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The Equilibrium Constant, Kc 
 
Le Chatelier Principle 
If a closed system under equilibrium is subjected to a change, the system will move to minimise 
the effect of the change. These changes can be either temperature, pressure or concentration. 
 
The equilibrium constant shows where the equilibrium lies for a general reaction:  
 

aA + bB ⇋ pP + qQ  
 
The equilibrium constant expression is:  
 

Kc = [P] ​p​ [Q]​q 

            _________ 

        [A]​a ​[B]​b 

 
 
Example 1:  
Write the equilibrium constant expression for this reaction and include the units:  

N​2​ + 3H​2​ → 2NH​3 
 

Step 1:​ Write an expression for Kc. 
[Remember it is always products over reactants.]  
 
⇒ ​Kc = [NH3]​​2 

                     _______ 

           [N2] [H2]​​3 
 
Step 2:​ Find the units for Kc. 
 

 
 
 
 

 
⇒ ​Units: ​mol​​-2​​dm​​6 
 
 
 
Example 2:  
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For the equilibrium: 
PCl​5​(g) → PCl​3​(g) + Cl​2​(g)  

 
the equilibrium concentrations of PCl​5​, PCl​3​ and Cl​2​ are 1.0, 0.205 and 0.205 mol dm​-3 
respectively. Calculate the value of K​c​. 
 
Step 1:​ Write an equilibrium constant expression for this reaction.  
 
⇒ Kc = [Cl2] [PCl3] 
                      ______________ 

                [PCl​5​]  
 
Step 2:​ Input the values with the corresponding molecules into the expression.  
 
⇒ Kc = (0.205) x (0.205) 

                       ___________________ 

                        1 
 
         = ​0.042​​ moldm​​-3  
 
 
Worked Exam Style Questions  
 
Question 1 
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Step 1:​ Write the Kc expression.  
 
⇒ Kc = [CH3OH] 
                     ____________ 

            [CO] [H2]​2 
 
 
Step 2:​ Convert moles to concentration. Use the formula: Concentration = Moles / Volume.  
 
6.2 x 10​-3​ / 2 = 3.1 x 10​-3 
4.8 x 10​-2 ​ / 2 = 2.4 x 10​-2 
5.2 x 10​-5 ​/ 2 = 2.6 x 10​-5  

 
Step 3:​ Input the values into the expression. 
 
Kc =        2.6 x 10​-5  
            ________________________ 

     (2.4 x 10​-2​ )​2 ​x  3.1 x 10​-3 
 
     = ​14.56 
 
Step 4: Work out the units  
 

  
 
⇒​ ​​mol​​-2​​dm​​6  
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Question 2 
 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 1:​ Write the Kc expression.  
 
⇒ Kc = [NH3]​2 
                     _______ 

          [N2] [H2]​3 

 

Step 2:​ Rearrange the expression so that ammonia is the subject.  
 
⇒ [NH3]​2​ = Kc x [N2] x [H2]​3  
 
Step 3:​ Input values into the expression.  
 
⇒ [NH3]​2​ = 8 x 10​-2​ x 1.2 x 2​3 
                = 0.768  
    [NH3]   = √0.78 

     = ​0.88 moldm​​-3 
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Question 3 

  

 
Step 1:​ Write the Kc expression. 
 
⇒ Kc = [HI]​2 

                   ______ 

         [H2] [I2] 
 
 
Step 2:​ Work out the change between initial and equilibrium moles present of H​2​. 
 
⇒ 0.3 - 0.14 = 0.16 mol 
 
Step 3:​ Calculate the equilibrium moles for the other reactants by subtracting the difference in 
moles that was calculated in step 1 from the initial moles of each reactant. 
 
⇒ I​2​ : 0.2  - 0.16 = 0.04 mol 
 
Step 4:​ Calculate the equilibrium moles of the product by adding the difference in moles that 
was calculated in step 1 to the initial amount. 
 
