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At any time during the course of a reaction, how do we know the composition? (I.G. case)
A general case:
vaA(g,T,p) + vgB(g,T,p) = vcC(9,T,p) +vpD(g,T,p)
Partial pressures,
Pa = Xap; s = Xpp; Pc =Xcb; Pp = Xpp;

Is the mixture at equilibrium? Allow the reaction to proceed and see the AG.

G= zni.“i
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For a small change in the reaction at conditions of (g, T, p),
AG(e) = e[(veue + vpup) — (Vapa + vaiip)]

We know that u;(g, T,p) = ul(T) + RT In p;, which gives,

Vc..VD

Pc’P
AG(€) = € [{vepd(T) + vpud (T} — (vaul(T) + vpud(T)} + RT In (pﬁApﬁB>]

A B

AG = AG° + RT1nQ (taking e = 1)
AGY is the standard free energy change for taking pure reactants to pure products.
At equilibrium, AG(e) = 0 - AGY, = —RTK,

— ,—AGY/RT
K,=e

So, K, (T) is not a function of p.
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But Ky = p‘A"Kp is a function of p, T i.e. Kx(p, T). All equilibrium constants are unitless.

Examples
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Example 1

H,(g) + CO,(g) = H,0 (g) + CO(g)
T =298K,p = 1bar

Initial number of moles a b 0 0
number of moles at eq. a—x b—x X X
mole fractions % Z%Z ﬁ axj
AGJ? (k] mol™1) 0 —396.6 —228.6 —137.2

mol~1

— ~—11.54 _ -6
(8314 K-1mol~1)(298 K) € =9.7x10

S0, AGY, = 28.6 kK] mol™! = K, = exp—28600 ]

Xu,0X x?
Kp _ PH,0Pco _ 2H04c0 _ —97% 105
Pu,Pco, Xu,Xco, (a=x)(b—x)
Take,a = 1 mol,b = 2 mo],
SinceK K1,x<K1 =1—-—x~1,2—x~2 . x~0.0044 mol
Example 2
N,04(g) = 2NO,(g)
Initialmol: n 0
At eq D n-x 2x
pSateq. oy
2x \?
K - Pho, _ P’ Xio, _p(n+x) —p 4x? —p 4a’
P Pno, PXnyo, (: ; ;) n? —x? 1-a?
)\~ 1/2
If @ = x\n is the fraction reacted, a = (1 + K—p)
14

If p increases, a decreases > Le Chatelier’s for pressure



