
 

 
 

CHEMICAL EQUILIBRIUM CALCULATIONS             20 MAY 2014 

 
Lesson Description 

In this lesson we: 

● Discuss dynamic equilibrium  
● Discuss equilibrium constant and do calculations.  

 

 
Summary 

Dynamic Chemical Equilibrium 

In a closed system a dynamic chemical equilibrium is established when the rate of the forward 

reaction is equal to the rate of the reverse reaction for a reversible reaction.   When equilibrium has 

been established the concentration of the all the substances remains constant and no macroscopic 

(visible) changes happen. 

The following graph shows how the rate of reaction changes as a chemical reaction reaches 

equilibrium  

 

Equilibrium Constant (Kc) 

The equilibrium constant shows the ratio of concentration of products to the concentration of 

reactants. There is no unit as it is a ratio.  

The equilibrium constant is only changed by a change in temperature. Therefore the temperature at 

which equilibrium is established is important.  

If Kc > 1 then [products] > [reactants] 

If Kc < 1 then [products] < [reactants] 

Consider the general reaction:               

The Kc expression is:       
        

        
 

[A] = concentration of A (mol.dm
-3

) 
[B] = concentration of B (mol.dm

-3
) 

[C] = concentration of C (mol.dm
-3

) 
[D] = concentration of D (mol.dm

-3
) 

 

  



 

 
 

 
Test Yourself 

Select the most correct answer from the options given. Write down only the correct letter 

Question 1 

Initially, a certain amount of ICl(g) is sealed in an empty flask at a certain temperature.  The reaction 
that takes place is:  

                     

Which of the following statements describe(s) the change(s) occurring as the system proceeds 
towards equilibrium? 

(i) The rate of the reverse reaction increases 

(ii) The concentration of ICl(g) increases 

(iii) The concentration of Cl2(g) increases 

 

A. (i) only 

B. (ii) only 

C. (i) and (iii) only 

D. (ii) and (iii) only  

Question 2 

The expression for the equilibrium constant (Kc) of  a hypothetical reaction is given as follows: 

   
       

    
 

Which one of the following equations for a reaction at equilibrium matches the above expressions? 

A.                  

B.                    

C.                        

D.                     

Question 3 

A chemical reaction reaches equilibrium.  Which ONE of the following statements regarding this 
equilibrium is true? 

A. The concentrations of the individual reactants and products are constant 

B. The concentrations of the individual reactants and products are equal 

C. The concentrations of the individual reactants are zero 

D. The concentrations of the individual products increase until the reaction stops 

  



 

 
 

Question 4 

When the equilibrium constant of a reversible reaction has a value much greater than 1 (Kc > 1), it 
indicates that… 

A. a higher concentration of products than reactants will be formed 

B. a lower concentration of products than reactants will be formed 

C. the reaction will reach equilibrium quickly 

D. the reaction will take a long time to reach equilibrium 

Question 5 

Diagrams P, Q and R represent difference reaction mixtures of the following hypothetical reaction that 
is at equilibrium in a closed container at a certain temperature.  

 

If at equilibrium Kc = 2, which diagram(s) correctly represent(s) the mixture at equilibrium? 

A. P only 

B. Q only 

C. R only 

D. P, R and Q 

 
Improve your skills 

Question 1 

(Adapted from Exemplar 2014) 

A sample of N2O4 gas is sealed in a container and heated.  The N2O4 gas decomposes to NO2 gas 
and the reaction reaches equilibrium according to the following balanced equation: 

                          

The graph below shows how the concentrations of the two gases change as a result of changes made 
to the reaction conditions. 



 

 
 

 

1.1. Define the term chemical equilibrium 

1.2. How does the rate of the forward reaction compare to that of the reverse reaction at each of the 
following times?  Only write down HIGHER THAN, LOWER THAN or EQUAL TO 

1.2.1. t3 

1.2.2. t2 

1.3. Initially 0,92 mol N2O4 gas is sealed in a 2 dm
3
 container and heated to 100

o
C.  At equilibrium it 

is found that 0,19 mol of the N2O4 gas has decomposed to NO2  gas.  Calculate the equilibrium 
constant (Kc) for this reaction at 100

o
C. 

Question 2 

(Adapted from Feb – March 2009) 

Nitric oxide (NO(g)) forms in internal combustion engines by the direct combination of nitrogen and 
oxygen according to the following reversible reaction: 

                                              

During a research experiment carried out by initially adding 1 mol of O2(g) and 1 mol of N2(g) in a 2 
dm

3
 closed container at 300 K, it was found that the concentration of the NO(g) present in the 

container at equilibrium was 0,1 mol.dm
-3

. 

Calculate the equilibrium constant (Kc) for the reaction at this temperature.  

Question 3 

(Adapted from Feb – March 2009) 

A fertilizer company produces ammonia on a large scale at a temperature of 450
o
C.  The balanced 

equation below represents the reaction that takes place in a sealed container.  

                              

To meet an increased demand for fertiliser, the management of the company instructs their engineer 
to make the necessary adjustments to increase the yield of ammonia. 

In a trial run on a small scale in the laboratory, the engineer makes adjustments to the temperature, 
pressure and concentration of the equilibrium mixture.  The graph below represent the results 
obtained.  



 

 
 

 

3.1. At which time(s) did the change made to the reaction mixture lead to a higher yield of 
ammonia?  Write only t1 and/or t2 and/or t3 

3.2. The engineer now injects 5 mol N2 and 5 mol H2 into a 5 dm
3 
 sealed empty container.   

Equilibrium is reached at 450
o
C.  Upon analysis of the equilibrium mixture, he finds that the 

mass of NH3 is 20,4 g. 

Calculate the value of the equilibrium constant (Kc) at 450
o
C 


