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A colligative property is one that depends on the concentration of the solute but

not on the nature of the solute.

Raoult’s law states that the vapor pressure of the solvent decreases linearly as
the mole fraction of the solute increases.
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Raoult’s law states that as solute is added to a
solution the vapor pressure of the solvent
decreases.

In an ideal solution, solute molecules are
completely free to move around and disperse, which
increases the entropy of the system. If molecules of
the solvent move into the gas phase, the volume of
the solvent is reduced, and therefore the entropy of
the solution decreases. This decrease in entropy
stabilizes the liquid phase. Vapor pressure
decreases as a result.
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Using Raoult’s law, a change in the vapor pressure
of 78.0 g of benzene after 6.40 g of naphthalene is
dissolved can be calculated from the mole fraction
of the solvent and its original vapor pressure
(0.1252 atm).

First, the moles of benzene and moles of
naphthalene must be calculated in order to obtain
the mole fraction of benzene.

The mole fraction of the solvent and its original
vapor pressure are then plugged into Raoult’s law to
give the new vapor pressure.
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When there are significant attractions between
solute and solvent, AH is negative (exothermic), and
the liquid phase is further stabilized. This means
more energy is required to go from liquid to vapor.
The vapor pressure will be lower than that expected
for an ideal solution.

If the addition of solute causes more bonds between
solvent molecules to be disrupted, then AH will be
positive (endothermic). The formation of solution
costs energy, and therefore less energy is required
to convert solvent molecules from liquid to vapor.
The vapor pressure will be higher than that
expected for an ideal solution.
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Boiling Point Elevation and Freezing Point Depression

As solute is added to a solvent, the vapor pressure of the solvent decreases,
increasing the boiling point of the solution.

As more solute is added and the vapor pressure drops, the triple point of the
solution decreases causing a depression in the freezing point.

Mathematical relationships relating the concentration of solute to the change in
freezing or boiling point are AT; = — Kim and AT, = K,m.

As solute is added to a solvent, the vapor pressure
of the solvent decreases, increasing the boiling
point of the solution. The normal boiling point is
the temperature at which the liquid-vapor boundary
crosses one atmosphere. According to Raoult’s
law, when solute is added, the vapor pressure is
lowered, raising the boiling point.

This effect of solute on the boiling point of a solvent
is known as boiling point elevation. Boiling point
is a colligative property, depending on the amount
of solute, not its identity.

Phase boundary of: When the vapor pressure drops, the temperaf[ure at
— pure solvent ] which the triple point occurs also drops, causing the
— ideal solution - / solid-liquid boundary to shift to the left. This shift of

the solid-liquid boundary results in a decreased

freezing point.

This effect of solute on the freezing point of a

| solvent is known as freezing point depression.
[ Like boiling point elevation, it is also a colligative
! property.

triple point boiling point T
decreases increases

__ maolal The mathematical expressions for the relationship
SOnGaNTaToN between solute concentration and change in
I _ mosel not molart freezing and boiling point are shown to the left.
change in  boiling mricles. sohute
bolling point _point M = kg soivent The term AT, represents the change in the boiling
constant otice °=" sign fir point between the pure solvent and the solution.
depression

boiling point elevation | ﬂTb = K.m

Ky (or Ks) represents a boiling (or freezing) point
freezing mm|&Tf - Kfm constant, which is specific to the solvent. The larger

T \mulal the constant, the more pronounced the effect on the
change in freezing COMCEntration boiling or freezing point.

freezing point point depression
consteat Concentration is in molality (m) (moles solute per

kilogram solvent).
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Combustion analysis can be used to identify the ratios of elements in an

unknown sample.

Boiling point elevation can provide information useful in identifying an unknown

substance.

Dnurmmlng an unknown substance

stratogy:
1. combustion anal Y5IS = 2mipir ical formula
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Ratio C:H
7.B1:6.3 or 5:4
The substance could be CsHy, CigHg, Ci5Hiz. - .

Combustion analysis can be used to identify the
ratios of elements in an unknown sample.

In the example, the ratios by weight of the amounts
of carbon and hydrogen in the unknown are divided
by their atomic weight to obtain the molar mass
ratios. The molar mass ratio is simplified to whole
numbers giving the empirical formula for the
compound.
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molecular formula
5.00g

- g CyoHg is naphthalene
0.0391 mol solute 1285q

or MOTHBALLS!

Boiling point elevation can provide information
useful in identifying an unknown substance. Boiling
point elevation can be used to calculate the
molecular weight of the unknown. Combining the
molecular weight with the empirical formula gives
the molecular formula for the unknown.

In the example, the relationship between
concentration and boiling point elevation is used to
calculate the number of moles of solute. The
number of moles of solute is used with the known
weight of solute (5.00 g) to calculate the molecular
weight of the solute. The molecular weight is found
to be twice the molecular weight of the empirical
formula, leading to the conclusion that the unknown
compound is naphthalene (CoH,)
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Osmosis

Osmotic pressure is the most sensitive colligative
property.

The example illustrates the ease of measuring
osmotic pressure (as the height of the solution)
compared to the measures for the other colligative
properties of the solution.

An application of the osmotic pressure relations
allows the determination of the height to which a
maple tree is able to raise sap.

The concentration of the sap solution is used to
calculate the osmotic pressure (). Using the
osmotic pressure and the density of the sap
(converting atmospheres to pascals ) allows the
calculation of the height of the column of sap.

The osmotic pressure generated by the sugar
solution in a maple tree is able to raise sap to a
height of about 25 meters.
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