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Redox reactions, short for reduction-oxidation reactions, are fundamental processes in chemistry
involving the transfer of electrons between species. When balancing these reactions, especially in
acidic solutions, it is crucial to follow systematic steps that ensure both mass and charge balance.
Properly including phases—indicating whether a species is in aqueous, solid, gaseous, or ionic
form—provides clarity and precision, especially when dealing with complex reactions. This article
offers an in-depth guide on how to complete and balance a redox reaction in acidic medium, with
detailed explanations and illustrative examples.

Understanding Redox Reactions in Acidic Solutions

What Is a Redox Reaction?

A redox reaction involves two simultaneous processes:
- Oxidation: Loss of electrons by a species.
- Reduction: Gain of electrons by a species.

These processes always occur together; one species' oxidation is coupled with another's reduction.

Importance of Acidic Medium

Balancing redox reactions in acidic solutions requires consideration of hydrogen ions (H*) and water
(H20) molecules. Acidic conditions provide H* ions necessary for balancing equations, especially
when oxygen or other species are involved.

General Approach to Balancing Redox Reactions in
Acidic Solution

Balancing redox reactions typically involves a step-by-step method:
1. Identify the species undergoing oxidation and reduction.



2. Write separate half-reactions for oxidation and reduction.

3. Balance each half-reaction for atoms other than O and H.

4. Balance oxygen atoms by adding H20.

5. Balance hydrogen atoms by adding H* ions.

6. Balance the electrons transferred in each half-reaction to be equal.
7. Combine the half-reactions, canceling out common species.

8. Verify the atom and charge balance.

Including phases at each step ensures clarity and correctness, especially for complex reactions.

Step-by-Step Example: Balancing a Redox Reaction in
Acidic Solution

Let's consider an example reaction:

\[

\text{Unbalanced reaction: } \text{MnO} 4"-(aq) + \text{C} 2\text{O} 4~ {2-}(aq) \rightarrow
\text{Mn}"~{2+}(aq) + \text{CO} 2(g)

\]

Our goal is to balance this reaction in acidic medium, including proper phases.

Step 1: Write the Unbalanced Skeleton Equation with Phases

\[

\text{MnO} 4"-(aq) + \text{C} 2\text{O} 4"~ {2-}(aq) \rightarrow \text{Mn}"{2+}(aq) +
\text{CO} 2(qg)

\]

Step 2: Identify Oxidation and Reduction

- Oxidation: C2042- (oxalate ion) is oxidized to CO-.
- Reduction: MnO+~ (permanganate ion) is reduced to Mn?*.

Step 3: Write Separate Half-Reactions

Reduction half-reaction:

\[

\text{MnO} 4"-(aq) \rightarrow \text{Mn} "~ {2+}(aq)
\]

Oxidation half-reaction:

\[

\text{C} 2\text{O} 4~{2-}(aq) \rightarrow \text{CO} 2(g)
\]



Step 4: Balance Atoms Other Than O and H

- Reduction: Mn is already balanced.
- Oxidation: There are 2 carbons in C2042~ and 2 carbons in 2 CO2 molecules, but since we're
balancing per one oxalate ion, it becomes:

\[
\text{C} 2\text{O} 47{2-} \rightarrow 2 \text{CO} 2

\]

Step 5: Balance Oxygen Atoms by Adding H20

- Reduction:

- MnOa~ has 4 oxygens; these are balanced with water molecules if needed during later steps.
- Oxidation:

- C204?~ has 4 oxygens; 2 CO2 molecules have 4 oxygens, so oxygen atoms are balanced.

Step 6: Balance Hydrogen Atoms by Adding H*

- Reduction:

- No H atoms are present; no H* needed here.
- Oxidation:

- No H atoms involved; no H* needed here.

