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Spontaneous chemical reactions

7.1 The Gibbs energy minimum
The direction of spontaneous change at constant p & T is towards lower G (ΔG < 0).

(a) The reaction Gibbs energy 
Consider the equilibrium A (reactant) ↔ B (product)
Suppose an infinitesimal amount of A (dξ)turns into B
Then dnA = -dξ and  dnB = +dξ → ξ is called the extent of reaction 

(unit: moles)
The reaction Gibbs energy is,
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(ΔrG: the slope of G vs ξ)

(b) Exergonic and endergonic reactions (see Fig. 7.1)
- μA > μB : ΔrG < 0, exergonic (work-producing, A→B : spontaneous)
- μA < μB : ΔrG > 0, endergonic (work-consuming, B→A: spontaneous)
- μA = μB : ΔrG = 0, equilibrium

(at the composition of 
the reaction mixture)
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7.2 The description of equilibrium
(a) Perfect gas equilibria

When A and B are perfect gases,
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The standard reaction Gibbs energy :
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- If no mixing → a linear slope (see Fig. 7.3) : A → B
- If mixing → the change in G due to mixing 
:
→ U-shaped curve of G→ minimum in G : equilibrium composition

( )BBAAmix lnln xxxxnRTG +=Δ

At equilibrium,

(See Section 3.6)
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pK - ΔrG > 0 → K < 1 (pB < pA) : reactant A is favoured in the equilibrium

- ΔrG < 0 → K > 1 (pB > pA) : product B is favoured in the equilibrium

(b) The general case of a reaction 
In case of the reaction 2A + B → 3C + D, 
→ 0 = 3C + D - 2A - B  →
: vJ is (+) for products and (–) for reactants → vA = -2, vB = -1, vC = +3, vD = +1

(J : substances, vJ : stoichiometric numbers)J0
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ex) 2A + 3B → C + 2D → vA = -2, vB = -3, vC = +1, vD = +2 3
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or, more formally

(see Justification 7.1)
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Justification 7.1
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At equilibrium ΔrG = 0, 

(the same form as Q)
K : thermodynamic equilibrium constant

By replacing Q by K at ΔrG = 0 ,

oln GKRT rΔ−= → enable to predict K and the composition of mixture at the equilibrium
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(c) The relation between equilibrium constants 
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By                    or                            ,

A + B ↔ C + D 
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Molecular interpretation 7.2
Consider Boltzmann distribution of molecules over 
the available states of a system (A and B)
1) the dominant species by the lower set of energy 

levels→ A is dominant at equilibrium (see Fig. 7.4)
2) more closely spaced energy level → higher entropy
→ B is dominant at equilibrium (see Fig. 7.5)
(entropy effects dominate adverse energy effects)

Using                                         ,
oln GKRT rΔ−=

ooo STHG rrr Δ−Δ=Δ
RSRTH rr eeK // oo ΔΔ−=

- positive reaction enthalpy : K ↓→ reactant is favoured
- positive reaction entropy : K ↑→ product is favoured

7.2 The description of equilibrium
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(d) Equilibria in biological systems 
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For biological systems (pH = 7), 

By eqn 5.56,

: no difference between the two standard values

if  hydrogen ions are not involved in the reaction (v = 0)

7.2 The description of equilibrium
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The response of equilibria to the conditions
7.3 How equilibria respond to pressure
Where ΔrG is the standard Gibbs function defined for species 
at a specific pressure and therefore K is independent of pressure.
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the species at equilibrium do not change.

Two ways in which pressure may be applied
- injecting an inert gas in a reaction vessel 
→ if it’s a perfect gas, all the partial p of the reacting gases are 

unchanged
- compression (confining the gases to a smaller volume)
→ the partial p of the reacting gases are changed

For the perfect gas equilibrium A ↔ 2B,

o
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pp
pK = : If the equilibrium composition shifts (A↑), 

pA↑ (compared to pB) (see Fig. 7.6)
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A molecules ↑→ B molecules ↓ by compression 
→ Le Chatelier’s principle

: A system at equilibrium, when subjected to a disturbance, responds
in a way that tends to minimize the effect of the disturbance

- if a system at equilibrium is compressed, then the reaction will adjust   
so as to minimize the increase in pressure (A ← 2B)

(α : the extent of dissociation)

→ the amounts of A and B depend on pressure & p↑→α↓

7.3 How equilibria respond to pressure

1 ⎞⎛
opK/41⎝ + Kp

2/1

⎟⎟
⎠

⎞
K⎜⎜

⎝

⎛
=α



Seoul National UniversitySeoul National University Prof. SangProf. Sang--imim, , YooYoo

7.4 The response of equilibria to temperature

Le Chatelier’s principle

- if T ↑ : endothermic direction (until energy is absorbed as heat) 
endothermic reactions : As T ↑, the products are favoured.

- if T ↓ : exothermic direction (until energy is released as heat) 
exothermic reactions : As T ↑, the reactants are favoured.

(a) The van’t Hoff equation 
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the slope of a plot of the equilibrium
constant (specially lnK) vs temperature

Justification 7.2  (The van’t Hoff equation)
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2
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- dlnK/dT < 0 → exothermic reaction at ΔrHo < 0
- negative slope,  As T ↑, K ↓
- reactants are favoured in the exothermic reaction

STHG rrr Δ−Δ=Δ STHTG rrr Δ+Δ−=Δ− //
- Exothermic, ΔrH < 0 → ΔrG < 0 : products ↑
As T ↑, - ΔrH/T↓ & ΔrS is not important
: equilibrium lies less to the right (products)

- Endothermic, ΔrS is important
As T ↑, products are favoured

Molecular interpretation 7.3
1) endothermic reaction - As T ↑, B molecules 

to higher energy state become populated 
(see Fig. 7.8a)

2) exothermic reaction - As T ↑, A molecules 
to higher energy state become populated 
(see Fig. 7.8b)

7.4 The response of equilibria to temperature
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(b) The value of K at different temperatures 
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If ΔrHo varies only slightly,

: useful in the design of laboratory and industrial processes
ex) - improving the yield of a reaction by changing T of the reaction mixture

- reduction of a metal oxide with carbon or carbon monoxide → extraction of metal

7.4 The response of equilibria to temperature
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I7.1 The extraction of metals from their oxides
Ellingham diagram : a plot of ∆rGo vs temperature → ΔrGo decreases upwards !!
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- reaction (iii) : gas(net)↑→ΔS ↑→ ΔrGo ↓ as T ↑
- reaction (iv) : gas(net)↓→ ΔS ↓→ ΔrGo ↑ as T ↑
- reaction (ii) : gas is constant → ΔrGo changes slightly as T ↑

At room temperature → ΔrHo dominates ΔrGo

- the entropy of reaction is approximately the same for all metals 
→ ΔrGo as T should be similar slopes of the lines in the diagram
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→ ΔrGo < 0 : the equilibrium lies to the right, which is the case 
when the line for ΔrGo(i) lies below the line for one of the carbon  
reactions (ii)~(iv)

7.4 The response of equilibria to temperature


