Chapter: Redox Reactions

Introduction

Redox reactions, short for reduction-oxidation reactions, are a fundamental conceptin
chemistry. These reactions involve the transfer of electrons between chemical species,
causing changes in their oxidation states. Understanding redox reactions is crucial in many
areas of chemistry, including organic reactions, electrochemistry, and even biological
processes like respiration. In this chapter, we will explore the concepts of oxidation and
reduction, how to identify them in a chemical reaction, and their applications in various
chemical processes.

1. What are Redox Reactions?

A redox reaction is a chemical process where one substance gets oxidized (loses
electrons) and another gets reduced (gains electrons). These reactions always occur
simultaneously because for one species to lose electrons, another must gain them.

Oxidation is the loss of electrons by a molecule, atom, or ion.
Reduction is the gain of electrons by a molecule, atom, or ion.

The substance that loses electrons is said to be oxidized, while the substance that gains
electronsis reduced. A simple way to remember this is the mnemonic:
OIL RIG - Oxidation Is Loss, Reduction Is Gain.

2. Oxidation States

The oxidation state (also known as oxidation number) is a concept that helps track how
many electrons an atom has gained or lost during a redox reaction.

Some key points about oxidation states:

e The oxidation state of an atom in an elemental form is always 0 (e.g., O,, N,).

e |Inacompound, the oxidation state of oxygen is typically -2, while hydrogen is +1
(except in metal hydrides where hydrogen has an oxidation state of -1).

e The sum of oxidation states in a neutral compound must be 0.
e In polyatomic ions, the sum of oxidation states equals the charge of the ion.

Example:



e InH,O, oxygen has an oxidation state of -2, and hydrogen has an oxidation state of
+1.

3. Identifying Oxidation and Reduction in Redox Reactions

To identify the oxidation and reduction half-reactions in a redox reaction, we follow these
steps:

1. Assign oxidation numbers to each element involved in the reaction.

2. Determine changes in oxidation numbers:
o Ifanelement’s oxidation number increases, it has been oxidized.
o If anelement’s oxidation number decreases, it has been reduced.

Example of a Redox Reaction:
Zn (s) + CuSO, (aq) — ZnSO, (aq) + Cu (s)

e Zn goes from 0 to +2 (oxidized).
e Cu® goes from +2 to 0 (reduced).

Thus, zinc is oxidized, and copper is reduced in this reaction.

4. Half-Reactions
Redox reactions can be split into two half-reactions:

e Oxidation half-reaction: This shows the element losing electrons.

e Reduction half-reaction: This shows the element gaining electrons.
For the reaction between zinc and copper sulfate, the half-reactions are:

e Oxidation: Zn (s) = Zn**(aq) + 2e~

e Reduction: Cu®**(aq) + 2e~ — Cu (s)

These half-reactions help to visualize the electron flow during the reaction.




5. Balancing Redox Reactions

Balancing redox reactions requires ensuring that both the mass and the charge are
balanced on both sides of the reaction. There are two primary methods for balancing redox
reactions:

a. The Half-Reaction Method:
1. Write the oxidation and reduction half-reactions.
2. Balance all elements except oxygen and hydrogen.
3. Balance oxygen atoms by adding H,O molecules.

4. Balance hydrogen atoms by adding H* ions (in acidic solution) or OH™ ions (in
basic solution).

5. Balance the charges by adding electrons.
6. Combine the half-reactions and ensure that both mass and charge are balanced.
b. The lon-Electron Method (for acidic and basic solutions):

This method involves balancing the charges and atoms by adding H* or OH™ ions
depending on whether the solution is acidic or basic.

6. Applications of Redox Reactions

Redox reactions play a vital role in a wide range of scientific, industrial, and biological
processes. Here are some key applications:

1. Corrosion:

o Therusting of iron is a redox reaction where iron (Fe) is oxidized to form
iron(lll) oxide (Fe,O;), and oxygen (O,) is reduced to form oxide ions.

2. Batteries:

o Inelectrochemical cells like a battery, a redox reaction occurs to generate
electrical energy. For example, in a zinc-carbon battery, zinc is oxidized, and
manganese dioxide is reduced.

3. Photosynthesis:

o In plants, during photosynthesis, water is oxidized (lLoses electrons) and
carbon dioxide is reduced (gains electrons) to form glucose.

4. Respiration:



o In cellular respiration, glucose (C¢H,,0,) is oxidized, and oxygen is reduced,
producing carbon dioxide, water, and energy.

7. Electrochemical Cells: A Deeper Look

An electrochemical cell is a device that uses redox reactions to generate electrical
energy. It consists of two half-cells, each containing an electrode and an electrolyte. The
two half-reactions take place at the electrodes:

e The anode is where oxidation occurs (loss of electrons).
e The cathode is where reduction occurs (gain of electrons).

In a galvanic cell (e.g., a battery), the two half-reactions are separated, and the flow of
electrons through an external circuit produces electrical current.

Summary

Redox reactions are crucial in understanding how chemical processes work, both in the
lab and in nature. These reactions involve the transfer of electrons, with one substance
being oxidized (losing electrons) and the other being reduced (gaining electrons). Key to
identifying redox reactions is recognizing changes in oxidation states and balancing the
reactions to maintain both mass and charge. Redox reactions are essential to processes
like respiration, photosynthesis, corrosion, and energy storage in batteries. Mastery of
redox concepts is foundational for understanding many aspects of chemistry, from simple
reactions to complex industrial and biological processes.
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