Step 7: Balance Electrons Transferred

Determine electrons transferred in each half-reaction:
- Reduction of MnOas~ to Mn?2+:
Balance oxygen by adding H20:

\[
\text{MnO} 4"-(aq) \rightarrow \text{Mn}"~{2+}(aq)
\]

Add 4 H:0 to the right to balance oxygen:

\[
\text{MnO} 4"-(aq) \rightarrow \text{Mn}"{2+}(aq) + 4 \text{H} 2\text{O}(l)
\]

Balance H atoms by adding H*:

\[



\text{MnO} 47-(aq) + 8 \text{H} "~ +(aq) \rightarrow \text{Mn}"~{2+}(aq) + 4
\text{H} 2\text{O}(1)

\]

Balance charge by adding electrons:

Left charge: \(-1 + 8(+1) = +7\)

Right charge: \(+2\)

Electrons needed: 5 electrons to balance charge:

\[

\text{MnO} 4"-(aq) + 8 \text{H}~+(aq) + 5 e”- \rightarrow \text{Mn}~{2+}(aq) + 4
\text{H} 2\text{O}(1)

\]

- Oxidation of C204%~ to 2 COz2:

Balance atoms:

&ext{C}_Z\text{O}A"{2-} \rightarrow 2 \text{CO} 2
\]

Balance charge by adding electrons:

Left charge: \(-2\)

Right charge: 0 (neutral molecules)

Electrons lost: 2 electrons:

\[
\text{C} 2\text{O} 4~{2-} \rightarrow 2 \text{CO} 2 + 2 e"-

\]

Step 8: Equalize Electrons and Combine Half-Reactions

- To combine, electrons must be equal in both half-reactions.
Multiply the oxidation half-reaction by 5:

\[
5\text{C} 2\text{O} 47 {2-} \rightarrow 10 \text{CO} 2 + 10 e”-

\]

Multiply the reduction half-reaction by 2:



\[

2 \text{MnO} 47-(aq) + 16 \text{H}"~+(aq) + 10 e”- \rightarrow 2 \text{Mn}"~{2+}(aq) + 8
\text{H} 2\text{O}(1)

\]

Now, electrons cancel out when adding the two:

\[

2 \text{MnO} 4"-(aq) + 16 \text{H} " +(aq) + 5 \text{C} 2\text{O} 4~{2-}(aq) \rightarrow 2
\text{Mn}"~{2+}(aq) + 8 \text{H} 2\text{O}(1) + 10 \text{CO} 2(g)

\]

Step 9: Write the Final Balanced Equation with Phases

Adding phases to each species:

\[
\boxed{
\text{Reactants:} \quad 2 \text{MnO} 4"-(aq) + 16 \text{H}"~+(aq) + 5 \text{C} 2\text{O} 4~{2-

Hag) \\

\text{Products:} \quad 2 \text{Mn}"~{2+}(aq) + 8 \text{H} 2\text{O}(1) + 10 \text{CO} 2(g)
}

\]

This is the complete and balanced redox reaction in acidic solution, with proper phases included.

Additional Tips for Balancing Redox Reactions in Acidic
Medium

o Always identify oxidation states: Determine which species are oxidized and reduced to
guide half-reaction writing.

e Use water and H* to balance oxygen and hydrogen: In acidic solutions, water molecules
help balance oxygen, and H* ions balance hydrogen.

» Balance electrons carefully: Ensure electrons lost and gained are equal before combining
half-reactions.

e Verify the final equation: Confirm that atoms and

Frequently Asked Questions



How do you balance a redox reaction in an acidic solution
with proper phases?

To balance a redox reaction in acidic solution, first split the reaction into oxidation and
reduction half-reactions, balance atoms other than H and O, add H+ to balance H, add H20 to
balance O, then add electrons to balance charge. Finally, combine the half-reactions and
include phases for each species, ensuring the final equation is balanced in atoms, charge, and
phases.

What are the key steps to complete and balance a redox
reaction in acidic medium with phases?

Key steps include: 1) Write the unbalanced equation with phases; 2) Separate into oxidation
and reduction half-reactions; 3) Balance atoms other than H and O; 4) Balance O with H20; 5)
Balance H with H+ ions; 6) Balance charge with electrons; 7) Combine the half-reactions; 8)
Ensure all atoms and charges are balanced, and add phases to each species.

Why is it important to include phases in a balanced redox
reaction in acidic solution?

Including phases (solid, aqueous, gas, liquid) clarifies the states of each species, ensures
correct balancing, and is essential for understanding reaction mechanisms, predicting reaction
conditions, and accurately representing the chemical process.

Can you provide an example of balancing a redox reaction
in acidic solution with phases?

