
OUTLINE OF CHAPTER 9 
 

IDEAL GAS MIXTURES 
 

 
We expect  no interaction between molecules. Then 
 

 
and therefore  

 

 

 



 
 

 

 
 

 

 

 



COMPONENT CHEMICAL POTENTIAL AND 
FUGACITY CALCULATION  

 
We start with 

 
Commutative property tells  

 
So that  

 
 

The second leads to  

 
 
 
 
 



Thus, we define fugacity of a component in a 
mixture 

 
 

And the fugacity coefficient 

 
 
and therefore  

 
 

 



 
 
Dependence with T 

 

 
 
Change of Chemical potential with composition at 
constant T and P 
We start with:  

 
But recall 

 
Then:  

 
 



So we get  
 

 
 
Or 

 
 
Phase equilibrium says . Then  
 

 
 
In analogy to pure component, we define fugacity of 
the mixture as follows:  
 

 

Not a partial molar fugacity!!!!!!  



Computing fugacity.  
Start with 

 
 
Use triple product 

 
 
In the following form 

 
 
Then substitute in 

 
to get 

 
 
which is similar to that of a pure fluid.  
 
 

 



 

EXCESS PROPERTIES 
 
Ideal Mixture… 

 
 

It is easy to check (Chapter 8): 
 

 
 

Since we have  
 

 

 



 

 
Thus, we have  

 
and 

 
Although all the above equations resemble a lot 
those of the ideal gas mixtures, these are properties 
of real gases, then all the techniques from Chapter 
6 apply. 
  
Thus molar volume is not equal to RT/P and 
fugacity is not equal to pressure…  
 

Also from , we have  



 
 
 

And since all derivatives w.r.t. composition need to 
be equal  
 

 
Also, an ideal mixture satisfies the Gibbs-duhem 
equation 
 

 
 

 
 
 
 
We define Excess Property the departure from 
IDEAL mixtures 



 
 
Finally we define the corresponding partial molar 
property 

 
But 

 
Then  

 
For chemical potential, we have  

 
But for liquids, we usually do not have an equation 
of state. Then we define liquid activity coefficients  



 

 
 
Or, alternatively 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 

 
 



 

 
 
Subtracting, we get the Gibbs-Duhem relation for 
excess properties  

 

But     and Thus 
 

 
 
Therefore, for constant T and P, we have the Gibbs-
Duhem relation for activity  

 
For binary mixtures:  

 



 

 
 
Dependence on P 
 

 
Then 

 
 



 
So that 

 
 
Not too easy to use. We do not have an excess 
volume “equation of state” 
 
Dependence on T 
 

 
 

For small T changes the excess enthalpy can be 
assumed constant. Then  

 



FUGACITY IN GASEOUS MIXTURES 
 
Amagat’s Law (experimental) 

 
 
Multiply by P/NRT 
 

 
 

 
This formula (linearity)  is true, but only sometimes 
 

 



Thus, from and from 

 
We get the LEWIS AND RANDALL RULE 

 
 
More accurate is to start with 

 
 
and use an equation of state…  (see illustrations) 
 

 
 
 
 
 
 
 
 
 
 
 



MIXTURE ACTIVITY MODELS 
We have 

 
One constant Margules model 
 
Some experimental data 

 
which suggests 

 
Then  

 



Similarly  

 
or  

 
Other  
Two constant Margules 

 
Van Laar 

 
Wilson 

 
NRTL 

 
See section 9.11 for recommendations 



 
REVIEW OF REFERENCE STATES 

1 bar and some T and ideal gas behaviour 
Pure liquid at 1 bar and some T 
 
The need for STANDARD STATES arrives from 
the use of activity coefficients 
 
In these cases the reference T is the T of the system 
(P is usually 1 bar).  
 
In general different states are used depending on 
the state of aggregation  
Gases:  Pure component as an ideal gas at a fix 
temp. Then  
 

  
 
Liquids: Pure component at same T at 1 bar.  
 

 
 
 

 
 



 

Non-Simple Mixtures 
 
We know that the Lewis and Randall rule helps 
finding the fugacity of a specie in the vapor phase 
 

 
For this we need the fugacity of the pure specie. 
This might not exist! 
For liquids it is similar:  

 
And some species might not exist as pure liquids at 
that T and P.  
 
What to do: 

a) Equations of state for the mixture!! Avoids 
using the above formula and one can compute 
the fugacity directly using the methods of 
section 9-4.  

b) Use the above formulas anyway with some 
estimates of the fugacities of the pure species.  

Liquid fugacity of a component that is vapor at the 
chosen P and T 
At low P, the fugacity of a liquid is equal to the 
vapor pressure (even if it is larger than P) 



 
Vapor fugacity of a component that is liquid at the 
chosen P and T 
Use corresponding states and 7-4-10…  
 (ignore subcooled liquids) 
 
Gases dissolved in liquids 
Experimental Observation (Henry Law) 

 
At higher concentration we introduce another 
activity coefficient (pitiful!!) 

 

 
 
A different activity coefficient!! (Ignore discussion 
after eq 9-7-10) 

 


