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Understanding how to calculate the standard cell potential (E° cell) for a given redox reaction is
fundamental in electrochemistry. In this article, we will focus on the specific reaction:

Cl₂(g) + Fe²⁺(aq) → Fe³⁺(aq) + Cl⁻(aq)

and demonstrate how to accurately determine its E° cell value by leveraging the fact that the
reduction potentials of the involved species are well-documented. This approach involves identifying
the oxidation and reduction half-reactions, using standard reduction potentials, and applying the
Nernst equation where necessary.

Understanding the Reaction Components and the Role
of Standard Reduction Potentials

Breaking Down the Reaction
The given reaction involves:
- Chlorine gas (Cl₂) being reduced to chloride ions (Cl⁻).
- Ferrous ions (Fe²⁺) being oxidized to ferric ions (Fe³⁺).

The overall reaction is a redox process, which can be separated into two half-reactions:
1. The reduction half-reaction (gain of electrons)
2. The oxidation half-reaction (loss of electrons)

The Significance of Reduction Potentials
The standard reduction potential (E°) for each half-reaction indicates its tendency to gain electrons
under standard conditions (25°C, 1 M concentration, 1 atm pressure). These potentials are tabulated
and serve as the basis for calculating the cell potential.

Using these values:
- The more positive the E°, the more readily the species is reduced.
- To find the overall cell potential, we combine the reduction potentials appropriately, considering
oxidation as the reverse of reduction.



Identifying the Relevant Half-Reactions and Standard
Reduction Potentials

Standard Reduction Potentials from Standard Tables
Below are the key reduction potentials relevant to this reaction:

Chlorine gas reduction:

Cl₂(g) + 2e⁻ → 2Cl⁻(aq); E° = +1.36 V

Ferric ion reduction:

Fe³⁺(aq) + e⁻ → Fe²⁺(aq); E° = +0.77 V

Note: The standard reduction potential for Fe³⁺/Fe²⁺ is for the reduction of Fe³⁺ to Fe²⁺. Since our
reaction involves Fe²⁺ being oxidized to Fe³⁺, we need to reverse this half-reaction.

Writing the Half-Reactions

- Reduction half-reaction (chlorine):

Cl₂(g) + 2e⁻ → 2Cl⁻(aq); E° = +1.36 V

- Oxidation half-reaction (iron):

Fe²⁺(aq) → Fe³⁺(aq) + e⁻

Since the reduction potential for Fe³⁺/Fe²⁺ is +0.77 V, the oxidation of Fe²⁺ to Fe³⁺ will have an
oxidation potential of -0.77 V when written as an oxidation.

Alternatively, to keep consistent with standard tables, we use the reduction potential for Fe³⁺ + e⁻ →
Fe²⁺ and reverse it for oxidation.

Important: The overall cell potential is calculated as:

E°cell = E°cathode (reduction) + E°anode (oxidation)

where E°anode is the reduction potential of the oxidation half-reaction, but since oxidation is the
reverse, we take the negative of the reduction potential for that half.



---

Calculating the Standard Cell Potential (E° cell)

Step 1: Identify the Reduction and Oxidation Half-Reactions

- Reduction (Cathode): Cl₂ + 2e⁻ → 2Cl⁻; E° = +1.36 V
- Oxidation (Anode): Fe²⁺ → Fe³⁺ + e⁻; E° for Fe³⁺ + e⁻ → Fe²⁺ is +0.77 V, so E° for Fe²⁺ → Fe³⁺ is -0.77
V

Step 2: Balance the Electrons

The reduction involves 2 electrons per Cl₂ molecule, while the oxidation involves 1 electron per Fe²⁺.
To balance electrons:

- Multiply the Fe oxidation half-reaction by 2 to match 2 electrons:

2Fe²⁺ → 2Fe³⁺ + 2e⁻

Now, the combined reaction is:

Cl₂ + 2Fe²⁺ → 2Cl⁻ + 2Fe³⁺

Step 3: Calculate E° cell

Using the formula:

E° cell = E° cathode + E° anode

Since the oxidation potential for Fe²⁺/Fe³⁺ is negative when considering oxidation:

E° cell = +1.36 V + (-0.77 V) = +0.59 V

Therefore, the standard cell potential for the reaction is +0.59 volts.

Interpreting the Results and Applications

Significance of the Calculated E° cell
A positive E° cell value (+0.59 V) indicates that the reaction is spontaneous under standard



conditions. This means that:
- Chlorine gas can oxidize Fe²⁺ to Fe³⁺ spontaneously.
- The cell potential can be used to predict the voltage generated in electrochemical cells involving
these species.

Practical Applications
Understanding how to calculate E° cell is crucial in various fields such as:
- Designing electrochemical cells and batteries.
- Predicting the feasibility of redox reactions in industrial processes.
- Developing corrosion prevention strategies.

