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Introduction to Redox Reactions in Acidic
Medium

Redox reactions, short for reduction-oxidation reactions, are fundamental
processes in chemistry involving the transfer of electrons between species.
These reactions are characterized by changes in oxidation states of elements.
When dealing with reactions in acidic medium, the presence of H⁺ ions and
often an oxidizing agent like nitrate (NO₃⁻) influences how electrons are
transferred and how the reactions are balanced. Understanding how to balance
such reactions requires identifying oxidation and reduction processes,
determining changes in oxidation states, and ensuring both mass and charge
are conserved.

In this context, the specific reaction involving arsenic sulfide (As₂S₃) and
nitrate ions (NO₃⁻) presents an interesting case. The reaction:

As₂S₃ + NO₃⁻ → AsO₄³⁻ + NO + S

occurs in an acidic medium, making the balancing process reliant on H⁺ ions
and possibly water molecules. Our goal is to develop a systematic approach to
balance this reaction by focusing on oxidation processes involved,
particularly emphasizing the oxidation of arsenic and sulfur, as well as the
reduction of nitrate ions.

---

Understanding the Reaction Components and Their
Oxidation States



Analyzing Arsenic Sulfide (As₂S₃)

- Arsenic (As): In arsenic sulfide (As₂S₃), arsenic exhibits an oxidation
state of +3. This can be confirmed by considering sulfur as -2:

- Total charge for As₂S₃: neutral molecule (0)
- For 3 S: total negative charge = 3 × (-2) = -6
- For 2 As: total positive charge = 2 × (oxidation state of As) = 2x
- Setting sum to zero: 2x + (-6) = 0 → 2x = +6 → x = +3

- Sulfur (S): In As₂S₃, sulfur is at -2 oxidation state.

Analyzing Nitrate Ion (NO₃⁻)

- Nitrogen (N) in NO₃⁻: oxidation state is +5, since oxygen is -2 and total
charge is -1:

- N + 3×(-2) = -1 → N - 6 = -1 → N = +5

Analyzing Products: Arsenate (AsO₄³⁻), NO, and S

- Arsenate (AsO₄³⁻):

- Oxygen: -2 each, total -8
- Charge of arsenate: -3
- Letting arsenic’s oxidation state be x: x + (-8) = -3 → x = +5

- Nitric Oxide (NO):

- N: +2
- O: -2

- Sulfur (S):

- Elemental sulfur is 0 oxidation state; however, in the reaction, sulfur is
produced as S (elemental), so oxidation state is 0.

---

Identifying Oxidation and Reduction Processes



Oxidation States Changes

| Species | Oxidation State | Change in Oxidation State |
|--------------------------------|-----------------|-------------------------
-|
| As in As₂S₃ | +3 | Oxidized to +5 (in AsO₄³⁻) |
| S in As₂S₃ | -2 | Oxidized to 0 (elemental S) |
| N in NO₃⁻ | +5 | Reduced to +2 (in NO) |

- Arsenic: Undergoes oxidation from +3 to +5.
- Sulfur: Undergoes oxidation from -2 to 0.
- Nitrogen: Undergoes reduction from +5 to +2.

---

Formulating Oxidation and Reduction Half-
Reactions

Oxidation Half-Reaction (Arsenic and Sulfur)

- Oxidation of arsenic:

\[
\text{As}^{+3} \rightarrow \text{As}^{+5}
\]

- Oxidation of sulfur:

\[
\text{S}^{-2} \rightarrow \text{S}^{0}
\]

Reduction Half-Reaction (Nitrate to Nitric Oxide)

\[
\text{NO}_3^- + 4H^+ + 3e^- \rightarrow \text{NO} + 2H_2O
\]

This is a standard reduction half-reaction in acidic medium, where nitrate
gains electrons to form NO.

---



Balancing the Oxidation Half-Reactions

Balancing Arsenic Oxidation

- For arsenic:

\[
\text{As}^{+3} \rightarrow \text{As}^{+5}
\]

- To balance electrons:

\[
\text{As}^{+3} \rightarrow \text{As}^{+5} + 2e^-
\]

- Since there are 2 arsenic atoms in As₂S₃:

\[
2 \times (\text{As}^{+3} \rightarrow \text{As}^{+5} + 2e^-) \Rightarrow 2
\text{As}^{+3} \rightarrow 2 \text{As}^{+5} + 4e^-
\]

---

Balancing Sulfur Oxidation

- Sulfur:

\[
\text{S}^{-2} \rightarrow \text{S}^{0} + 2e^-
\]

- For one S atom, electrons released: 2 e⁻.

