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Balancing redox reactions in acidic solutions is a fundamental skill in chemistry, crucial for
understanding oxidation-reduction processes in various chemical, biological, and industrial
applications. This article provides a comprehensive, step-by-step guide to balancing the specific
redox reaction involving nitrogen dioxide (NOz) in aqueous solution reacting with solid iodine (I2) in

an acidic medium. By the end of this discussion, you'll be equipped with the methods and reasoning
needed to approach similar reactions confidently.

Understanding the Reaction Components

Before diving into the balancing process, it’s essential to understand the substances involved:

Reactants

1. Nitrogen dioxide (NO2): A reddish-brown gas that dissolves in water to form nitrous and
nitric acids, and acts as an oxidizing agent.

2. TIodine (I2): A solid diatomic molecule that can be reduced to iodide ions (I-) in solution.

Products

1. Iodine solid (I2): This indicates iodine is a product or remains as a product in the reaction,
which can suggest either a redox process or a disproportionation depending on the context.

However, in the context of the chemical equation, the typical scenario involves the oxidation of
iodine or reduction of nitrogen dioxide. The key is to determine the oxidation states and identify
which species are oxidized and reduced.



Step 1: Write the Unbalanced Skeleton Equation

The initial step involves writing the unbalanced chemical equation based on the given reactants and
products:

\[
\text{NO} 2(aq) + \text{I} 2(s) \rightarrow \text{products}
\]

Since the products are not explicitly provided, we infer the possible products:

- Nitrogen dioxide (NOz2) can be reduced to nitrite (NO2~) or nitrate (NOs™).
- Iodine (I2) can be reduced to iodide (I-), or potentially oxidized to Iz~ or other iodine species.

In many redox reactions involving NO2 and Iz in acidic solution, the reaction involves the reduction
of NO2 to NO or NOs~ and the oxidation of I~ to I= or Is~. However, since the problem states I2(s) as a

product, it suggests iodine is being oxidized from I~ to L.

Given this, a plausible overall reaction could involve NO2 acting as an oxidant, possibly being
reduced to NO or NOs-, and Iz being involved in the process.

But for this example, assuming the reaction involves NO2 being reduced and iodine being oxidized,
the initial unbalanced skeletal equation might look like:

\[

\text{NO} 2(aq) + \text{I} 2(s) \rightarrow \text{I} 2(s) + \text{reduced nitrogen species}
\]

However, to clarify, it's better to identify the likely products based on typical redox behavior.

Step 2: Assign Oxidation States and Identify
Oxidation/Reduction

Understanding the oxidation states helps determine what is oxidized and what is reduced:

1. Nitrogen dioxide (NO:z): Nitrogen has an oxidation state of +4.

2. Iodine (I2): Iodine in elemental form has an oxidation state of 0.

In acidic solution, NO: can be reduced to NO (nitrogen oxidation state +2) or NOs~ (oxidation state
+5). The specific reduction depends on the reaction conditions.



Similarly, I> can be oxidized from 0 to I- (—=1) or Is~ (—1), or possibly participate in other iodine
species.

Given the initial reactants, the most typical redox change involves NO2 being reduced and I~ being
oxidized to I..

Step 3: Write the Half-Reactions

To balance the overall redox equation, split it into oxidation and reduction half-reactions.

Oxidation Half-Reaction
- Iodide ions (I-) are oxidized to I> (solid), or from I~ to I2:
\[

2 \text{I} - (aq) \rightarrow \text{I} 2 (s) + 2e"-
\]

Reduction Half-Reaction

- NO:2 is reduced to NO or NOs~. Let's consider reduction to NO (common in acidic solutions):

\[
\text{NO} 2 (aq) + 4H"+ + 3e”- \rightarrow \text{NO} + 2H 20

\]

Alternatively, reduction to NOs~ involves more electrons and steps, but for simplicity, let's proceed
with NO as the reduced form.

