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Chemical Equilibrium 
Key Concepts 
 
This lesson focuses on the following:  
 

• Terminologies used in chemical equilibrium 

• Representation of chemical equilibrium using graphs 

• The Equilibrium Constant 

• Le Chatelier’s Principle 

• Factors affecting chemical equilibrium 
 

Terminology & definitions 
 

• Chemical equilibrium – a state in a reversible reaction in a closed system where 
the rate of the forward reaction equals the rate of the reverse reaction. 

• Reactants – chemical entities in the form of atoms or molecules written on the left 
side of a chemical equation that interact together to form (a) product(s). 

• Products – chemical substances written on the right hand side of a chemical 
equation formed when a chemical reaction takes place. 

• Forward reaction – the chemical interaction of the reactants to produce the 
products. 

• Reverse reaction – the chemical interaction of the products (chemical break down 
of a product) to produce the reactants. 

 
 
X-planation of key concepts and terminologies 

When a reversible reaction occurs in a closed system, a state of chemical equilibrium 
can be reached. Chemical equilibrium is a state in a reversible reaction where the rate 
of the forward reaction equals the rate of the reverse reaction. A closed system is one 
where no matter is allowed to enter or leave the system.  
 
Suppose a hypothetical reversible reaction between A and B occurs in a closed 
system, and the product, C and D, are formed. At the beginning of the reaction, only A 
and B are available, and, therefore, no products are formed yet. However, with time, 
the products, C and D, will begin to form while, at the same time, the number of moles 
of the reactants will start to decline/decease. At this stage, some of the newly formed 
products (C and D), will start to interact with each other to form the reactants, A and B, 
since the reaction is reversible. However, the rate at which A and B react to produce C 
and D is still greater at this stage, compared to the rate at which C and D react to form 
the reactants. Thus the amount of the products formed will continue to increase as it 
takes less time to form them, compared to the time it takes to form the reactants. We 
say that the forward reaction is occurring faster than the reverse reaction. This 
process will proceed until the rate at which the forward reaction occurs, equals the rate 
at which the reverse reaction occurs. At this stage, the chemical reaction is said to 
have reached a state of chemical equilibrium, represented as follows:  
 
 A(g)   +   B(g)           C(g)    +    D(g) 
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At chemical equilibrium the concentrations of the reactants and products are constant. 
On the graph below this is shown for the first 5s shown. At 5s, the concentration of A, 
[A], increases suddenly (see vertical line).  As a result there is a change in the 
concentrations of all the other reactant (decrease) and the product (increase) as 
shown in the graph. At 8s the concentrations are again constant as chemical 
equilibrium is established again.  
 
 
 
 
 
 
 
 
 
 
 
 
Note at chemical equilibrium the rate of the forward reaction is equal to the rate of the 
reverse reaction. When the concentration of a reactant changes both rates are 
affected as indicated on the graph below:  
 
 
 
 
 
 
 
 
 
 
Since the process occurs in a closed system which is usually a container with a 
specific volume, the concentrations of the various chemical substance involved in the 

reaction can be calculated at any point using the formula;  
v

n
c =  where n is the 

number of moles of a substance and v is the volume of the container. From the graph 
above, we can see that the concentrations of the reactants decrease over time, while 
the concentrations of the products increase. The graph also shows that at a certain 
time, the concentrations of both reactants and products stabilise and remain constant 
thereafter. The equilibrium concentrations are used to calculate for the equilibrium 
constant of the reaction, Kc. The equilibrium constant is the ratio of the equilibrium 
concentrations of products to the equilibrium concentrations of the reactants. For this 
reaction, the equilibrium constant will be found as follows: 
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Therefore, if we are asked to find the equilibrium constant of a specific reversible 
reaction, we will need to find out the equilibrium concentrations of all the chemical 
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substance involved in the reaction. Please note that the concentrations of solids and 
liquid water are constants and, therefore, cannot be used in calculating for the 
equilibrium constant.  
 
A disturbance on the state of chemical equilibrium is possible. Factors that can affect 
the state of chemical equilibrium are: 
 

• Concentration 

• Temperature 

• Pressure 
 
According to Le Chartelier’s principle, a system in equilibrium will always react to any 
stress (change in condition) in a manner that will favour the side of the chemical 
reaction that tends to relieve the stress. The change in condition or the stress is 
brought about by the change in one of the following:  temperature, concentration or 
pressure.  
 
Le Chatelier’s principle states that if a system in equilibrium experiences stress, the 
equilibrium will favour the side of the reaction that tends to relieve the stress. 
 

• If the concentration of a reactant in an equilibrium system increases, the 
equilibrium will favour the forward reaction in order to minimise increase in such 
a reactant.  