- Since 3 S atoms are involved in As₂S₃:

\[
3 \times (\text{S}^{-2} \rightarrow \text{S}^{0} + 2e^-) \Rightarrow 3
\text{S}^{-2} \rightarrow 3 \text{S}^0 + 6 e^-
\]

---



Constructing the Overall Oxidation Half-
Reaction

- Total electrons released:

\[
4 e^- \ (\text{from arsenic}) + 6 e^- \ (\text{from sulfur}) = 10 e^-
\]

- To balance, we can write:

\[
2 \text{As}_2\text{S}_3 + 5 \text{S}^{-2} \rightarrow 4 \text{As}^{+5} + 6
\text{S}^0 + \text{electrons}
\]

but more straightforwardly, combining the arsenic and sulfur oxidation:

\[
\boxed{
\text{Oxidation:} \quad 2 \text{As}_2\text{S}_3 + 6 \text{S} \rightarrow 4
\text{AsO}_4^{3-} + 6 \text{S}^0 + \text{electrons}
}
\]

However, it's clearer to handle the oxidation of arsenic and sulfur
separately, then combine with reduction.

---

Formulating the Overall Balanced Redox Reaction

Step 1: Write the oxidation and reduction half-
reactions

- Oxidation:

\[
\text{As}_2\text{S}_3 + 8 H_2O \rightarrow 2 \text{AsO}_4^{3-} + 3 S + 16 H^+
+ 12 e^-
\]

- Reduction:

\[



\text{NO}_3^- + 4 H^+ + 3 e^- \rightarrow \text{NO} + 2 H_2O
\]

Note: The electrons must be balanced across reactions; considering the least
common multiple (LCM) of electrons involved (12 e⁻), multiply the reduction
half-reaction by 4:

\[
4 \text{NO}_3^- + 16 H^+ + 12 e^- \rightarrow 4 \text{NO} + 8 H_2O
\]

- Combine the half-reactions:

\[
\text{As}_2\text{S}_3 + 8 H_2O + 4 \text{NO}_3^- + 16 H^+ \rightarrow 2
\text{AsO}_4^{3-} + 3 S + 4 \text{NO} + 8 H_2O
\]

Cancel water molecules on both sides:

\[
\text{As}_2\text{S}_3 + 8 H_2O + 4 \text{NO}_3^- + 16 H^+ \rightarrow 2
\text{AsO}_4^{3-} + 3 S + 4 \text{NO} + 8 H_2O
\]

Subtract 8 H₂O from both sides:

\[
\text

Frequently Asked Questions

What is the significance of balancing redox
reactions, specifically in the reaction As₂S₃ + NO₃⁻
in acidic medium?
Balancing redox reactions ensures the conservation of mass and charge,
accurately representing the transfer of electrons during the reaction, which
is essential for understanding reaction stoichiometry and predicting
products.

In the reaction As₂S₃ + NO₃⁻ in acidic medium, which
element is oxidized and which is reduced?
In this reaction, arsenic (As) in As₂S₃ is oxidized from a lower oxidation
state to a higher state, while nitrogen in NO₃⁻ is reduced, typically to NO
or NO₂, depending on conditions.



How do you determine the oxidation states of
elements in the reaction As₂S₃ + NO₃⁻ in acidic
medium?
Oxidation states are determined by assigning known values: sulfur typically
as -2, arsenic varies, and nitrogen in NO₃⁻ as +5. Analyzing changes in these
states during the reaction helps identify oxidation and reduction.

What is the step-by-step process to balance the
redox reaction As₂S₃ + NO₃⁻ in acidic medium?
First, assign oxidation states, determine which species are oxidized and
reduced, write separate half-reactions, balance atoms and charge in each
half, then combine the half-reactions to get the balanced overall reaction.

Why is it important to balance redox reactions like
As₂S₃ + NO₃⁻ in acidic medium specifically in acidic
conditions?
In acidic medium, H⁺ ions and water are involved in balancing, which affects
the electron transfer and overall balancing process, ensuring the reaction
accurately reflects the acidic environment's chemistry.