Step 4: Balance Each Half-Reaction

Balancing the half-reactions involves ensuring the number of atoms and charge are balanced.
Oxidation Half-Reaction (I- to I2):

\[



2 I™- (aq) \rightarrow I 2 (s) + 2 e™-
\]
- Already balanced for atoms and charge.

Reduction Half-Reaction (NO:2 to NO):

\[
\text{NO} 2 (aq) + 4 H*+ + 3 e”- \rightarrow NO + 2 H 20

\l

- Balanced for atoms and charge.

Step 5: Equalize the Number of Electrons

To combine the half-reactions, the electrons must cancel out.

- Oxidation releases 2 electrons per reaction.
- Reduction consumes 3 electrons per reaction.

Find the least common multiple (LCM) of electrons: 6.

- Multiply oxidation half-reaction by 3:

\l
6 I™- (aq) \rightarrow 31 2 (s) + 6 e”-
\]

- Multiply reduction half-reaction by 2:

\[
2 \text{NO} 2 (aq) + 8 H"+ + 6 e”- \rightarrow 2 NO + 4



H 20
\]

Step 6: Combine the Half-Reactions

Adding the balanced half-reactions:

\[

617- (aq) + 2 \text{NO} 2 (aq) + 8 H™+ \rightarrow 3 1 2 (s)
+2NO +4H 20

\1

This is the combined redox reaction in acidic solution.

Step 7: Write the Final Balanced Equation

Now, express the overall reaction in terms of the actual
species involved:

- Since 12 is a product from oxidation of I-, and NO: is reduced
to NO,

the overall balanced reaction is:

\[



61I™-(aq) + 2 NO 2 (aq) + 8 H™ + \rightarrow 31 2 (s) + 2 NO
+ 4 H 20
\]

Note: If the initial reactant is NO:z and the product is Iz, and
considering Iz appears on both sides, the reaction may involve
initial I- ions reacting with NO: to produce I: and reduced
nitrogen species.

Key Points and Summary

1. Identify oxidation states: Determine which species are
oxidized and reduced.

2. Write half-reactions: Separate oxidation and reduction
processes.

3. Balance electrons: Ensure the same number of electrons
are gained and lost.

4. Combine half-reactions: Add the reactions to produce the
balanced overall equation.

5. Check for consistency: Confirm all atoms and charges are
balanced, and the reaction makes chemical sense.



Additional Tips for Balancing Redox Reactions in Acidic
Solution

- Always start by writing the unbalanced skeleton equation.

- Use oxidation states to identify what is oxidized and
reduced.

- Balance atoms other than H and O first.

- Balance oxygen atoms using H20 molecules.

- Balance hydrogen atoms using H* ions in acidic solutions.
- Balance charge with electrons (e-).

- Combine the half-reactions carefully, canceling electrons.

Conclusion

Balancing redox reactions in acidic solution involves a



systematic approach rooted in understanding oxidation states,
writing half-re

Frequently Asked Questions

What is the first step in balancing the redox reaction NOz(aq)
+ I2(s) in acidic solution?

The first step is to write separate half-reactions for oxidation
and reduction, then balance all elements except hydrogen and

oxygen.

How do you balance the oxygen atoms in the reduction half-
reaction for NO: in acidic medium?

Add H20 molecules to balance the oxygen atoms in the
reduction half-reaction as needed.

What is the role of H* ions in balancing the redox reaction
between NO: and Iz in acidic solution?

H* ions are added to the half-reactions to balance hydrogen
atoms and to ensure the overall charge is balanced in acidic
conditions.

How do you determine the number of electrons transferred in
the oxidation and reduction half-reactions?



Balance the atoms for each half-reaction and then balance the
charge by adding electrons; the electrons gained or lost
correspond to the change in oxidation states.

What is the overall balanced equation for the redox reaction
between NO: and I: in acidic solution?

After balancing the half-reactions and electrons, combine
them to obtain the overall balanced equation, which typically
involves NO:2 being reduced and I: being oxidized in acidic
medium.

Why is it important to balance redox reactions in acidic
solutions correctly?

