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Chemical Potential from the Partition Function 



Chemical Potential Defined for A
Just as with the Gibbs free energy, we can take the total 

differential of the Helmholtz free energy with moles of 
substance taken as a natural variable, i.e., 
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Now, recalling that G = A + PV, we determine dG as 

dG = dA+ d PV( ) = −SdT −PdV + ∂A
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Equality of Chemical Potentials

But, direct expansion of the total differential of G gives 

so evidently, the two chemical potentials are equal when 
evaluated holding the respective natural variables constant 
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What Makes A So Useful? 

Recall the equations for U and S as functions of Q 
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A =U −TS
A = −kBT lnQ

This offers a very direct way to compute the chemical 
potential from the partition function, based on the 

latter’s dependence on number of particles (or moles)! 



Relating Chemical Potential to q 
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remember: 

Q N,V,T( ) =
q V,T( )N

N!
so lnQ = N lnq− N lnN + N

Stirling’s approximation 
used for ln(N!) Thus, 

µ = −RT lnq− lnN −1+1( ) = −RT ln
q V,T( )
N



Relating Chemical Potential to q 

Recall q is linear in V and write: 

µ = −RT ln
q V,T( )
N
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Using Standard State Convention 
Pressure is expressed relative to standard state (1 bar). We emphasize by writing: 
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G T,P( ) = G° T( ) + RT lnPcf. from slide 1 of video 8.7: 

chemical potential more general — and connects other 
phases to gas phase!! 



Next:  Review of Module 9