What role does the medium (acidic) play in balancing
the redox reaction involving As₂S₃ and NO₃⁻?
In an acidic medium, H⁺ ions and water molecules are added to balance
hydrogen and oxygen atoms, and to facilitate electron transfer, enabling
proper balancing of the redox reaction.

Can you provide the balanced oxidation part of the
redox reaction involving As₂S₃ and NO₃⁻ in acidic
medium?
Yes. In the oxidation half-reaction, arsenic in As₂S₃ is oxidized from -3 to
a higher oxidation state, such as +3 or +5, depending on the specific
products formed, with electrons released during this process.

What are common products formed when balancing As₂S₃
+ NO₃⁻ in acidic medium, and how does balancing help
identify them?
Common products include arsenic oxides or acids, nitrogen oxides like NO or
NO₂, and sulfur species. Proper balancing ensures the correct stoichiometry
and identification of these products by accounting for atom and charge



balances.

Additional Resources
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Introduction

Redox reactions are fundamental processes in chemistry, underpinning
everything from biological systems to industrial manufacturing. These
reactions involve simultaneous oxidation and reduction processes, where
electrons are transferred between species. The proper balancing of redox
reactions is essential for understanding reaction mechanisms, predicting
products, and applying these reactions in real-world contexts.

This article focuses on a specific redox reaction involving arsenic sulfide
(As₂S₃) and nitrate ions (NO₃⁻) in an acidic medium. The unbalanced reaction
is represented as:

As₂S₃ + NO₃⁻ → AsO₄³⁻ + NO + S

The goal is to comprehensively balance this reaction by oxidation, analyze
the underlying principles, and elucidate the step-by-step approach for
accurate balancing in the context of redox chemistry.

---

Understanding the Reaction Components

Before proceeding with balancing, it is vital to understand the roles and
oxidation states of each species involved.

Reactants:

- As₂S₃ (Arsenic trisulfide):
- Composition: 2 arsenic atoms and 3 sulfur atoms.
- Oxidation states:
- Arsenic (As): Typically +3 or +5 in compounds, but in As₂S₃, arsenic is in
the +3 oxidation state.
- Sulfur (S): Usually -2 in sulfides.

- NO₃⁻ (Nitrate ion):
- Oxidation state of N: +5 (common in nitrates).
- Acts as an oxidizing agent because nitrate can be reduced to NO.

Products:



- AsO₄³⁻ (Arsenate ion):
- Arsenic in +5 oxidation state, indicating oxidation of arsenic from +3 to
+5.

- NO (Nitric oxide):
- N in 0 oxidation state, produced by reduction of nitrate ions.

- S (Sulfur):
- Elemental sulfur (oxidation state 0), produced likely from oxidation of
sulfide.

---

Fundamental Redox Principles

In balancing redox reactions, the key principles involve:

- Assigning oxidation states to determine what is oxidized and what is
reduced.
- Balancing electrons exchanged in the oxidation and reduction processes.
- Ensuring mass and charge balance in the overall reaction.

---

Step-by-Step Approach to Balance the Reaction

The process involves:

1. Identify oxidation states and assign the species as oxidized or reduced.
2. Write separate half-reactions for oxidation and reduction.
3. Balance the atoms in each half-reaction, including oxygen and hydrogen.
4. Balance the electrons transferred in each half-reaction.
5. Combine the half-reactions, ensuring electrons cancel out, and adjust for
the acidic medium.

---

Assigning Oxidation States and Determining Electron Transfer

Oxidation of Arsenic:

- In As₂S₃, As is +3.
- In AsO₄³⁻, As is +5.
- Oxidation: Arsenic is oxidized from +3 to +5.

Reduction of Nitrate:

- NO₃⁻ (N): +5.
- NO (N): 0.
- Reduction: N is reduced from +5 to 0.



Oxidation of Sulfur:

- S in As₂S₃: -2.
- S in elemental form: 0.
- Oxidation: S is oxidized from -2 to 0.

---

Writing the Half-Reactions

Oxidation Half-Reactions:

1. Arsenic oxidation:

\[ \text{As}^{+3} \rightarrow \text{As}^{+5} \]

2. Sulfur oxidation:

\[ \text{S}^{-2} \rightarrow \text{S}^{0} \]

Reduction Half-Reaction:

\[ \text{NO}_3^- \rightarrow \text{NO} \]

---

Balancing the Half-Reactions

1. Oxidation of Arsenic:

In the solid arsenic sulfide, arsenic is in the +3 state.
In arsenate (AsO₄³⁻), arsenic is in +5.