Summary and Key Takeaways

Identify the relevant half-reactions and their standard reduction potentials from tables.

Reverse the reduction half-reactions where necessary to represent oxidation.

Balance the electrons exchanged in the half-reactions before combining them.

Calculate the E° cell by adding the reduction potential of the cathode to the oxidation potential
of the anode.

A positive E° cell indicates a spontaneous reaction under standard conditions.

By mastering this approach, students and professionals can accurately compute the E° cell for a
variety of redox reactions, thereby gaining deeper insight into electrochemical processes. Remember,
the key lies in correctly interpreting the standard reduction potentials and carefully balancing the
electrons during the calculation.

---

In conclusion, calculating E° cell for the reaction: Cl₂(g) + Fe²⁺(aq) → Fe³⁺(aq) + Cl⁻(aq) involves using
standard reduction potentials, reversing reactions where necessary, balancing electrons, and applying
the fundamental formula for cell potential. This method provides valuable information about the
spontaneity and energy output of electrochemical reactions.

Frequently Asked Questions

How do you determine the standard electrode potential (E°)



for the cell involving Cl₂ and Fe²⁺/Fe³⁺?
You use the standard reduction potentials of the relevant half-reactions: Cl₂ + 2e⁻ → 2Cl⁻ and Fe³⁺ +
e⁻ → Fe²⁺. By identifying which species is reduced and which is oxidized, and applying the formula
E°cell = E°cathode - E°anode, you can calculate the cell potential.

What is the step-by-step method to calculate the E° cell for
the reaction: Cl₂(g) + Fe²⁺(aq) → Fe³⁺(aq) + Cl⁻(aq)?
First, write the half-reactions with their standard reduction potentials. Then, reverse the oxidation
half-reaction if necessary and multiply to balance electrons. Next, calculate E°cell using E°cell =
E°cathode - E°anode, plugging in the standard potentials of the cathode and anode.

Why do we use the fact that the reduction occurs at the
cathode when calculating E° cell in this reaction?
Because the standard electrode potentials are tabulated for reduction half-reactions, we identify the
species being reduced at the cathode to use their standard reduction potentials directly in the
calculation. This ensures accurate determination of the cell potential.

What are the standard reduction potentials involved in the
reaction between Cl₂ and Fe²⁺/Fe³⁺, and how do they influence
the E° cell calculation?
The standard reduction potential for Cl₂ + 2e⁻ → 2Cl⁻ is approximately +1.36 V, and for Fe³⁺ + e⁻ →
Fe²⁺ is about +0.77 V. The difference determines the cell potential; the species with the higher
reduction potential gets reduced, dictating the direction of electron flow and the overall E° cell value.

How can the Nernst equation be used to determine the cell
potential under non-standard conditions for this reaction?
The Nernst equation, E = E° - (RT/nF) lnQ, allows calculation of the cell potential at any concentration
by substituting the standard potential (E°), temperature (T), number of electrons transferred (n), and
the reaction quotient (Q). This adjusts the E° value for real-world conditions.

Additional Resources
Calculate E° Cell for the Reaction: Cl₂(g) + Fe²⁺(aq) → Fe³⁺(aq) + Cl⁻(aq) Using The Fact That The
Reduction

Understanding how to calculate the standard cell potential (E° cell) for a given redox reaction is
fundamental in electrochemistry. In this guide, we will walk through the detailed process of
calculating E° cell for the reaction:

Cl₂(g) + Fe²⁺(aq) → Fe³⁺(aq) + Cl⁻(aq)



by leveraging the fact that reduction potentials are available for individual half-reactions. This
example provides a clear illustration of how standard reduction potentials combine to determine the
overall cell potential, an essential concept for students and professionals working in chemistry,
electrochemical engineering, or related fields.

---

Understanding the Basics: Redox Reactions and Standard Reduction Potentials

Before diving into calculations, it’s vital to grasp some core concepts:

- Redox reactions involve the transfer of electrons between species, with one species being oxidized
and another reduced.
- Standard reduction potentials (E°) are tabulated values indicating a species' tendency to gain
electrons (be reduced) under standard conditions (1 M concentration, 1 atm pressure, 25°C).
- The cell potential (E° cell) is the difference between the cathode (reduction) and anode (oxidation)
potentials, reflecting the overall driving force for the electrochemical reaction.

---

Step 1: Write the Overall Reaction and Identify Half-Reactions

The given reaction is:

Cl₂(g) + Fe²⁺(aq) → Fe³⁺(aq) + Cl⁻(aq)

To compute E° cell, start by breaking this down into the relevant half-reactions:

- Reduction half-reaction at the cathode:

Cl₂(g) + 2e⁻ → 2Cl⁻(aq)

- Oxidation half-reaction at the anode:

Fe²⁺(aq) → Fe³⁺(aq) + e⁻

Note that the overall reaction shows chloride ions being produced, and iron being oxidized from Fe²⁺
to Fe³⁺.

