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13.4: The Gibbs Free Energy Change for Reaction at Constant Partial Pressures
Now we can compare the difference between the Gibbs free energies of reactants and products in the reaction

when all of the gases are present in the same system to the same difference when each gas is in its own container.

In the first case, the gases are present in a mixture, and their partial pressures remain constant at , , , and  respectively.
We called the Gibbs free energy change under these conditions . These conditions can be satisfied if we suppose that the
system is very large. That is,  is the limiting Gibbs free energy change for the conversion of an initial mixture into a final
mixture. The initial mixture contains  moles of ,  moles of ,  moles of , and  moles of D. The final
mixture contains  moles of ,  moles of ,  moles of , and  moles of .  is the Gibbs free energy
change for this conversion in the limit as , , , and  become arbitrarily large. In this limit, we have , , 

, , and . Since the partial pressures remain (essentially) constant, the  must also satisfy

When the ideal gases are separated from one another, the Gibbs free energy difference is the Gibbs free energy of  moles of gas 
(at pressure ) plus the Gibbs free energy of  moles of gas  (at pressure ) minus the Gibbs free energy of  moles of gas 
(at pressure ) and minus the Gibbs free energy of  moles of gas  (at pressure ). In §2, we call the Gibbs free energy change
under these conditions .

In Section 13.2, we assert that . Now we can see why this is so. The cycle shown in Figure 4 relates these two
Gibbs free energy differences.

Figure 4. Cycle demonstrating that .

We have

and since

we have

Letting  be the Gibbs free energy of one mole of pure ideal gas  at pressure ,  be the Gibbs free energy of
one mole of pure ideal gas  at pressure , etc., we have
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Since , we have
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