
5.4 Liquid Mixtures 

Key points 
1.  The Gibbs energy of mixing of two liquids to 

form an ideal solution is calculated in the same 
way as for two perfect gases 

2.  A regular solution is one in which the entropy of 
mixing is the same as for an ideal solution but 
the enthalpy of mixing is non-zero 



(a) Ideal solutions 
•  The Gibbs energy of mixing of two liquids to form an ideal solution 

is calculated in the same way as for two gases 
•  The total Gibbs energy before they are mixed 

•  When they are mixed, 
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ΔmixG = nRT xA ln xA + xB ln xB( )
ΔmixS= −nR xA lnxA + xB lnxB( )
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(a) Ideal solutions 
•  The ideal enthalpy of mixing is zero 

•  Because the Gibbs energy of mixing is independent of p, 

•  The driving force for mixing is increasing the entropy of the 
system 

•  The solution ideality means something different from gas 
perfection; 
•  In a perfect gas there are no forces between molecules 
•  In ideal solutions there are interactions, but the average 

energy of A-B is the same as that of A-A and B-B 
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(a) Ideal solutions 
•  Real solutions are composed of particles for which A-A, A-B, and 

B-B interactions are all different 
•  Enthalpy and volume change when liquids mix 
•  There may be an additional contribution to the entropy; a certain 

type of molecules tend to cluster 
•  If the enthalpy change is large and positive or if the entropy 

change is adverse, the Gibbs energy of mixing might be positive. 

•  The separation is spontaneous and liquids may be immiscible 
•  Liquids may be partially miscible because they are miscible only 

over a certain range of composition 
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ΔmixG = ΔmixH−TΔmixS



(b) Excess functions and regular solutions 
•  The excess function, XE : the difference 

between the observed thermodynamic function 
of mixing and the function for an ideal solution  

•  The excess entropy 

•  The excess enthalpy and volume are both 
equal to the observed enthalpy and volume of 
mixing. 

•  The regular solutions : HE ≠ 0 and SE = 0  
•  A regular solution in which two kinds of 

molecules are distributed randomly but 
have different energies of interactions with 
each other 
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SE = ΔmixS −ΔmixS
ideal

H E = nξRTxAxB



(b) Excess functions and regular solutions 
•  A regular solution in which two kinds of 

molecules are distributed randomly but 
have different energies of interactions 
with each other 

•  ξ : a dimensionless parameter that is a 
measure of AB interactions relative to 
that of AA and BB interactions 
•  ξ < 0 : exothermic, favors mixing 
•  ξ > 0 : endothermic 
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H E = nξRTxAxB

ΔmixG = nRT xA ln xA + xB ln xB +ξ xAxB( )



(b) Excess functions and regular solutions 
•  The Gibbs energy of mixing varies with 

composition for different values of ξ 
•  ξ > 2 : the Gibbs energy of mixing has two 

minima separated by a maximum 
•  The system will phase-separate into 

two phases with compositions 
corresponding to the two minima 
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ΔmixG = nRT xA ln xA + xB ln xB +ξ xAxB( )



5.5 Colligative properties 
Key points 

1.  A colligative property depends only on the 
number of solute particles present, not their 
identity 

2.  All the colligative properties stem from the 
reduction of the chemical potential of the liquids 
solvent as a result of the presence of solute 

3.  The relation of the osmotic pressure to the molar 
concentration of the solute is given by the van’t 
Hoff equation and is a sensitive way of 
determining molar mass 

4.  Assumptions : (A) the solute is not volatile and (B) the solute 
does not dissolve in the solid solvent  



(a) The common features of colligative properties 
•  All the colligative properties stem from 

the reduction of the chemical potential of 
the liquid solvent as a result of the 
present of solute 

•  There is no direct influence of the solute 
on the chemical potential of the solvent 
vapor and the solid solvent because the 
solute appears in neither the vapor nor 
the solid 
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µA =µA
∗ +RTlnxA



(a) The common features of colligative properties 
•  The lowering of the chemical potential 

occurs even in an ideal solution.  
•  The lowering of the chemical potential is an 

entropy effect 
•  When a solute is present, there is an 

additional contribution to the entropy of 
the liquid, even in an ideal solution 

•  Because the entropy of the liquid is already 
higher than that of the pure liquid, there is 
a weaker tendency to form the gas 

•  The effect of the solute appears as a 
lowered vapor pressure, and hence a 
higher boiling point 

•  Similarly, the enhanced molecular 
randomness of the solution opposes the 
tendency to freeze, lowering the freezing 
point 

5.5 Colligative properties 



(b) The elevation of boiling point 
•  The heterogeneous equilibrium is between 

the solvent vapor and the solvent in 
solution at 1 atm 

•  The above equations make no reference to 
the identity of the solute 

 
•  Kb is the empirical boiling-point constant 

and b is the molality of the solute 
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µ∗
A g( ) = µA

∗ l( )+ RT ln xA

ΔT = KxB K =
RT ∗2

ΔvapH

ΔT = Kbb



(c) The depression of freezing point 
•  The heterogeneous equilibrium is between 

the pure solid solvent A and the solution 
with solute present at xB 

•  The above equations make no reference to 
the identity of the solute 

 
•  Kf is the empirical freezing-point constant 

and b is the molality of the solute 

5.5 Colligative properties 

µ∗
A s( ) = µA∗ l( )+ RT ln xA

ΔT = "K xB !K =
RT ∗2

ΔfusH

ΔT = Kfb



(d) Solubility 
•  Solubility is not a colligative property 
•  When a solid solute is left in contact with a 

solvent, it dissolves until the solution is 
saturated 

•  Saturation is a state of equilibrium 

•  The above equation fails to predict that 
solutes will have different solubilities in 
different solvent, for nor solvent properties 
appear in the expression : the ideality of 
solutions 
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(e) Osmosis 
•  Osmosis : the spontaneous passage of 

a pure solvent into a solution separated 
by a semipermeable membrane 

•  The osmotic pressure (Π) : the pressure 
that must be applied to the solution to 
stop the influx of solvent 

•  Dialysis and Osmometry 
•  The chemical potential of the solvent 

must be the same on each side of the 
membrane 

•  van’t Hoff equation  
 

•  For non-ideal solutions with large 
solutes such as proteins and polymers, 
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Π = B[ ]RT B[ ] = nB V

Π = J[ ]RT 1+B J[ ]+{ }


