
CHAPTER 13     CHEMICAL EQUILIBRIA
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Generalize
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Example 13.2: Model for ligand binding

L R C+ →

(ligand) (receptor) (complex)
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located; Z  = # of directions (2, 4, 6)
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0 DεΔ = −Δ D = dissociation energy

A different convention for dealing with relative energies 
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Equilibrium constants in terms of pressure
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Example 13.4:  Dissociation
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Le Chatelier’s Principle

A B
K

A B→

fluctuation dNB in #B

( )dG dμ μ ξ( )B AdG dμ μ ξ= −

move toward equilibrium ⇒ 0dG ≤

so                      and             of opposite sign
system tends to equilibrium by moving 
in a direction opposite a perturbation

A Bμ μ− dξ

K(T) at different temperatures → S, H

A B→
K

At equilibrium  A Bμ μ=



( )0 0

0 0

/B A

A A B B

kTB

kT np kT np

qK e ε ε

μ μ

− −

+ = +

⎛ ⎞
= ⎜ ⎟
⎝ ⎠

A A

A

B

A

q
p
p

⎜ ⎟
⎝ ⎠

=

( )o o o
B AB

p
A

pnK n
p kT kT

μ μ μ−⎛ ⎞ Δ
= = − = −⎜ ⎟

⎝ ⎠
A A The “o” meant P = 1 atm.

/

A

o o o

o o
o

p

p

h T s
h T snK kT

kT

μ

μ

⎝ ⎠
Δ = Δ − Δ

Δ − Δ
= −Δ = −A

oμΔ depends only
on T for ideal gas

kT



2

o
pnK h

T kT
∂ Δ

=
∂

A assuming                are
independent of T

,o oh s

( )
or 

1/

o
pnK h

T k
∂ −Δ

=
∂

A
van’t Hoff equation

( )
( )

2

1 2 1

1 1n
o

p

p

K T h
K T k T T

⎛ ⎞ ⎛ ⎞−Δ
= −⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠

A
From integration 
of eq. at top 
assuming Δh

van’t Hoff plot for dissociation of water

o pR nKμΔ = − A

assuming Δh
indep. of T.

0

o p

o o
o hs

T

μ

μΔ −Δ
Δ =



Gibbs – Helmholtz Equation
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Not restricted to gases or chem. equilibrium
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Pressure dependence of K
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