Unbalanced:

\[ \text{As}^{+3} \rightarrow \text{As}^{+5} \]

In the actual reaction, arsenic atoms are part of As₂S₃. So, for each 2
arsenic atoms:

\[ 2\, \text{As}^{+3} \rightarrow 2\, \text{As}^{+5} \]

Balancing electrons:

- Each As atom loses 2 electrons to go from +3 to +5.
- Total electrons lost: \( 2 \times 2 = 4 \)

Half-reaction:

\[ 2\, \text{As}^{+3} + 4\, e^- \rightarrow 2\, \text{As}^{+5} \]



---

2. Oxidation of Sulfur:

S in As₂S₃: -2
S in elemental sulfur: 0

For 3 S atoms:

\[ 3\, \text{S}^{-2} \rightarrow 3\, \text{S}^{0} \]

Electrons involved:

- Each S atom loses 2 electrons: total 6 electrons.

Half-reaction:

\[ 3\, \text{S}^{-2} + 6\, e^- \rightarrow 3\, \text{S}^{0} \]

---

3. Reduction of Nitrate:

\[
\text{NO}_3^- + 3\, H^+ + 3\, e^- \rightarrow \text{NO} + 2\, H_2O
\]

This is a standard reduction half-reaction in acidic medium, balanced for
electrons:

\[ \text{NO}_3^- + 3\, H^+ + 3\, e^- \rightarrow \text{NO} + 2\, H_2O \]

---

Combining the Half-Reactions

To combine, we need to equate the electrons transferred.

- Total electrons in oxidation:

- Arsenic: 4 e⁻
- Sulfur: 6 e⁻
- Total electrons to balance: 12 e⁻

- Since reduction consumes 3 e⁻ per NO₃⁻:

\[ \text{Number of NO}_3^- \text{ molecules} = \frac{12}{3} = 4 \]

Adjusted reduction half-reaction:

\[ 4\, \text{NO}_3^- + 12\, H^+ + 12\, e^- \rightarrow 4\, \text{NO} + 8\,



H_2O \]

---

Final Balanced Reaction in Acidic Medium

Now, assemble all components:

Oxidation:

\[ 2\, \text{As}^{+3} + 4\, e^- \rightarrow 2\, \text{As}^{+5} \]

\[ 3\, \text{S}^{-2} + 6\, e^- \rightarrow 3\, \text{S}^{0} \]

Total electrons:

\[ 4\, e^- + 6\, e^- = 10\, e^- \]

But the reduction involves 12 e⁻ (from 4 NO₃⁻). To balance electrons:

- Multiply arsenic oxidation by 3:

\[ 6\, \text{As}^{+3} + 12\, e^- \rightarrow 6\, \text{As}^{+5} \]

- Multiply sulfur oxidation by 2:

\[ 6\, \text{S}^{-2} + 12\, e^- \rightarrow 6\, \text{S}^0 \]

Total atoms:

- As: 6
- S: 6
- Electrons: 12

Corresponding to 4 NO₃⁻ ions:

\[ 4\, \text{NO}_3^- + 12\, H^+ + 12\, e^- \rightarrow 4\, \text{NO} + 8\,
H_2O \]

---

Incorporating the Reactants

- Arsenic and sulfur: From As₂S₃, which provides 2 arsenic and 3 sulfur
atoms, we need to match the total number of arsenic and sulfur atoms in the
balanced reaction.

- To match 6 arsenic atoms, multiply the initial arsenic half-reaction by 3.

- To match sulfur atoms, multiply the sulfur half-reaction by 2.



---

Complete Balanced Equation

The balanced overall reaction:

```plaintext
2 As₂S₃ + 4 NO₃⁻ + 12 H⁺ → 4 AsO₄³⁻ + 4 NO + 3 S + 6 H₂O
```

Explanation:

- Starting with 2 units of arsenic sulfide (As₂S₃), which accounts for 4
arsenic atoms and 6 sulfur atoms.
- Nitrate ions (NO₃⁻) are reduced to nitric oxide (NO).
- Arsenic is oxidized to arsenate (AsO₄³
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