Yes. For example, balancing the reaction between permanganate and iron(II):

Unbalanced: MnO4—(aq) + Fe™{2+}(aq) » Mn"{2+}(aq) + Fe™ {3+}(aq)

Balanced with phases: MnO4—(aq) + 8H+(aq) + 5Fe™{2+}(aq) » Mn"{2+}(aq) + 4H20(l) +
S5Fe” {3+}(aq)

This includes phases and shows the proper balancing steps.

What common mistakes should be avoided when balancing



redox reactions in acidic solutions?

Common mistakes include forgetting to include H+ or H20 to balance atoms, neglecting to
balance charges with electrons, not including phases for each species, and failing to verify that
both atoms and charges are balanced in the final equation.

Additional Resources
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Understanding how to properly complete and balance redox reactions, especially in acidic
solutions, is fundamental in chemistry. These reactions are central to various industrial
processes, biological systems, and analytical techniques. Proper balancing ensures the
conservation of mass and charge, enabling accurate predictions of reaction outcomes and
stoichiometric calculations. This article offers a comprehensive guide to completing and
balancing redox reactions in acidic medium, emphasizing the importance of correct phases
and detailed step-by-step procedures.

Introduction to Redox Reactions in Acidic Solutions

Redox (reduction-oxidation) reactions involve the transfer of electrons between species. In
acidic solutions, protons (H*) and water molecules often participate in balancing the reactions.
These reactions are characterized by two half-reactions: oxidation (loss of electrons) and
reduction (gain of electrons). Properly balancing these half-reactions and combining them
ensures the overall reaction remains consistent with the principles of conservation of mass and
charge.

Features of redox reactions in acidic medium:

- Proton (H*) and water (H20) molecules are commonly used to balance hydrogen and oxygen
atoms.

- Electrons are balanced to match the oxidation and reduction processes.

- Phases (gaseous, aqueous, solid) are crucial for clarity and accuracy.

Pros:
- Applicable to a wide range of chemical and industrial processes.

- Facilitates understanding of oxidation states and electron transfer.
- Essential for titrimetric and spectrophotometric analyses.



Cons:
- Can be complex for multi-electron transfer reactions.

- Requires meticulous attention to phases and balancing steps.
- Sometimes confuses students due to multiple balancing steps involved.

Step-by-Step Procedure for Balancing Redox
Reactions in Acidic Solution

Properly balancing a redox reaction in acidic medium involves several methodical steps:
1. Write the Unbalanced Skeleton Equation

Identify the reactants and products, including their phases, and write the unbalanced
equation.

Example:

Suppose we are to balance the following unbalanced reaction:
\[ \mathrm{MnO 4"- (aq) + C 20 4"~ {2-} (aq) \rightarrow Mn"~{2+} (aq) + CO_2 (g)} \l

2. Separate the Reaction into Half-Reactions

Divide the reaction into oxidation and reduction parts.

- Oxidation half-reaction: where electrons are lost.
- Reduction half-reaction: where electrons are gained.

For the example:

Oxidation: \[ \mathrm{C 20 4~ {2-} \rightarrow CO 2} \]
Reduction: \[ \mathrm{MnO 4~-\rightarrow Mn"{2+}} \]

3. Balance Atoms Other Than O and H

Balance all elements except oxygen and hydrogen in each half-reaction.

Example:



- Oxidation: Carbon atoms are balanced (2 carbons to 2 CO2).
- Reduction: Manganese atom is already balanced.

4. Balance Oxygen Atoms Using H20

Add H20 molecules to balance oxygen atoms.
Example:

- Reduction: MnO+~ has 4 oxygens, so add 4 H20 to the product side to balance oxygens if
necessary.

5. Balance Hydrogen Atoms Using H*

Add H* ions to balance hydrogen atoms where needed.

Example:
- In the reduction half-reaction, balance hydrogens by adding H* ions to the side deficient in
hydrogen.

6. Balance Charge with Electrons (e-)

Adjust electrons to balance the charge on both sides of each half-reaction.

Example:
- For oxidation: Count the total charge and add electrons to balance.

- For reduction: Do the same, ensuring electrons are added to balance the charges.

7. Equalize the Number of Electrons Transferred

Multiply the half-reactions by appropriate coefficients so that the electrons lost in oxidation
equal electrons gained in reduction.

