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Vapor Pressure of Solutions
• the vapor pressure of a solvent above a 

solution is lower than the vapor pressure of 
the pure solvent

the solute particles replace some of the solvent 
molecules at the surface
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Thirsty Solutions

• a concentrated solution will draw solvent 
molecules toward it due to the natural drive for 
materials in nature to mix

• similarly, a concentrated solution will draw pure 
solvent vapor into it due to this tendency to mix

• the result is reduction in vapor pressure
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Raoult’s Law

• the vapor pressure of a volatile solvent above a 
solution is equal to its mole fraction of its 
normal vapor pressure, P°

Psolvent in solution = χsolvent·P°
since the mole fraction is always less than 1, the 
vapor pressure of the solvent in solution will always 
be less than the vapor pressure of the pure solvent
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Ionic Solutes and Vapor Pressure
• according to Raoult’s Law, the effect of solute on 

the vapor pressure simply depends on the number 
of solute particles

• when ionic compounds dissolve in water, they 
dissociate – so the number of solute particles is a 
multiple of the number of moles of formula units

• the effect of ionic compounds on the vapor 
pressure of water is magnified by the dissociation

since NaCl dissociates into 2 ions, Na+ and Cl−, one 
mole of NaCl lowers the vapor pressure of water twice 
as much as 1 mole of C12H22O11 molecules would
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Effect of Dissociation
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Raoult’s Law for Volatile Solute
• when both the solvent and the solute can evaporate, 

both molecules will be found in the vapor phase
• the total vapor pressure above the solution will be the 

sum of the vapor pressures of the solute and solvent
for an ideal solution

Ptotal = Psolute + Psolvent
• the solvent decreases the solute vapor pressure in the 

same way the solute decreased the solvent’s
Psolute = χsolute·P°solute and Psolvent = χsolvent·P°solvent
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Ideal vs. Nonideal Solution
• in ideal solutions, the made solute-solvent 

interactions are equal to the sum of the broken 
solute-solute and solvent-solvent interactions

ideal solutions follow Raoult’s Law
• effectively, the solute is diluting the solvent
• if the solute-solvent interactions are stronger or 

weaker than the broken interactions the solution 
is nonideal
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Vapor Pressure of a 
Nonideal Solution

• when the solute-solvent interactions are stronger than 
the solute-solute + solvent-solvent, the total vapor 
pressure of the solution will be less than predicted by 
Raoult’s Law

because the vapor pressures of the solute and solvent are 
lower than ideal

• when the solute-solvent interactions are weaker than 
the solute-solute + solvent-solvent, the total vapor 
pressure of the solution will be larger than predicted by 
Raoult’s Law
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Deviations from Raoult’s Law
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Freezing Point Depression
• the freezing point of a solution is lower than the freezing 

point of the pure solvent
for a nonvolatile solute
therefore the melting point of the solid solution is lower

• the difference between the freezing point of the solution 
and freezing point of the pure solvent is directly 
proportional to the molal concentration of solute particles

(FPsolvent – FPsolution) = ΔTf = m·Kf
• the proportionality constant is called the Freezing Point 

Depression Constant, Kf
the value of Kf depends on the solvent
the units of Kf are °C/m
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Kf



5

Tro, Chemistry: A Molecular Approach 13

Boiling Point Elevation
• the boiling point of a solution is higher than the boiling 

point of the pure solvent
for a nonvolatile solute

• the difference between the boiling point of the solution 
and boiling point of the pure solvent is directly 
proportional to the molal concentration of solute 
particles

(BPsolution – BPsolvent) = ΔTb = m·Kb
• the proportionality constant is called the Boiling Point 

Elevation Constant, Kb
the value of Kb depends on the solvent
the units of Kb are °C/m
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Colligative Properties
• colligative properties are properties whose value 

depends only on the number of solute particles, and not 
on what they are

Vapor Pressure Depression, Freezing Point Depression, 
Boiling Point Elevation, Osmotic Pressure

• the van’t Hoff factor, i, is the ratio of moles of solute 
particles to moles of formula units dissolved

• measured van’t Hoff factors are often lower than you 
might expect due to ion pairing in solution
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