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General Approach to Chemical 
Equilibrium 

Start by minimizing the Gibbs function:

dG = −SdT +VdP + µ jdN j
j
∑ = 0

Since T and P constant, we have 

µ jdN j
j
∑ = 0

The following approach is used in most computer codes.



This minimization is subject to the constraint that atoms are 
conserved

pk = nkjN j
j

a

∑

where pk is the number of k type atoms in the mixture. a
is the number of types of atoms and nkj is the number of k
type atoms in j type molecules. 

The equilibrium problem is solved using the method of 
undetermined multipliers. Set dpk to zero, multiply by lj
and add to dG. Then

(µ j − λknkj )dN j = 0
k

a

∑
j
∑

For this to be satisfied, each term must be zero, so that

µ j − λknkj
k

a

∑ = 0



For a perfect gas

µ j (T ,Pj ) = gj (T ,Pj ) = gj (T ,P) + RuT ln(Pj / P)

Therefore, noting 

pk = P exp(−(gj (T ,P) − λknkj
k

a

∑ ) / RuT

If we sum these over all species, we get

1 = exp(−(gj (T ,P) − λknkj
k

a

∑ ) / RuT
j
∑

These provide a+1 equations for the lk’s and Ntot. 

x j = exp(−(gj (T ,P) − λknkj
k

a

∑ ) / RuT

Plugging this into atom conservation, we get

x j = Pj / P
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In all these programs, thermodynamic data are stored as 
polynomials

The polynomials are given over two temperature ranges.



The Polynomials
species(name='C2H6',

atoms='C:2 H:6',
thermo=(NASA([300.00, 1800.00],

[-2.41778723E-01,  2.53475709E-02, -1.39645112E-05,
4.03257452E-09, -4.87754387E-13, -1.10391121E+04,
2.19572625E+01]),

NASA([1800.00, 3500.00],
[ 4.07959141E+00,  1.57445262E-02, -5.96197393E-06,

1.06867182E-09, -7.61012341E-14, -1.25948053E+04,
-1.43089411E+00])),

transport=gas_transport(geom='nonlinear',
diam=4.35,
well_depth=247.5,
rot_relax=1.5))

This is the format for Cantera and includes transport 
coefficient information (more on that later)



Equilibrium Software

• NASA Lewis Code(Free, Now comes with GUI)
– http://www.grc.nasa.gov/WWW/CEAWeb/

• Cantera
– https://cantera.org

• CHEMKIN ($$$)
– www.ansys.com

http://www.grc.nasa.gov/WWW/CEAWeb/







