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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

aA+bB = cC+dD
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 P4, P, P¢, and Pp respectively.
We called the Gibbs free energy change under these conditions A,G. These conditions can be satisfied if we suppose that the
system is very large. That is, A, G is the limiting Gibbs free energy change for the conversion of an initial mixture into a final
mixture. The initial mixture contains (n4 +a) moles of A, (np+b) moles of B, n¢ moles of C, and np moles of D. The final
mixture contains 4 moles of A, np moles of B, (n¢ +¢) moles of C, and (np +d) moles of D. A, G is the Gibbs free energy
change for this conversion in the limit as 1 4, ng, n¢, and np become arbitrarily large. In this limit, we have ng > a, ng > b,
ng > ¢, , and np > d. Since the partial pressures remain (essentially) constant, the n; must also satisfy

Py =ny4/(na+np+nc+np)
Pp=np/(na+np+nc+np)
Pc=n¢/(na+np+nc+np)
Pp =np/(na+np+nc+np)

When the ideal gases are separated from one another, the Gibbs free energy difference is the Gibbs free energy of ¢ moles of gas C
(at pressure P¢) plus the Gibbs free energy of d moles of gas D (at pressure Pp) minus the Gibbs free energy of a moles of gas A
(at pressure P4) and minus the Gibbs free energy of b moles of gas B (at pressure Pg). In §2, we call the Gibbs free energy change
under these conditions A, G.

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

(ny + @)A(Py) + (ng + bIB(Pg) + ncC(P;) + npD(Pp) {separate}
BimergeGmerge = 0
{mixture} (n, + a)A(Py) + (ng + b)B(Pg) + ncC(Pe) + npD(Py)
By G(Py, Py, Pe, Pp) l ArG(Py, Py, P, Pp)
{mixture} 1,4(P,) + ngB(Ps) + (ne + )C(Pe) + (np + d)D(Py)
T BmergeGrina =0

1 A(Py) + ngB(Pg) + (ng + ©)C(P:) + (np + d)D(P,) {separate}

Figure 4. Cycle demonstrating that A, G = A, G.

We have
Aep G (P4, Pp, Po, Pp) + Aperge G final
= Aperge Ginitiat +2A,G (P4, Pp, Pc, Pp)
and since
Anerge G final = Amerge Ginitial
we have

ASGPG(PAaPB;PC;PD):ATG(PA7PB7PC’7PD)

Letting G 4 (P4) be the Gibbs free energy of one mole of pure ideal gas A at pressure Py, G (Pp) be the Gibbs free energy of
one mole of pure ideal gas B at pressure Pjg, etc., we have
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Ay G (P4, P, Pc, Pp) =n4G 4 (Ps)+ng Gg (Pg)
+(n¢+¢) Ge (Po)+(np+d) Gp (Pp)
—(na+a)Ga (Py)— (np+b)Gp (Ps)
—n¢ Ge (Pe) —npGp (Pp)

= Cao (PC) —l—dap (PD) —a EA (PA) —-b 53 (PB)
Since A,y G = A, G, we have

AG= céc (Pc) +d§D (PD) —aEA (PA) —béB (PB)
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