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The Relationship Between Chemical Potentials, Fugacities, Activities, and Gibbs Free 
Energies  

(with specific application to partial derivatives required in mass transport) 
 
 
I.  The Chemical Potential 
 
 The chemical potential of component α in phase φ, φ

αµ , is defined as 
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where φG  is the molar Gibbs free energy of the mixture of phase φ, φN  is the total number of 

moles in phase φ, and φ
αN  is the number of moles of component α in phase φ.  As a result of this 

definition, the molar Gibbs free energy of the mixture is given by  
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One typically proceeds by writing the molar Gibbs free energy of the mixture as a sum of an 
ideal mixture (IM) component and an excess (XS) component,  
 
 XS,IM, GGG φφφ +=  ,        (3) 

 
where the excess term, by definition, includes everything that isn’t included in the ideal mixture.  
The molar Gibbs free energy of an ideal mixture is defined as 
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As a consequence of this definition, the excess molar Gibbs free energy of a mixture must be 
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The definitions of the mixture properties also defined the partial molar Gibbs free energy of an 
ideal mixture as 
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where φ

αG  is the molar Gibbs free energy of component α in the pure state.  The partial molar 
excess Gibbs free energy of a mixture is 
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As a result of equations (6) and (7), we see that we have an expression for the chemical potential 
in terms of ideal mixture and excess terms, which is analogous to the expression for the molar 
Gibbs free energy of the mixture in equation (3), namely 
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II.  Fugacities 
 
II.A.  Fugacities of Pure Components 
 
 In phase φ of the pure component α, we define a fugacity, φ

αf , as  
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where IGGα  is the molar Gibbs free energy of pure alpha as an ideal gas, where the pressure is 
equal to zero.  When we have an equation of state, the evaluation of the pure component fugacity 
involves evaluating the following integral 
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We can also define a fugacity coefficient as  
 

 
P
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II.B.  Fugacities of Mixtures 
 
 We are interested in multi-component vapor-liquid equilibrium.  In the multi-component 

case, the fugacity of component α in a mixture in phase φ, 
φ
αf , is defined as  
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where IGM indicates an ideal gas mixture.  When we have an equation of state, the evaluation of 
the pure component fugacity involves evaluating the following integral 
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We can also define a fugacity coefficient in a mixture as  
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Using equation (6), we have a definition for the partial molar Gibbs free energy of component α 
in an ideal gas mixture 
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III.  Activities 
 
 The activity of component α in a mixture in phase φ, φ

αa , is defined as the ratio of the 
fugacity of component a in a mixture to that in the pure component, at the same T and P. 
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We also can define an activity coefficient, φ

αγ , 
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The activity is related to the chemical potential through the fugacities. 
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Or, alternatively, 
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IV.  Application in mass transport 
 
 In mass transport problems, one is concerned about gradients.  From a fundamental non-
equilibrium thermodynamics point of view, one is truly concerned with chemical potential 
gradients (as opposed to concentration or mole fraction gradients.  The gradient of the chemical 
potential is related to the gradient of the activity in an isothermal system as follows: 
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The gradient of any pure component term is zero.   
 
 