8. Combine the Half-Reactions

Add the balanced half-reactions, canceling out common terms like electrons, H20, and H*



where appropriate.
9. Write the Final Balanced Equation with Phases

Express the balanced reaction, including phases (solid (s), aqueous (aq), gas (g), and liquid (1)).

Applying the Method: A Detailed Example

Let’s apply this process to the example reaction:

\[ \mathrm{MnO 4"- (aq) + C 20 4~{2-} (aq) \rightarrow Mn"~{2+} (aq) + CO 2 (g)} \]
Step 1: Write the unbalanced skeleton equation (already provided).

Step 2: Half-reactions:

- Oxidation (C204%~ to CO2):
\[ \mathrm{C 20 4~ {2-} \rightarrow 2 CO 2} \]

- Reduction (MnO4~ to Mn?+):
\[ \mathrm{MnO 4~- \rightarrow Mn"{2+}} \]

Step 3: Balance atoms other than O and H:

- Oxidation: Carbon atoms are balanced (2 carbons in C2042-; produce 2 COz).
- Reduction: Manganese already balanced.

Step 4: Balance oxygen atoms:

- Oxidation: Already balanced (no oxygen in C2042- after initial balancing).

- Reduction: MnOs~ has 4 oxygens; balance by adding 4 H20 to the product side:
\[ \mathrm{MnO 4~- \rightarrow Mn"{2+} + 4 H 20} \]

Step 5: Balance hydrogen atoms:

- Reduction: Add 8 H* ions to the reactant side to balance hydrogens from water:
\[ \mathrm{MnO 4~- + 8 H™+ \rightarrow Mn"~{2+} + 4 H 20} \]

Step 6: Balance charge with electrons:
- Oxidation:

Charge on left: 0 (no electrons yet).
Number of electrons involved:



\[ \mathrm{C 20 4~ {2-} \rightarrow 2 CO 2 + 2 e”-} \]

- Reduction:

Charge on left: \(-1 + 8 (+) \) = +7.

Charge on right: Mn?* (2+).

Electrons needed:

\[ \mathrm{MnO 4"- + 8 H™+ + 5 e”- \rightarrow Mn"~{2+} + 4 H 20} \]

Step 7: Equalize electrons:
Multiply oxidation half-reaction by 5 and reduction by 2:

- Oxidation:
\[ 5 \times \mathrm{C 20 4~ {2-} \rightarrow 2 CO 2 + 2 e”-} \implies \mathrm{5
C 20 47{2-} \rightarrow 10 CO 2 + 10 e™-} \]

- Reduction:
\[ 2 \times \mathrm{MnO 4"-+ 8 H™+ + 5 e”- \rightarrow Mn"~{2+} + 4 H 20} \implies 2
MnO 47-+ 16 H™+ + 10 e”- \rightarrow 2 Mn~{2+} + 8 H 20 \]

Step 8: Combine:

\[ \mathrm{5 C 20 4~{2-} + 2 MnO 4"- + 16 H™ + \rightarrow 10 CO 2 + 2 Mn"{2+} + 8
H 20} \]

Final balanced reaction with phases:

\[ \boxed{

5 \mathrm{C 20 47{2-} (aq) + 2 \mathrm{MnO 4"-} (aq) + 16 \mathrm{H"+} (aq)
\rightarrow 10 \mathrm{CO 2} (g) + 2 \mathrm{Mn"~{2+}} (aq) + 8 \mathrm{H 20} (1)
}

\]

Features and Considerations in Balancing Redox
Reactions

- Phase Inclusion: Including the phases (aq, g, 1, s) clarifies the physical states of reactants and
products, which is vital for understanding reaction conditions and mechanisms.

- Applicability: The method applies broadly to reactions in acidic solutions, but different
approaches are needed for basic or neutral environments.

- Accuracy: Correct phase notation and meticulous balancing prevent errors, especially in
complex reactions.



Pros and Cons of the Balancing Method

Pros:

- Ensures conservation of mass and charge.

- Facilitates understanding of electron transfer processes.

- Applicable to complex redox systems with multiple electrons.

Cons:

- Can be time-consuming for reactions with multiple steps or species
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