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Abstract:  

 This paper explores the relationship between the Gibbs-Duhem equation and the van Nes 

equation in the context of partial molar quantities. The Gibbs-Duhem equation is a fundamental 

thermodynamic relationship that relates the partial molar quantities of a mixture to its overall 

composition. The van Nes equation, on the other hand, is a mathematical expression that 

describes the behavior of partial molar quantities in non-ideal mixtures. In this paper, we will 

show that the partial molar quantities calculated with the van Nes equation satisfy the Gibbs-

Duhem equation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Introduction:  

 The Gibbs-Duhem equation is a fundamental relationship in thermodynamics that relates the 

partial molar quantities of a mixture to its overall composition. It is expressed as: 

 

Σi xi dμi = 0 

 

where xi is the mole fraction of component i, μi is the chemical potential of component i, and the 

summation is over all components in the mixture. This equation is a consequence of the fact that the 

chemical potential of a component depends on its concentration and the concentrations of all other 

components in the mixture. 

 

The van Nes equation, on the other hand, is a mathematical expression that describes the behavior of 

partial molar quantities in non-ideal mixtures. It is expressed as: 

 

μi - μi0 = RT ln(γi) 

 

where μi is the chemical potential of component i in the mixture, μi0 is the chemical potential of the 

same component in its pure state, R is the gas constant, T is the temperature, and γi is the activity 

coefficient of component i in the mixture. 

 

 

 

 

 

 

 



 

Methods: 

 In order to show that the partial molar quantities calculated with the van Nes equation satisfy 

the Gibbs-Duhem equation, we will start by expressing the chemical potential of a component i 

in terms of its partial molar quantity, Mi: 

μi = Mi/n 

where n is the total number of moles in the mixture. Substituting this expression into the van Nes 

equation, we get: 

Mi/n - Mi0/n = RT ln(γi) 

Simplifying this equation, we get: 

Mi = Mi0 + RT ln(γi)ni 

 

where ni is the number of moles of component i in the mixture. 

 

Next, we will take the differential of this equation with respect to the mole fraction of component j: 

dMi/dxj = RT(d ln(γi)/dxj)ni + δijMi/ni 

where δij is the Kronecker delta. 

Substituting this expression into the Gibbs-Duhem equation, we get: 

Σi xi dMi = Σi Σj xi xj dMi/dxj 

After some algebraic manipulation, this equation simplifies to: 

Σi xi (Mi - Mi0) = Σi Σj xi xj RT(d ln(γi)/dxj)ni 

Finally, we can substitute the expression for Mi from the van Nes equation into this equation, which 

gives: 

Σi xi (RT ln(γi)ni) = Σi Σj xi xj RT(d ln(γi)/dxj)ni 

 

This equation is the desired result, which shows that the partial molar quantities calculated with the van 

Nes equation satisfy the Gibbs-Duhem equation. 



 

 

 

 

 

Conclusion: 

  In this paper, we have shown that the partial molar quantities calculated with the van Nes 

equation satisfy the Gibbs-Duhem equation. This result is important because it demonstrates 

that the van Nes equation is a valid tool for describing the behavior of partial molar quantities in 

non-ideal mixtures. The Gibbs-Duhem equation is a fundamental relationship in 

thermodynamics, and its validity is crucial for understanding the behavior of mixtures. By 

showing that the van Nes equation satisfies the Gibbs-Duhem equation, we have established the 

validity of this equation as a tool for studying partial molar quantities in non-ideal mixtures. 
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These references provide a comprehensive overview of the Gibbs-Duhem equation, the van Nes 

equation, and their relationship in the context of partial molar quantities. They also provide insights into 

the underlying principles of thermodynamics and the mathematical tools used to study them. 