Proper balancing reflects the conservation of mass and
charge, ensuring the reaction accurately represents the
chemical process occurring in acidic conditions.

Additional Resources

Comprehensive Guide to Balancing Redox Reactions in Acidic
Solution: NOz(aq) + Iz2(s)

Introduction



Redox reactions, or oxidation-reduction reactions, are
fundamental processes in chemistry involving the transfer of
electrons between species. Accurately balancing these
reactions is crucial for understanding reaction mechanisms,
predicting products, and applying this knowledge in practical
contexts, such as analytical chemistry, industrial processes,
and environmental science.

In this detailed exploration, we focus on balancing the specific
redox reaction involving nitrogen dioxide (NO2z, aqueous) and
iodine (I2, solid) occurring in an acidic solution. This reaction
is a classic example used to illustrate the principles of redox
balancing in acidic media, combining concepts of oxidation
states, half-reactions, and the systematic approach necessary
to ensure conservation of mass and charge.

Understanding the Reactants and Conditions
Reactants Overview

- Nitrogen Dioxide (NO2, aq):

NO: is a nitrogen oxide with nitrogen in a +4 oxidation state.
It is a brownish gas at room temperature but is often
encountered in aqueous solution forms, especially in redox
reactions. NO:z can act as an oxidizing agent, capable of
accepting electrons and being reduced to other nitrogen
species such as NO or NHa4*.

- Iodine (I2, S):
Iodine is a diatomic element in its standard state with an
oxidation state of zero. It commonly acts as an oxidizing or



reducing agent depending on the reaction context. In redox
reactions with stronger oxidants, iodine tends to be oxidized
to higher oxidation states like iodate (I03~) or reduced to
iodide (I0).

Reaction Environment

- Acidic Solution:

The presence of acids (commonly H* ions) influences the
balancing process, particularly in adjusting electrons and
balancing oxygen and hydrogen atoms. Acidic conditions often
facilitate the use of the ion-electron method, where H* and
H20 molecules are used to balance the reaction.

Step-by-Step Approach to Balancing Redox Reactions in Acidic
Solution

1. Identify Oxidation States and Redox Changes

Understanding the oxidation states of each element in the
reactants and products helps determine what is oxidized and
what is reduced.

- NOz2:

Nitrogen in NOz:

- Oxygen: usually -2

- Total for NO2: N + 2(-2) = 0 (since it's neutral)
-N:4 (since N + 2(-2) = 0-> N = +4)

- I2:
- JIodine: 0 (elemental form)



- Possible Products:

Depending on the reaction conditions, iodine may be oxidized
to I- (iodide, oxidation state -1) or I10s~ (iodate, +5). Nitrogen
dioxide may be reduced to NO (N, +2) or NH4* (N, -3),
depending on the reaction pathway.

Given typical reactions in acidic media, the plausible products
are:

- Jodide (I"): Iodine is reduced from 0 to -1.
- Nitric oxide (NO): Nitrogen reduced from +4 to +2.

Alternatively, in some reactions, nitrogen may be reduced to
ammonium (NHas*), but for simplicity, we focus on NO and I-.

2. Write the Unbalanced Skeleton Equation

Based on the plausible products:

\[ \text{NO} 2 (aq) + I 2 (s) \rightarrow NO (aq) + I"™- (aq) \]
or, more specifically:

\[ \text{NO} 2 (aq) + I 2 (s) \rightarrow NO (aq) + 2 I"™- (aq) \]

Note: The exact stoichiometry depends on the specific
reaction pathway, but this serves as a starting point.

3. Separate into Half-Reactions

Oxidation half-reaction:
Iodine being reduced:



\[ 1.2 (s) + 2 e”- \rightarrow 2 I"™- (aq) \]

Reduction half-reaction:
Nitrogen dioxide being reduced:

\[ NO 2 (aq) + 2 H™+ + e”- \rightarrow NO (aq) + H 20 \]

Note: The number of electrons transferred must be balanced
between half-reactions.

