
Chemical Equilibrium 
Assuming the following reactions are elementary, we could write their 
rate laws as: 
 

N2 (g) + 3H2 (g) → 2NH3(g)   and   2NH3 (g) → N2 (g) + 3H2 (g) 

 
rate =   k [N2] [H2]3                                     rate = k [NH3]2  

 

Since these reactions are the reverse of each other, we can combine 
them into one equation. 
 

N2 (g) + 3H2(g)    kf

kr
   2NH3(g) 

 
If the rate of the forward rxn is the same as the rate of the back or 
reverse reaction,  

 
ratef = rater = kf [N2] [H2]3 = kr [NH3]2 

 
Rearranging, we get: 
 

kf  [N2] [H2]3 = kr [NH3]2 
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The ratio of the concentrations of products to reactants will be 
constant, K, and the system is said to be at equilibrium. 

Equilibrium 
 Equilibrium is a state of a reversible reaction when the rate of 

the forward rxn is equal to that of the back rxn,  
 rateforward= rateback 
 For reactants  products,  



kf [reactants] = k r [products] 

kf /k r = [products]/ [reactants] = Keq 

(General equilibrium constant expression, also known as the 
law of mass action) 

Equilibrium Constants 
At this point, the system is said to be at equilibrium.  The 
concentrations of products & reactants remain constant. 
 
 
The equilibrium constant, K, is written as [ ]
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So, for the reaction aA + bB cC, the expression for K is: 
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 and is unitless. 

 

 Although we use concentrations (and partial pressures for 
gases) in writing the equilibrium constant expression, the 
expression for K should be in terms of activity, a, of products & 
reactants.  For this class we assume that:  a ≈ [ ] for 
solutions and  a ≈ P for gases. 

 Activity of pure liquids & solids is 1, a = 1, and those species do 
not appear in the expression of K. However, they still need to 
be present in the rxn for equilibrium to be established. 

 The eq constant depends on the stoichiometry of rxn, not on 
mechanism.  

 The value of K is temperature-dependent. The only factor that 
will change the value of K is temperature. 



 For rxns in solution, the solvent’s concentration is considered to 
remain constant, thus, its concentration is not included in the K 
expression. 

 

Calculations Involving Equilibrium 
 In calculating concentrations at equilibrium, one must determine 

[initial], change in [ ] according to the stoichiometry of the rxn, 
then get [equilibrium]. 

 If the value of K is given as well as [initial], set up a table as 
shown in your book and solve for the [unknown]. 

 
Meaning of K 

 The value of K tells you which side of the rxn is favored 
thermodynamically. Again, remember that the value of K will 
change with temperature.  

  ln
o

G RTΔ = − K

 If K >>1 (large) this means the products, or forward rxn, are 
favored. 

 If K << 1 (small) this means the reactants, or back rxn, are 
favored.  