⇒ 0 + 0.16 + 0.16 = 0.32 mol 
 
[Two lots of 0.16 is added because from the balanced equation the ratio between the reactants 
and products is 1:2.] 
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Try these questions … 
 
1. 
 
 
 [1 mark] 

[3 marks] 
 
2. 

       [2 marks]  

                       [4 marks]  
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Partial Pressure and Kp 
 
The partial pressure of a gas is the contribution that each gas in a mixture makes towards the 
total pressure P​tot​. 
 
Consider mixtures of gas made up of gas A, gas B, gas C.  
 
 
 
 
 
 
 
 
 
 
To work out the partial pressure of a gas in a gas mixture you multiply the mole fraction of the 
gas by the total pressure. 
 
Kp can only used for mixtures of gases. 
 
 
Example 1:  
Write an expression for the equilibrium constant, Kp, for this reaction:  

N​2​(g) + 3H​2​(g) ⇋ 2NH​3​(g) 
 
Step 1:​ Form the expression with partial pressures of the products over the reactants. 
 
⇒​ Kp = p(NH​​3​​)​​2 

                       _________ 

            ​​P​​(N​​2​​)​​P​​(H​​2​​)​​3 

 

 

Example 2:  
N​2​(g) + 3H​2​(g) ⇋ 2NH​3​(g) 

A mixture at equilibrium contains 0.320 mol N2, 0.960 mol H2 and 0.120 mol NH3. What is the 
mole fraction of H2 in the equilibrium mixture? 
 
Step 1:​ Sub in the values to find the molar fraction of A. 
 
⇒ mole fraction of A = number of moles of sample A / total number of moles in mixture  
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⇒          0.96 

        __________________ 

0.96 + 0.120 + 0.32 
 
= ​0.686 
 
 
Worked Exam Style Questions 
 
Question 1 

 

 
Step 1:​ Work out the change between initial and equilibrium moles present of CO. 
 
[this is because you have both data for this substance.] 
 
⇒ 1 - 0.9 = 0.1 
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Step 2:​ Work out the equilibrium amount of H​2​ and CH​3​OH. 
 
[To work out the equilibrium amount for a reactant subtract the change in moles from 
the initial amount.]  
 
⇒ 2.0 - 0.1 - 0.1 = ​1.8​​ mol of H​2  
 
[To work out the equilibrium amount of a product add the change in moles to the initial amount 
of that substance.]  
 
0 + 0.1 = ​0.1​​ mol of CH​3​OH 
 
Step 3:​ Work out mole fraction of each gas  
 
⇒ Total number of moles in gas mixture = 2.8 moles 
 
CO = 0.9 / 2.8 = ​0.321 
H2 = 1.8 / 2.8 = ​0.643 
CH3OH = 0.1 / 2.8 = ​0.036 
 
Step 4:​ To work out partial pressure of each gas multiply mole fraction by the total pressure 
given in the question  
 
CO - 0.321 X 10 = ​3.21 MPa 
H2 - 0.643 X 10 = ​6.43 MPa 
CH3OH - 0.036 X 10 = ​0.36 MPa 
 

 
 
⇒ ​Kp = p(CH3OH) 

                     ____________ 

                   ​​p(H2)​​2​​p(CO) 
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Step 1:​ Input the values into the Kp expression.  
 
Kp =       0.261 

                ________________ 

        (5.10)​2​ x ( 3.70) 
  
     = ​2.71 x 10​​-3 
 
 
Question 2 

 

 
 
Step 1:​ Find the total pressure in this gas mixture.  
 
⇒ 85 + 3 = 88 kPa  
 
Step 2:​ Work out the mole fraction of Cl.  
 
⇒ 3 / 88 = ​0.034  
 

 
 
⇒⇒ Kp =  p(Cl)​​2 

                     ________ 

              p(Cl2) 
 
 
 

⇒ Kp =   3​2   ​   = ​0.106  
                     ____ 
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              85 

  
          ⇒ 

 
 

 
 
⇒ ​Units = ​kPa 
 
 
Try these questions… 
 
3. 
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Answers 

Q1. 

  
Q2 
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Q3. 
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