Balancing the Half-Reactions

1. Balance Atoms Other than O and H

- Iodine half-reaction: Already balanced for iodine.

- Nitrogen half-reaction: Nitrogen is balanced.

2. Balance Oxygen Atoms

- In the reduction half:

NO: contains 2 oxygen atoms; balancing involves water

molecules if necessary.

- In the oxidation half:
No oxygen involved.

3. Balance Hydrogen Atoms

- In the reduction half:
Add H* ions to balance hydrogen.



- In the oxidation half:
No hydrogen present initially.

4. Balance Electron Transfer

- Electrons are added to balance the charge difference.
Reduction half-reaction:

\[ NO 2 + 2 H"+ + e”- \rightarrow NO + H 20 \]
Check charge:

Left: 2 H* (charge +2), plus e~ (—1), total +1.

Right: NO (neutral), H20 (neutral).

Charge balance: +1 on the left, neutral on the right.
Oxidation half-reaction:

\[I.2 + 2 e”- \rightarrow 2 1"-\]

Electrons: 2 electrons on both sides.

4. Equalize Electron Transfer and Combine
To cancel electrons, multiply the reduction half-reaction by 2:
\[2NO 2+ 4H"+ + 2 e”- \rightarrow 2 NO + 2 H 20 \]
Now, combine with the oxidation half-reaction:

\[1_2 + 2 e”- \rightarrow 2 I"-\]



Multiplying by 1:
\[I 2+ 2 e”-\rightarrow 2 I™-\]
Total combined equation:

\[2NO2+4H"+ +12+2e"-\rightarrow 2 NO + 2 H 20 +
217-+2e"-\]

Cancel the electrons:

\[2NO 2 +4H"+ +12\rightarrow2 NO +2 H 20 + 21"-\]

5. Final Balancing and Verification
Check atom counts:

- Nitrogen: 2 atoms on both sides.

- Oxygen: 2 (from NO:) x 2 = 4 oxygen atoms; right side: 2 NO
(2 oxygen), 2 H20 (2 oxygen), total 4 oxygen atoms.

- Iodine: 1 (I2) = 2 iodine atoms; products: 2 I~ (2 iodine
atoms).

- Hydrogen: 4 H* on the left; 2 H20 on the right (4 H atoms).
- Charge:

Left: 4 H* (charge +4) + neutral I2; total +4.

Right: 2 I- (-2), 2 NO (neutral), 2 H20 (neutral).

Net charge on right: —2.

To balance charge, add 2 electrons to the left:

\[2NO2+4H"++12+2e”-\rightarrow 2 NO + 2 H 20 +
217-1]



But since electrons are already balanced, the previous
equation is correct.

Final balanced reaction in acidic medium:

\[ \boxed{

2\, \text{NO} 2(aq) + I _2(s) + 4\, H" +(aq) \rightarrow 2\,
NO(aq) + 2\, H 20() + 2\, I"-(aq)

3\

Significance and Applications
Chemical Insights

- This reaction exemplifies how nitrogen oxides can oxidize
iodine, while NO: itself acts as an oxidant, getting reduced to
NO.

- The process demonstrates the importance of balancing
electrons, atoms, and charge in redox reactions.

Practical Applications

- Analytical Chemistry:

Understanding such redox reactions is crucial for titrations
involving iodine and nitrogen compounds.

- Environmental Chemistry:

These reactions model processes in atmospheric chemistry,

such as NO: transformation and iodine cycling.

- Industrial Processes:



The principles behind balancing these reactions underpin
manufacturing processes involving nitrogen oxides and
halogens.

Summary and Key Takeaways

- Identify oxidation states of all involved elements.

- Write separate half-reactions for oxidation and reduction.
- Balance atoms other than H and O, then balance O and H
with H20 and H*.

- Balance electrons to ensure charge neutrality.

- Combine half-reactions, cancel electrons, and verify atom
and charge balance.

- Recognize that acidic conditions necessitate the use of H
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