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1.10.6: Chemical Potential Can be Evaluated From a Partition Function
The chemical potential can be given in terms of a partition function. Internal energy can be defined as:

And entropy can be defined as:

We know that Helmholtz energy is:

Using our two equations above, we obtain:

Now, let's change gears a bit to show how Helmholtz energy is related to chemical potential. The total differential for Helmholtz
energy is:

And the fundamental equation is:

Using the relationship between Helmholtz energy and Gibbs energy:

We obtain:

We know that the change in Gibbs energy is:

Inspecting these equations, we see that:

This shows us that, as long as the natural variables for each thermodynamic potential are held constant, the partial derivatives of
Gibbs energy and Helmholtz energy with respect to the number of moles,  are equal to the chemical potential. We can now plug in
our expression above for Helmholtz energy in terms of the partition function:

We now have chemical potential written in terms of the partition function, .
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