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Introduction to Equilibrium 

Equilibrium refers to the state in a reversible chemical reaction when the rates of the 
forward and reverse reactions are equal, meaning the concentration of reactants and 
products remains constant over time. This concept is foundational in understanding 
dynamic systems in chemistry, where both reactants and products coexist in a balanced 
state. It’s important to note that equilibrium does not imply that the reaction stops; rather, 
it means that the forward and reverse reactions occur at the same rate. 

Key Concepts 
1. Reversible Reactions: 

o In reversible reactions, the reactants can form products, but those products 
can also revert to reactants. An example is the reaction of nitrogen and 
hydrogen to form ammonia: 

  𝑁2(𝑔) + 3𝐻2(𝑔) ⇌ 2𝑁𝐻3(𝑔) 

o This reaction can go in both directions, hence it is reversible. 

2. Dynamic Equilibrium: 

o At equilibrium, the reaction is still occurring, but there is no net change in the 
concentration of reactants and products. This is called dynamic 
equilibrium because the molecules are constantly moving, yet the overall 
concentration of reactants and products remains unchanged. 

o Dynamic equilibrium only occurs in closed systems (where nothing enters 
or leaves). 

3. Equilibrium Constant (K): 

o The equilibrium constant (K) is a number that expresses the relationship 
between the concentrations of reactants and products at equilibrium. It is 
defined as: 

  𝐾 =
[𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑠]

[𝑅𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠]
 

  In general, for a reaction 𝑎𝐴 + 𝑏𝐵 ⇌ 𝑐𝐶 + 𝑑𝐷, the equilibrium expression is: 



  𝐾 =
[𝐶]𝑐[𝐷]𝑑

[𝐴]𝑎[𝐵]𝑏
 

o The value of K helps predict the extent of the reaction. If K is much larger 
than 1, the products are favored. If K is much smaller than 1, the reactants 
are favored. 

4. Le Chatelier’s Principle: 

o This principle states that if a system at equilibrium is disturbed by changing 
the conditions (such as concentration, temperature, or pressure), the 
system will shift in a direction that counteracts the disturbance, in order to 
restore equilibrium. 

o For example, if you increase the concentration of reactants, the system will 
shift toward the products to restore equilibrium. 

Factors Affecting Equilibrium 
1. Concentration: 

o If the concentration of a reactant or product is changed, the system will shift 
to oppose the change. 

o Increasing the concentration of a reactant shifts the equilibrium to the right 
(towards more products). 

o Increasing the concentration of a product shifts the equilibrium to the left 
(towards more reactants). 

2. Temperature: 

o A change in temperature can affect the position of equilibrium depending on 
whether the reaction is exothermic or endothermic. 

o For exothermic reactions, heat is released, and increasing the temperature 
will shift the equilibrium towards the reactants (left). 

o For endothermic reactions, heat is absorbed, and increasing the 
temperature will shift the equilibrium towards the products (right). 

3. Pressure (for Gaseous Reactions): 

o Changing the pressure affects reactions involving gases. Increasing pressure 
shifts the equilibrium to the side with fewer gas molecules, while decreasing 
pressure shifts the equilibrium to the side with more gas molecules. 

4. Catalysts: 



o Catalysts speed up the attainment of equilibrium but do not affect the 
position of equilibrium or the equilibrium constant. They only help the 
system reach equilibrium faster. 

Mathematical Representation of Equilibrium 

To understand equilibrium quantitatively, the equilibrium constant (K) plays a crucial 
role. 

Example 1: 
For the reaction: 

𝑁2(𝑔) + 3𝐻2(𝑔) ⇌ 2𝑁𝐻3(𝑔) 

The equilibrium expression is: 

𝐾 =
[𝑁𝐻3]

2

[𝑁2][𝐻2]3
 

Example 2: 
For the reaction: 

2𝑆𝑂2(𝑔) + 𝑂2(𝑔) ⇌ 2𝑆𝑂3(𝑔) 

The equilibrium constant is: 

𝐾 =
[𝑆𝑂3]

2

[𝑆𝑂2]2[𝑂2]
 

If the concentrations of all species at equilibrium are known, K can be calculated. If K is 
known and the concentrations of some species are given, the concentrations of others can 
be determined. 

 

Applications of Equilibrium 
1. Industrial Processes: 

o One of the most famous industrial applications of equilibrium is the Haber 
process for the synthesis of ammonia. It involves the reaction: 

  𝑁2(𝑔) + 3𝐻2(𝑔) ⇌ 2𝑁𝐻3(𝑔) 

  Engineers manipulate temperature, pressure, and concentration to 
maximize the yield of ammonia. 

2. Biological Systems: 

o Equilibrium is crucial in biological systems. For example, in oxygen 
transport, hemoglobin binds to oxygen and releases it when necessary. The 



equilibrium between oxygenated and deoxygenated hemoglobin is key to this 
process. 

3. Environmental Science: 

o Chemical equilibrium plays a role in understanding acid-base reactions in 
oceans and lakes, affecting water quality, ecosystems, and environmental 
sustainability. 

 

Summary 
• Equilibrium is the state of a reversible reaction where the concentrations of 

reactants and products remain constant because the forward and reverse reactions 
occur at the same rate. 

• The equilibrium constant 𝐾 provides quantitative information about the position of 
equilibrium. 

• Le Chatelier’s Principle helps predict the direction in which a system at 
equilibrium will shift when conditions like concentration, temperature, or pressure 
are changed. 

• Industrial and biological processes rely on the principles of chemical equilibrium to 
optimize yields and maintain vital functions. 

By understanding and applying equilibrium concepts, students can explain and predict the 
behavior of systems in both laboratory settings and real-world applications. 
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