Chemical Equilibrium

Lecture Notes on Introduction to Chemical Equilibrium

Introduction to Equilibrium

In the study of chemistry, equilibrium is a fundamental concept describing a state where opposing
processes or reactions occur at the same rate. This balance is crucial in understanding how reactions
behave under various conditions and is applicable in diverse fields like industrial processes, biological
systems, and environmental chemistry.

Definition of Equilibrium

Equilibrium is defined as the state of a system where the rate of the forward process equals the rate of
the reverse process, resulting in no net change in the system's observable properties over time.

Key Features of Equilibrium:

1. Dynamic Nature: Equilibrium is dynamic, meaning that even though there is no macroscopic
change, microscopic processes (forward and reverse reactions) are continuously occurring.

2. Constant Concentrations: The concentrations of reactants and products remain constant over
time at equilibrium.

3. Reversible Systems: Equilibrium can only be achieved in reversible systems.

Examples of Equilibrium in Real Life:
1. Chemical: The reaction between hydrogen and iodine to form hydrogen iodide:
Hy(g) + I(g) = 2HI(g)
2. Physical: The phase transition between liquid water and water vapor in a closed container:
H,0(l) = H»0(g)

3. Biological: The binding and release of oxygen by hemoglobin in the bloodstream.

Types of Processes

Chemical and physical processes are broadly categorized into irreversible and reversible processes
based on the directionality of change.

1. Irreversible Processes

o Definition: A process that proceeds in only one direction and cannot return to its original state
without an external intervention.
e Characteristics:
o Non-equilibrium processes.
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o Associated with significant energy dissipation (e.g., heat or work).
o Examples: Combustion of fuel, rusting of iron, melting of ice at ambient temperature.

2. Reversible Processes

¢ Definition: A process that can proceed in both forward and reverse directions, potentially
achieving a state of equilibrium.
e Characteristics:
o Dynamic and occurs in a closed system.
o Equilibrium can be achieved where the forward and reverse processes are balanced.
o Examples:
» Dissolution of sugar in water: Sugar (solid) = Sugar (solution).
» Gaseous reactions in a closed container: Ny(g) + 3Hz(g) = 2NHjs(g).

Comparison: Irreversible vs Reversible Processes

Aspect Irreversible Process Reversible Process
Direction One-way Two-way (Forward and Reverse)
System Open or Closed Closed
Equilibrium Does not achieve equilibrium Achieves dynamic equilibrium
Energy Dissipation Significant Minimal
Examples Combustion, rusting Phase changes, chemical equilibria

Importance of Equilibrium

1. Predicting Reaction Behavior: Helps understand the extent to which a reaction proceeds.

2. Industrial Applications: Critical in optimizing conditions for reactions like ammonia synthesis
(Haber process).

3. Biological Relevance: Equilibrium principles are foundational in physiological processes like
respiration and acid-base balance.
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