
Chemical Equilibrium



Reversible reactions

So far reactions have been show as 

2Mg + O2 2MgO 

indicating the reaction proceeds from left to right (forward direction) only.

However many reactions can occur in both directions, these are shown using 
the            symbol.

e.g. N2 + 3H2 2NH3

Reversible reaction is one where the products react to form the reactants. The 
reaction occurs in both directions 



Chemical Equilibrium

Chemical equilibrium is a state of dynamic equilibrium in reversible 
reactions where the rate of the forward reaction is equal to the rate of 
the reverse reaction.

The products are being formed at the same rate as the reactants are 
being formed.



Dynamic State

In a dynamic state the reactants are continuously forming products and 
the products are continuously forming reactants.

In dynamic equilibrium the rate of the forward reaction is equal to the 
rate of the reverse reaction.



Le Chatelier’s Principle

Le Chatelier’s Principle states that if a stress is applied to a system at 
equilibrium the system re-adjusts to relieve the stress applied.

If the conditions in which the reaction is occurring change, then the 
chemical equilibrium will change to suit the new conditions.



Change in concentration

If the concentration of a reactant is increased the equilibrium will shift to the right, 
producing more product to absorb the increase.

If the concentration of a product is increased the equilibrium will shift to the left, 
producing more reactant to absorb the increase.

N2 + 3H2 2NH3

If more N2 is added then equilibrium will shift to the right to absorb the change 
increasing the concentration of NH3. 



Change in temperature

Exothermic reactions give out heat. These are symbolised by a negative ΔH  

2NO2              N2O4 ΔH = -58.1 kJ mol-1

Endothermic  reactions take in heat. These are symbolised by a positive ΔH

N2 + O2 2NO  ΔH = + 180.5 kJ mol-1

The reverse reaction will always have the opposite heating effect to the forward 
reaction



Change in temperature
If temperature increases then the equilibrium will shift to favour the endothermic 
reaction.

If the temperature decreases then the equilibrium will shift to favour the 
exothermic reaction.

2NO2              N2O4 ΔH = -58.1 kJ mol-1

If heat is added to this reaction then the equilibrium will favour the endothermic 
reaction, which is the reverse reaction in this case. So more NO2 will be produced.



Change in pressure

In an all-gaseous reaction an increase in pressure will favour the reaction that 
brings about the smallest volume i.e. where the least number of molecules are 
produced.

N2 + 3H2 2NH3

1 molecule +    3 molecules 2 molecules

4 molecules       2 molecules

If the pressure is increased then equilibrium will shift to favour the forward 
reaction as this produces fewer molecules. So more NH3 is produced.



Change in pressure

For all gaseous reactions that have an equal number of molecules on 
both sides the change in pressure has no effect on equilibrium.

N2 + O2 2NO

Pressure has no effect on the above reaction’s chemical equilibrium as 
both sides have equal numbers of molecules.
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Industrial Applications of Le Chatelier’s
Principle

• Manufacture of Ammonia by the Haber Process

• Manufacture of Sulfuric Acid by the Contact Process



Manufacture of Ammonia by the Haber 
Process
• Ammonia is used to manufacture fertilisers (IFI plant Cobh, Co. Cork.) 

Ammonia is manufactured by reacting nitrogen (in air) with hydrogen 
( obtained from natural gas). 

N2 + 3H2 2NH3      ΔH = -92.4 kJ mol-1



Manufacture of Ammonia by the Haber 
Process
The amount of NH3 produced depends on the temperature and pressure of the 
reaction. 

The reaction is exothermic so yield will be greatest at low temperatures.
- rate of reaction is decreased at low temperatures, therefore a compromise temp 
of about 500 0C is used.

There are fewer molecules on the RHS so yield will be greatest at high pressure.
- very high pressure plant is expensive both to build & maintain. Therefore a 
compromise pressure of about 200 atmospheres is used in the production of 
ammonia.



Manufacture of Sulfuric Acid by the Contact 
Process

2S02 + O2 2SO3    ΔH = -196 kJ mol-1

SO3 + H2O H2SO4

The reaction is exothermic so yield will be greatest at low temperatures.
- rate of reaction is decreased at low temperatures, therefore a compromise temp 
of about 450 0C is used.

There are fewer molecules on the RHS so yield will be greatest at high pressure.
- very high pressure plant is expensive both to build & maintain. Therefore a 
compromise pressure of just above atmospheric pressure is used in the production 
of ammonia.

V2O5



Manufacture of Sulfuric Acid by the Contact 
Process
The presence of a catalyst is also required for the reaction to occur.

It has been found that very close contact is required between the two 
gases and the catalyst.



The Equilibrium Constant

aA + bB cC + dD

Kc = 
[𝐶]𝑐[𝐷]𝑑

[𝐴]𝑎 𝐵 𝑏

equilibrium constant concentration in mol/L

The larger the Kc value, the more the equilibrium is pushed towards the products 
(forward reaction).



N2 + 3H2 2NH3

At equilibrium it was found that there was 12 moles of N2, 1 moles of 
H2 and 1.5 moles of NH3

Kc = 
[𝑁𝐻3]

2

[𝑁2]
1 𝐻2

3

Kc = 
(1.5)2

(12)1 1 3

Kc = 
2.25

12
= 0.1875



H2 + I2 2HI

The Kc value for this reaction at 4500C is 50. Calculate the final 
concentrations if initially there was 1 mole of H2 and 1 mole of I2 

Kc = 
[𝐻𝐼]2

[𝐻2]
1[𝐼2]

1 = 50

Kc = 
(2𝑥)2

(1−𝑥)1(1−𝑥)1
= 50 x = 0.78 or 1.39

So

Concentration 
(mol/L)

H2 I2 2HI

Initial 1 1 0

Equilibrium (1 – x) (1 – x) 2x

Final (1 – x) (1 – x) 2x

(1.39 not possible as 
1 – 1.39 = -0.39)

Concentration 
(mol/L)

H2 I2 2HI

Final (1 – 0.78) = 0.22 (1 – 0.78) = 0.22 2(0.78) = 1.56


