
CH.6 Fugacities in Liquid Mixtures: Excess Functions 

 

Calculation of fugacities from volumetric properties for condensed phases is often not practical 

because it requires volumetric data for the entire density range including the two-phase region. 

For liquid solutions, usual practice is to describe deviations from ideal behavior in terms of excess 

function, which yield the activity coefficient. 

 

The activity coefficient gi has no significance unless 0if  the fugacity at the standard state is 

specified. 

The solution ideality ( 1=ig ) is not complete without the choice of standard state. 

Ideal solution in the sense of Raoultôs law 

Ideal solution in the sense of Henryôs law 

 

6.1 The Ideal Solution 

 

In an ideal solution, fugacity is proportional to some suitable measure of its concentration, usually 

the mole fraction. 

 

where iÁ  is dependent on T and P, but independent of composition. 

Ideal solution in the sense of Raoultôs law 

 

Ideal solution in the sense of Henryôs law 



If xi is near zero, it is still possible to have an ideal solution without referring to the fugacity of 

pure liquid i.  

 

For an ideal solution in the sense of Raoultôs law 

 

We use exact thermodynamic relations 

 

 

 

Substituting (6-2) into (6-3) (6-4) we have 

 for ideal solôn 

 for ideal solôn 

The formation of an ideal solution occurs without evolution or absorption of heat and without 

change of volume. 

 



6.2 Fundamental Relations of Excess Functions 

 

Excess functions are correction terms that relate the properties of real solutions to those of ideal 

solutions. 

Excess functions are thermodynamic properties of solutions that are in excess of those of an ideal 

(or ideal dilute) solution at the same T, P and x. 

 

The excess Gibbs energy is defined by 

 

Relations between the excess functions are the same as those between the total functions. 

  

Partial derivative of excess functions are the same as those between the total functions. 

 

Partial molar property is defined by 



 
Similarly, partial molar excess property is defined by 

 

From Eulerôs theorem 

 

Similarly, the excess property is given by 

 

 

 

6.3 Activity and Activity Coefficients 

 

The activity of i is defined as the ratio of the fugacity of i to that of i in the standard state 

 

The standard state is at the same T as that of mixture, and pressure P0 and x0 at some specified 

condtion. 

The activity coefficient 

 



Relation between partial molar excess Gibbs energy and activity coefficient 

 

From definition of fugacity at constant T and P 

 

 

 

substituting (6-1a) of ideal solution 

 

  

substituting (6-24) into (6-23) 

partial molar excess Gibbs energy 

 

 molar excess Gibbs energy 



The temperature and pressure derivative of the activity coefficient 

 

Case where the excess Gibbs energy is defined relative to an ideal solution in the sense of 

Raoultôs law 
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Differentiation with respect to T gives 

 

Differentiation with respect to P gives 

 

 

Case where the excess Gibbs energy is defined relative to an ideal dilute solution in the sense of 

Henryôs law 

 

For example, consider a liquid mixture containing a gaseous solute (2).  

If the critical temperature of solute 2 is lower than the temperature of mixture, a liquid phase 

cannot exist as 12x . (a hypothetical standard state is needed in the Raoultôs law) 

Instead, the proportionality constant is determined from the condition of infinitely dilute solution.  

For solute 2 

Henryôs constant 

For solvent 



 

The activity coefficient of solute is g 

 

The temperature derivative is 

 

but has a different meaning 

 

 

The pressure derivative 

 (6-36a) 

 

 

 

6.4 Normalization of Activity Coefficients 

 

If activity coefficients are defined in the sense of Raoultôs law, then 

  

called symmetric convention for normalization 

 



If activity coefficients are defined with reference to an ideal dilute solution, then 

 

  
called unsymmetric convention for normalization 

 

To distinguish, use * for solute 

 

 



 

Ideal behavior of NaCl solution is approached at infinitely dilution. 

 

Relation between symmetric and unsymmetric conventions 

For binary mixture, 

  

Because 

 



We have 

 

physical situation 

physically unrealistic situation 



6.5 Activity Coefficients from Excess Functions in Binary Mixtures 

 

At a fixed temperature, the molar excess Gibbs energy gE of a mixture depends on the 

composition.  

The effect of pressure is negligible away from critical conditions. 

 

For binary mixture (for which the standard state is pure liquid at the same T, P ) 

The molar excess Gibbs energy must obey the two boundary conditions 

 

 

Two-suffix Margules Equations 

The simplest expression 

  A is an empirical constant 

To get activity coefficient 

 
substituting (6-46) into (6-47) 

 



A good representation for mixtures of molecules that are similar in size and chemical nature 

 

At infinite dilution, the activity coefficients are equal. 

 
 

Over a small temperature range, A is nearly constant or a weak function of T. 

 

A usually falls with rising temperature for nonpolar solutions. 

 

In general case, 

Redlich-Kister expansion 

gives activity coefficient as 



 

where 

 

 

Even-powered term to flatten or sharpen the parabola (A, C..) 

Odd-powered term to skew the parabola (B, D..) 

 


