


Equilibria 

Reversible reactions tend to reach a state of dynamic equilibrium. 

Features of dynamic Equilibrium: 

 Forward and reverse reactions proceed at equal rates.

 Concentrations of reactants and products remain constant.

 Dynamic equilibrium is established in a closed system.

Position of equilibrium: 

The term ‘position of equilibrium’ is used to describe the composition of the equilibrium 
mixture. If the position of equilibrium favors the reactants (also referred to as “towards 
the left”), then the equilibrium mixture will mainly contain reactants. 

Le – Chatelier’s Principle: 

If the conditions of a dynamic equilibrium are altered, the equilibrium shifts to offset the 
change. 

Effect of Temperature on Equilibrium 

If the temperature is increased, the equilibrium will shift to oppose the change and move 
towards the endothermic direction in an attempt to absorb heat and reduce the 
temperature and reversely, 

If the temperature decreases, the system will shift towards the exothermic direction to 
release heat and increase the temperature. 
------------------------------------------------------------------------------------------------------------------- 

-------------------------------------------------------------------------------------------------------------------- 
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Effect of Pressure on Equilibrium 

 
With an increase in pressure, the equilibrium shifts to the side of the reaction with fewer 
moles of gas. This shift reduces the pressure as fewer gas molecules occupy the 
system. Therefore, the reaction will favor the side with fewer gas moles to maintain 
equilibrium. 
--------------------------------------------------------------------------------------------------------------------- 
 

 
 
--------------------------------------------------------------------------------------------------------------------- 

If the number of moles of gas is the same on both sides of the equation, then 
changing pressure will have no effect on the position of the equilibrium. 
 
 

   CO(g)  +     H2O(g)     ⇌   CO2(g) +  H2(g) 

 

 

 Industrial conditions 
 

Applying more pressure during a chemical reaction can result in a greater 
amount of product and a quicker rate of reaction. However, in an industrial 
setting, generating high pressures can be costly due to the high electrical energy 
required to pump gases and maintain the high pressure. Additionally, equipment 
designed to contain high pressures is expensive. 
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Effect of Concentration on Equilibrium 

 

An increase in reactant concentration will shift equilibrium towards products, while 
decreasing concentration will shift towards reactants. 

 
Effect of Catalysts on Equilibrium 
 
A catalyst does not affect the position of equilibrium. However, it can accelerate the rate 
at which the equilibrium is reached. This happens because it speeds up both the 
forward and backward reactions by the same amount. 

 

Industrial process involving Le – Chateliers principle 
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EXAM QUESTIONS 
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Equilibrium Constant (Kc)  
 
The equilibrium constant (Kc) is a numerical value that expresses the ratio of product 
concentrations to reactant concentrations at a state of dynamic equilibrium for a 
chemical reaction. 
 

General Form: 
 

 For a generic reaction: aA + bB ⇌ cC + dD 
 The equilibrium constant expression (Kc) is written as follows: 

 
Kc = [C]c [D]d / [A]a [B]b 

 
 
Key Points: 

 

 Kc Expression: 
 
The expression is always written in terms of the concentrations of products over 
reactants, with each concentration raised to the power of its coefficient in the 
balanced chemical equation. 
 

 Units of Kc: 
 
The units of Kc depend on the specific reaction and are determined by the 
powers to which the concentrations are raised. Kc has no units if concentrations 
are in moles per liter (mol/L). 
 

 Magnitude of Kc: 
 
If Kc >> 1, it indicates that the reaction strongly favors the formation of products 
at equilibrium. 
 
If Kc << 1, the reaction strongly favors the reactants at equilibrium. 
 
If Kc ≈ 1, it suggests a relatively even mixture of products and reactants 
equilibrium. 
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--------------------------------------------------------------------------------------------------------------------- 
 
Example  

 
Suppose you have a reaction vessel where 0.050 moles of N2O4 and 0.010 moles of 
NO2 are initially placed in a 0.5 dm3 container. At equilibrium, you measure that there 
are 0.020 moles of N2O4 and 0.040 moles of NO2. 
 

N2O4(g) ⇌ 2NO2(g) 
 

 
Given: 

 
 Initial moles of N2O4 = 0.050 moles 
 Initial moles of NO2 = 0.010 moles 
 Equilibrium moles of N2O4 = 0.020 moles 
 Equilibrium moles of NO2 = 0.040 moles 
 Volume of the container (V) = 0.5 dm3 (0.5 liters) 

 
First, calculate the initial concentrations of N2O4 and NO2 

 
 [N2O4] (initial) = (0.050 moles) / (0.5 liters) = 0.10 M 
 [NO2] (initial) = (0.010 moles) / (0.5 liters) = 0.02 M 

 
Now, calculate the equilibrium concentrations: 
 

 [N2O4] (equilibrium) = (0.020 moles) / (0.5 liters) = 0.04 M 
 [NO2] (equilibrium) = (0.040 moles) / (0.5 liters) = 0.08 M 
  

 

 
 

 
Using the equilibrium concentrations, you can set up the expression for Kc 

 
Kc = ([NO2]2) / [N2O4] 
Kc = (0.082) / 0.04 
Kc = 0.0064 / 0.04 
Kc = 0.16 M-1 
 
--------------------------------------------------------------------------------------------------------------------- 
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Effect of Temperature 
 

 For Endothermic Reactions (ΔH > 0): An increase in temperature will shift the 
equilibrium position in the direction of the endothermic reaction, favoring the 
products. As a result, the value of Kc will increase. 
 

 For Exothermic Reactions (ΔH < 0): An increase in temperature will shift the 
equilibrium position in the direction of the exothermic reaction, favoring the 
reactants. This leads to a decrease in the value of Kc. 

 
 
Effect of Pressure on the position of equilibrium and Kc 
 
The value of Kc remains constant with temperature, even if the position of equilibrium 
changes due to alterations in pressure. 
 
Effect of catalyst 
 

Catalysts have no effect on the value of Kc or the position of equilibrium as they speed 
up both forward and backward rates by the same amount. 
 
--------------------------------------------------------------------------------------------------------------------- 
 

Exam Questions 

 
------------------------------------------------------------------------------------------------------------------- 
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