[IV] Thermodynamic Derivation of Law of Mass Action

The law of mass action camn be derived from two concepts, viz., chemical |
potential concept and equilibrium box concept.

(1) Chemical potential concept: The chemical potential (1) of ith component
in a mixture is defined as,
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where nq, ng, ...... etc. represent the number of moles of constituent components of

the mixture.
Consider the following reversible reaction :
njA + ngB—=m;C + myD
Suppose all the reactants and products are in the gaseous states and behave
as ideal gases. The Gibbs potential, i.e., Gibbs free energy of reactants is given by
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Greactants = Ly Up + g Hp
pore Ha and Mg are the chemical potentials of the constituents A and B,
rﬁpc;tively. Similarly, the Gibbs potential of the products is given by
G']m::-tlur:l.s =My lg +mg Up

The pressure and temperature remain constant in each case. We know that the
frec encrgy of the reaction 1s equal to the difference between the free energy of the
products and that of reactants, i.e.,

AGroaction = G]deuctq = Greactants
=(my PUg + mo Up) = (1 KA + g 1) ... (5)
When the reaction attains equilibrium, AGpacijon = 0, s0 from equation (5),

(g pe +my pp) = (ny pp +ng pp) =0 ... (6)

The chemical potential of the /' component in the gaseous reaction is given by
B =p; +RT In p; A7

where ! is the standard chemical potential and p; ig the partial pressure of el

component.
From equations (6) and (7), we get
[my (u¢+ RT In pg) + my (0 + RT In pp)l — [~ (ua + BT In py)
+ng (g + RT Inp)l =0

my; My
or RT In p—ﬂ—'{]—% =~ [(my UG + mig Up) — (g 1A + g U)l
PAa -PB
=~ [Gl;rn-ducts - ;uar:t,ants] = - AGeaction .. (8)
m, My
or }_JE_PQ_ = J!."G:'t.u.-.t-lin:lr'l"lf‘F"'y‘-'ﬂ‘ . (9}
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The right hand side of equation (9) is constant, because AGroqction depends only

on temperature and R is a constant. Therefore,
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Since partial pressures are proportional to

= constant = K, ... (10)

molar concentration of the

- “Mponents, so from equation (10), we have

[C}™1, [D]™2 X ... (11)
- =4aAc
[A]"r . (B]"2

Equatinng (10) and (11) represent the expressions for equilibrium constant as
: hrium,

Obin; : s
tained from law of mass action and chemical equili
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