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Chemical Reactions
• Chemical reactions involve an exchange of 

atoms due to collisions between 
molecules/atoms.

• An example:

• A common question would be what are the 
relative amounts of CO and CO2 at 
equilibrium.



Chemical Equilibrium
• The equilibrium composition of a 

chemically reacting mixture is that which 
maximizes or minimizes the appropriate 
Fundamental Relation.

• For most problems of interest, we seek the 
composition at a given temperature and 
pressure.

• Thus, Gibbs Function is the appropriate FR.



The Gibb’s Function
• The Gibb’s function is

• It is useful to write it as

• where        is the Gibbs function of the pure 
substance at the standard-state pressure and 
given T.

G ≡ H − TS

gi = hi − Tsi

gi,T = gi,T
0 + RuT ln(pi / pref )

gi,T
0



The Gibb’s Function

• The Gibb’s function can be written as

• where      is the Gibbs function of formation 
at a reference temperature. 

• Like the enthalpy of formation it is zero for 
elements in their naturally occurring states 
at the reference condition.

•

gi,T
0 = gf ,i

0( )Tref + gi
0 (T ) − gi

0 (Tref )"# $%

gf ,i
0



The Equilibrium Condition

• The equilibrium condition is
• where 

• Therefore,

• and the sum is thus zero.

dGmix = 0

Gmix = Nigi,T
i
∑ = Ni[gi,T

0 + RuT ln(Pi / Pref )]
i
∑

dGmix = 0 = dNi[gi,T
0 + RuT ln(Pi / Pref )]

i
∑



Stoichiometric Relation

• Writing the reaction                             
is really a statement of conservation of atoms.
• There is one carbon and two oxygen atoms 

on each side.
• The coefficients 1 and ½ on the left and 1 

on the right are called the stoichiometric 
coefficients.



Stoichiometric Relation
• More generally, we could 

write

• The change in the number of 
moles of each species is 
directly proportional to its 
stoichiometric coefficient 
times a progress of reaction 
variable alpha.

 aA + bB +⇔ eE + fF +

 

dNA = −αa
dNB = −αb
        
dNE = +αe
dNF = +α f
        



Minimize G
• If we substitute this into the equation for 
dGmix we obtain

• where

• and

ΔGT
0 = −RuT lnKp

 
ΔGT

0 ≡ (egE ,T
0 + fgF ,T

0 +− agA,T
0 − bgB,T

0 −)Tref =T

Kp =
(PE / Pref )

e(PF / Pref )
f etc

(PA / Pref )
a (PB / Pref )

b etc



The Pressure Based Equilibrium 
Constant

• Kp is the equilibrium constant

• For example: 

• Then 



The Concentration Based 
Equilibrium Constant

• The equilibrium relation can be converted from 
partial pressures to concentrations. 

• The molar concentration, represented by square 
brackets [], can be written in terms of mole 
fractions as

• so we can define an equilibrium constant based on 
molar concentrations:

[Xi ] = xiP / RuT = Pi / RuT

 Kp = Kc (RuT / Pref )
e+ f +−a−b



The Concentration Based 
Equilibrium Constant

• Which can be written more generally

• where the v’s are the stoichiometric 
coefficients, or

Kp = Kc (RuT / Pref )
ν "∑ − ν '∑

Kc =
[E]e[F] f etc
[A]a[B]b etc

=
[Xi ]

νi
"

Pr od
∏
[Xi ]

νi
'

Re ac
∏



Equilibrium Constant Data

• Equilibrium 
constants are 
tabulated in a 
number of 
sources, in 
particular in the 
NIST database: 
janaf.nist.gov