---

Step 2: Gather Standard Reduction Potentials

Next, consult standard reduction potential tables. Typical values are:

| Half-Reaction | Standard Reduction Potential, E° (V) |
|-----------------|-------------------------------------|
| Cl₂(g) + 2e⁻ → 2Cl⁻(aq) | +1.36 |
| Fe³⁺(aq) + e⁻ → Fe²⁺(aq) | +0.77 |

Important: The value for Fe³⁺/Fe²⁺ is given as a reduction potential. Since our overall reaction involves



Fe²⁺ being oxidized to Fe³⁺, we will need to reverse this half-reaction and change the sign accordingly.

---

Step 3: Adjust Half-Reactions for the Overall Reaction

For Chlorine:

- The reduction half-reaction is already in the correct form:

Cl₂ + 2e⁻ → 2Cl⁻

- Its standard potential: E° = +1.36 V

For Iron:

- The reduction half-reaction:

Fe³⁺ + e⁻ → Fe²⁺ (E° = +0.77 V)

- But in our overall reaction, Fe²⁺ is oxidized to Fe³⁺:

Fe²⁺ → Fe³⁺ + e⁻

- To reflect this oxidation, reverse the half-reaction and change the sign:

Fe²⁺ → Fe³⁺ + e⁻ (E° = -0.77 V)

---

Step 4: Calculate the Standard Cell Potential

The E° cell is obtained by:

E° cell = E° cathode – E° anode

Alternatively, since we have the reduction potentials, we can:

E° cell = E°(reduction at cathode) + E°(oxidation at anode)

Because the oxidation potential is the negative of the reduction potential, we add:

- Cathode (reduction): Cl₂ + 2e⁻ → 2Cl⁻ (E° = +1.36 V)
- Anode (oxidation): Fe²⁺ → Fe³⁺ + e⁻ (E° = -0.77 V)

But since the reduction potential for Fe³⁺/Fe²⁺ is +0.77 V, reversing it to oxidation gives -0.77 V.

Now, ensure that the electrons balance. The chlorine half-reaction involves 2 electrons, while the iron
half-reaction involves only 1 electron. To balance electrons:

- Multiply the iron half-reaction by 2:



2Fe²⁺ → 2Fe³⁺ + 2e⁻

- The chlorine half-reaction is:

Cl₂ + 2e⁻ → 2Cl⁻

Now, combine:

Overall cell reaction:

Cl₂(g) + 2Fe²⁺(aq) → 2Fe³⁺(aq) + 2Cl⁻(aq)

---

Step 5: Final Calculation of E° cell

Using the adjusted half-reactions:

- Cathode (reduction): Cl₂ + 2e⁻ → 2Cl⁻, E° = +1.36 V
- Anode (oxidation): 2Fe²⁺ → 2Fe³⁺ + 2e⁻, E° = -0.77 V

Calculate:

E° cell = E°(cathode) – E°(anode)

Alternatively, since we've already accounted for the oxidation (by reversing the reduction potential),
the formula simplifies to:

E° cell = E°(cathode) + E°(anode in oxidation form)

Plugging in the values:

E° cell = +1.36 V + (-0.77 V) = +0.59 V

---

Key Takeaways and Summary

- The standard cell potential for the reaction Cl₂(g) + Fe²⁺(aq) → Fe³⁺(aq) + Cl⁻(aq) is +0.59 V.
- This positive value indicates the reaction is spontaneous under standard conditions.
- The process involves understanding how to convert reduction potentials into oxidation potentials
and how to balance electrons when combining half-reactions.
- Always balance electrons to ensure the half-reactions are compatible.
- Remember that sign conventions are critical: reduction potentials are tabulated, but in combining
reactions, you may need to reverse half-reactions to match the overall process.

---

Additional Tips for Calculations

- Double-check the half-reactions: Confirm that the reactions are correctly written in the reduction



form.
- Balance electrons carefully: Ensuring electrons are balanced is crucial for an accurate calculation.
- Use the correct signs: When reversing half-reactions for oxidation, change the sign of the E° value.
- Consider standard conditions: All potentials are based on standard conditions; deviations can affect
actual cell potential.

---

Final Thoughts

Calculating E° cell for any redox reaction is a foundational skill in electrochemistry. By systematically
breaking down the reaction into half-reactions, referencing standard reduction potentials, balancing
electrons, and carefully combining the data, you can accurately determine the cell potential. This not
only predicts the spontaneity of reactions but also informs the design of electrochemical cells,
batteries, and corrosion prevention strategies.

Whether you're a student studying for exams or a professional designing electrochemical systems,
mastering this process enhances your understanding of the energetic landscape of redox reactions
and their practical applications.
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