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Mixed Phase Equilibrium

• In a chemical equilibrium problem, what do we do if 

one (or more) of the species is a solid or liquid 

(condensed phase) - certainly can’t assume TPG

– e.g., C(s) + O2 (g)  CO2 (g)

• Can still write Law of Mass

Action (equilibrium) as               ii = 0

• For our example problem       CO2(g) − O2(g) − C(s) = 0

– and assuming gases               i = i
o
 + R

−
T ln pi 

(O2, CO2) are TPG

– combining   o
CO2 − 

o
O2 − C= − R

−
T(ln pCO2

− ln pO2
)

or                   ln (pCO2
/pO2

) = − (o
CO2 − 

o
O2 − C) / R

−
T

oxidation of solid carbon 
(e.g., graphite)
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Mixed Phase Equilibrium

ln (pCO2
/pO2

) = − (o
CO2 − 

o
O2 − C(s)) / R

−
T

• Examine p dependence of C (pure phase)

            ฬ
𝜕μ
𝜕p

𝑇
= ො𝑣 ⇒ ฬ

𝜕μC(s)

𝜕p 𝑇
= ො𝑣C(s)

• Integrate at constant T from po to p 

• Consider high pressure (p−1  p)

– so μC(s) − μo
C(s)~0.5 J/mol/bar

                      << o
CO2 − 

o
O2 

function 
of T function of T,p

T 

(K)

ĝo
f,CO2

 

(kJ/mol)

300 -394.4

500 -394.9

1000 -395.9

2000 -396.3

e.g., 1 bar

~5.3 cm3/mol for graphite
(3.4 cm3/mol for diamond)

න
𝑝𝑜

𝑝

dμC(s) = න
𝑝𝑜

𝑝

ො𝑣C(s) 
dp′

μC(s) − μo
C(s) ≅ ො𝑣C  p − p𝑜

bar = 105 N/m2 = 10-1 J/cm3

assume specific volume 
~constant with p change

(closer to incompressible)

0, JANNAF 
element
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Condensed Phase: p Dependence

• Like C(s), most condensed phases (solid/liquids) have 

small specific volumes (~10-1 – 102 cm3/mol) 

– compared to gases (103 – 105 cm3/mol) 

• Therefore           μ p, T
 

− μo T ≅ ො𝑣C  p − p𝑜  ~0

• So weak pressure dependence of  for condensed 

species, 

– i.e., can assume    (p,T )  o(T )
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Partial Equilibrium Constant

• So for our example 

                        ln (pCO2
/pO2

) = − (o
CO2 − 

o
O2 − C) / R

−
T

• In general, can define a Partial Equilibrium Constant

– assumed o
i= i ; so need pure condensed phase, no solid 

mixtures or liquid mixtures

– independent of amount of condensed phase present; but 
assumes enough of it present to reach equil. gas composition

p𝐶𝑂2

p𝑂2

= 𝑒
− o

CO2 
−

 
o

O2 
−

 
C

ത𝑅𝑇

≅ 𝑒
− o

CO2 
−

 
o

O2 
−o

C
ത𝑅𝑇

K′p T ≡ ෑ p𝑖
v𝑖 = 𝑒 Τ−∆G𝑜 ത𝑅𝑇

for gas phase species
G

o
=i

o
i 
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Graphite Oxidation Example

• Our C(s)+O2CO2 example 

is formation reaction for CO2

• So Kp = Kp,f CO2 

–   >1010 for T up to at least 

2000K

– so pCO2
 >> pO2

 if both in  

equilibrium with C(s)

• As T , logKp

– agrees with van’t Hoff 

relation

d(ln Kp)/dT = H
^ 

/R
−
T2

logKp,f

<0

from https://janaf.nist.gov/tables/C-095.html

Mixed Phase Equilibria - 6

School of Aerospace Engineering

Copyright  © 2022, 2025 by Jerry M. Seitzman. 

All rights reserved.

AE/ME 6765

Liquid-Vapor Mixture Example

• Consider phase equilibrium between liquid and gas 

phases of water – in equilibrium

                 H2O(g)  H2O (l)

• Equilibrium still given by ii = 0

– again assuming gas is TPG and H2O(l)  o
H2O(l)

          −R
−
T ln pH2O 

= (−o
H2O(g) + 

o
H2O(l))

• pi (T ) = vapor pressure, function of T only

• o
(g)  o

 (l) since at equilibrium showed  
(g)=  

(l)

Gibbs Free Energy of 
Phase Change

so if mixture includes both 
phases, will need to add this 

expression to list of “reactions”
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