1.86 kg K mol-1. We study a solution of rock salt with molality b = 1.00 mol kg-1.
Theoretically:

Full dissociation yields a dissociation factor of 2.
∆Tf = 2 · 1.86 kg K mol-1 · 1.00 mol kg-1 = 3.72 K

Observation:

1.00 mol kg-1 NaCl freezes at -3.37°C.
∆Tf = 3.37 K

van’t Hoff factor for b = 1.00 mol kg-1:

i = 2 · 3.37 K / (3.72 K) = 1.81

Solute dissociation

Solute dissociation
Some molecular solutes produce smaller colligative effects than their molal
concentrations would lead us to predict.
Often evidence of solute molecules clustering or undergoing association in
solution.

Colligative properties are dependent on the number of solute particles.
Raoult’s law shows that the pressure above a solution is proportional to the mole
fraction of the solvent. A solution of non-volatile solutes therefore shows vapour
pressure depression compared to the pure solvent.
Each component in an ideal solution obeys Raoult’s law.
Vapour pressure depression due to non-volatile solutes cause boiling point
elevation and freezing point depression.

Osmosis is the passage of solvent only through a semi-permeable membrane.
Suitable membranes are thus called osmotic membranes.
Osmosis results in a net shift of solvent from the side less concentrated in solute
to the side of more concentrated solute.
The osmotic pressure, Π, is that required to stop this net flow.
The van’t Hoff factor (i) measures the degree of dissociation of an electrolyte in
solution.
As a solution becomes more dilute, the degree of dissociation increases.

