
ChemE 2200 – Chemical Thermodynamics Lecture 12

Defining Question:
What is an Ellingham Diagram?

Reading for Lecture 1 of Chemical Kinetics:
McQuarrie & Simon, Chapter 28.1

Reading for Today’s Lecture:
McQuarrie & Simon, Chapter 26.7

Today:
The Thermodynamics of Chemical Equilibrium:

The Temperature Dependence of G
Coupling Reactions to Lower Spontaneity Temperature







Recap: The Equations of Thermodynamics

need CP
or CV
and an
equation
of state.

example:
provides CV
dependence

on V.



Recap: Chemical Equilibrium
dG  ()d

note: dG0  (0)d

 dG  (0  RT ln Q)d

dG  0d  (RT ln Q)d

 dG  dG0  (RT ln Q)d
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0 TGdG  Standard Gibbs energy of reaction at temperature T.

Complete conversion of unmixed reactants  unmixed products.
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TKP KP(T) is the equilibrium ‘constant’

KP(T) is constant with respect to pressure.

KP(T) varies with temperature.

KP(T) varies with reaction.
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Recap: Equilibrium in 2-butene  1-butene

CH3CH=CHCH3  CH2=CHCH2CH3

2-butene 1-butene
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Recap: Pressure Dependence of Chemical Reaction Equilibrium
How does Grxn depend on P?

Start with the fundamental equation: dG  SdT  VdP

d(Grxn)   (Srxn)dT  (Vrxn)dP
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products

reaction increases gas mols;
nrxn  0, Vrxn  0

reaction decreases gas mols;
nrxn  0, Vrxn  0
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Temperature Dependence of Chemical Reaction Equilibrium
How does Grxn depend on T?

Recall from Lecture 13: 2
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The Gibbs-Helmholtz Equation

For G of a phase transition or chemical reaction:

Also The Gibbs-Helmholtz Equation

No approximations.
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KP is independent of P, so we can remove the partial derivative.

The van’t Hoff Equation (~1880)2

0
rxnln

RT
H

dT
Kd P 





Temperature Dependence of Chemical Reaction Equilibrium

The van’t Hoff Equation (~1880)

Integrate to obtain a useful equation:
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Temperature Dependence of Chemical Reaction Equilibrium

Another perspective on the temperature dependence – start with the fundamental equation.

dG  SdT  VdP

d(Grxn)   (Srxn)dT  (Vrxn)dP

0 assume constant P
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Example of Temperature Dependence of Grxn

(and how to couple reactions)

Consider the general case of metal oxidation.

For example,    Fe(s)   ½O2(g)   FeO(s)

ngas  ½ mol
Temperature dependence?

T (°C)
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oxidation is less
favorable at high T.100

200

300
FeO(s)   Fe(s)   ½O2(g)

3367

How to reduce FeO
to Fe at a lower T?
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reduction is more
favorable at high T.
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Coupling Reduction and Oxidation Reactions
FeO(s)   Fe(s)   ½O2(g)

Couple an endothermic reduction with an exothermic oxidation.

½(C(s)   O2(g)   CO2(g))
FeO(s)   Fe(s)   ½O2(g)

0
rxnG 0

rxnS ngas

251.5 kJ/mol 69.1 J/(Kꞏmol) ½

197.2 kJ/mol 1.4 J/(Kꞏmol) 0

FeO(s)   ½C(s)   Fe(s)   ½CO2(g) 54.3 kJ/mol 67.7 J/(Kꞏmol) ½
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he chief contribution is enthalpy, not entropy. Couple to a different oxidation reaction.

FeO(s)   Fe(s)   ½O2(g)

0
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251.5 kJ/mol 69.1 J/(Kꞏmol) ½

C(s)   ½O2(g)   CO(g) 137.2 kJ/mol 89.4 J/(Kꞏmol) ½

FeO(s)   C(s)   Fe(s)   CO(g) 114.3 kJ/mol 158.5 kJ/mol 1

0
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Coupling Reduction and Oxidation Reactions

Other options for coupled oxidation reactions?

0
rxnG
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400

Fe

FeO

C

CO

CO2

oxidation reaction 1:  C   O2  CO2

oxidation reaction 2:  C   ½O2  CO

oxidation reaction 3:  CO   ½O2  CO2

Temperature for spontaneous reduction
of FeO with oxidation reaction 3?



Coupling Reduction and Oxidation Reactions
Coupling reduction and oxidation reactions can be analyzed graphically.

Consider the first pair
of coupled reduction and
oxidation reactions:

½(C(s)   O2(g)   CO2(g))

Fe(s)   ½O2(g)   FeO(s)( )

FeO(s)   ½C(s)   Fe(s)   ½CO2(g)

C oxidation

Fe oxidation

coupled

oxidation Feoxidation Ccoupled GGG 

An Ellingham Diagram How to find
Grxn  0 for two
coupled reactions?

Intersection!

~800K

https://socratic.org/questions/using-ellingham-diagram~600K

~900K



Ellingham Diagrams

rxnG

reaction
favors

reactants

reaction
favors

products

Note: All reactions
with metals are

oxidation reactions.

To subtract 
a metal oxidation

reaction from
carbon oxidation
reaction and find

Grxn = 0,
find the intersection. 