• If there is a decrease in the concentrations of one of the products for a closed 
system in chemical equilibrium, the forward reaction will be favoured to 
minimise the decrease.  

• An increase in the temperature of a system in equilibrium would always cause 
the system to favour the endothermic side of the reversible reaction. This is 
because the system would want to minimise the amount of heat energy brought 
about by the increase in temperature by using it. If the system is cooled off 
(temperature decreases), the equilibrium will favour the exothermic side of the 
system. Change in temperature of a system in equilibrium also changes the 
value of the equilibrium constant. 

• Pressure is inversely proportional to the volume. An increase in pressure will 
cause the equilibrium to favour the side with a smaller volume in a system that 
has reached equilibrium. A decrease in pressure will cause the equilibrium to 
favour the side with a bigger volume. It is also important to note that this 
condition only applies to substances that are in gaseous form. 
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X-ample Questions 

1. A closed 1 dm3 container has 4 moles of nitrogen dioxide at 300C. The molecules 
combine to form the dimmer, dinitrogen tetraoxide and after sometime, chemical 
equilibrium is established as represented by the chemical equation:  
 
 2 NO2(g)   N2O4(g) 
 
At equilibrium, there are 2 moles of nitrogen dioxide present. Draw a sketch graph to 
show how the concentrations of the reactants and products changed during the 
reaction. 
 
2. Study the following reaction at equilibrium: SO2(g) + NO2(g) ↔ NO(g) + SO3(g). The 
equilibrium concentrations of the substance are as follows: 
 
[SO2] = 0,2 mol·dm-3, [NO2] = 0,1 mol·dm-3, [NO] = 0,4 mol·dm-3, [SO2] = 0,2 mol·dm-3.  
 

Calculate the equilibrium constant. 
 
3. 14 g of NH3 gas is sealed into a 2,0 dm3 reaction vessel and exposed to a 
 temperature of 600 K. The ammonia gas then decomposed and reaches equilibrium 
 as follows: 
 
 2 NH2(g)            N2(g) + 3 H2(g) 
 
Upon analysis of the equilibrium mixture, the concentration of NH3 gas was found to 
be 0,3 mol·dm-3.Calculate the concentrations of nitrogen and hydrogen gases at 
equilibrium.  
 
4. Hydrogen gas and Iodine gas are allowed to react in a sealed container of fixed 
volume and reaches chemical equilibrium according to the following equation:  
 
 H2(g) + I2(g)    2 HI(g).  
 
The number of moles of Iodine gas was increased after equilibrium.  
 
a.) Predict what will happen to the position of the equilibrium. 

b.) Explain your answer above by applying Le Chatelier’s principle. 

c.) What will happen to the value of the equilibrium constant for this reaction? 
 

5. The reversible catalysed step during the contact process for the preparation of 
 sulphuric acid may be represented by the following chemical equation: 
 

 2 SO2(g) + O2(g)            2 SO3(g) ; ∆H = - 198 kJ. 
 

The reaction reaches equilibrium after sometime.  
 

a.)  Is this reaction exothermic or endothermic? Give a reason for your answer. 

b.)  How will an increase in temperature influence the concentration of SO3 at 
 equilibrium? Explain your answer using Le Chatelier’s principle. 

c.)  What changes can be made to the equilibrium system to increase the production 
 of SO3 gas? 
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d.)  How will the addition of a catalyst influence the production of SO3 gas? 

e.)  How will the equilibrium constant (Kc) of this reaction be influenced if the pressure 
is increased while the temperature is kept constant? Give a reason for your 
answer. 

 
X-ercise 
 

1. A reaction is initiated by injecting 4 moles of nitrogen and 7 moles of hydrogen 
gases in a closed 2 dm3 container. The container warms up as the reaction 
takes place and equilibrium is reached after 20 seconds. When the reaction 
mixture was analysed at equilibrium, it was found that it contained 2 moles of 
nitrogen.  

 

1.1 Write down a balanced chemical equation showing the reaction between 
nitrogen and hydrogen to form ammonia gas. 

1.2 Is the reaction exothermic or endothermic? Explain your answer. 

1.3 Calculate the number of moles of hydrogen gas and ammonia gas available at 
equilibrium. 

1.4 Calculate the equilibrium constant for this reaction. 

1.5 What changes would you make on this equilibrium system to increase the yield 
of ammonia gas? 

 
 
Answer 
1.1  N2  + 3H2       2NH3 
1.2  Exothermic since heat is released and the container warms up. 
1.3  n(H2) = 1 mol  n(NH3) = 4 mol 
1.4  Kc = 32 
1.5  Increase concentration of nitrogen gas or / and hydrogen gas 
  Increase pressure 
  Decrease the temperature ( but not too much to stop the reaction) 

 

 


