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Example Equilibrium Calculation

• Given mixture of CO2, CO, O2 at specified (T, p) 
and C:O ratio

• What is composition (intensive) at equilibrium (e.g., i)?

• General approach: start with atom balances 
                              (mass conservation)
– can write 2 equations, 1 for each nuclei type

– in terms of mole fractions

– since we can’t “lose” an equation, also
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Can this be solved?
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Example Equilibrium Calculation

• Given mixture of CO2, CO, O2 at specified (T, p) 
and C:O ratio

• What is composition (intensive) at equilibrium (e.g., i)?

• After atom balances, how many equations needed?

–   3 unknowns − 2 equations = 1 more equation needed

• Source?

– Kp, can write chemical state relation (“reaction”)

CO2  CO + ½ O2

( ) 21

2121

2

2

2

2 p
p

pp
TK

CO

CO

CO

CO

p

OO




==

pi=pi
( )

( )  i

if

o
ifi

TKe p
TR

TG





,

,
ˆ

=


=

−

( ) ( )  TRTGTG

CO

CO o
COf

o
COfO

ep 2,,

2

2
ˆˆ

21

21

−−−=


 ( )

( )TK

TK
p

COf

COfO

p

p

CO

CO

2,

,

2

2 21

21

or   −=






2

Chem Equil. Example 3

School of Aerospace Engineering

Copyright  © 2023. 2025 by Jerry M. Seitzman. 

All rights reserved.

AE/ME 6765

Equation Summary

• So we now have 3 equations for our 3 unknown i

1.  

2.  

3.  

• We can solve this (nonlinear) set of equations for a given 
T, p and nC/nO if we have the necessary formation 
properties of our species

– e.g., from https://janaf.nist.gov
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Composition: T and O/C Dependence  

• CO2 decreases at high T

– has low chem. energy (low hf), T favors higher energy species

• Increasing O/C shifts composition from CO→CO2 (CO2
/CO)

p = 1 atm
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Composition: T and p Dependence 

• Increasing pressure drives composition to CO2 

– high p favors “less” moles

• At T extremes, either CO or CO2; so weak p dependence there

O/C = 5 
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Mixture (TPG) Properties
• Now that we know composition as function of T, p and 

atom ratios, how do we calculate other properties?

• Enthalpy?

• Internal energy?

• Entropy?
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Molar Enthalpy: T and p Dependence

• Enthalpy increases monotonically with T

• Enthalpy of TPG mixture now depends on pressure

– where composition is changing

O/C = 5 
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