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Understanding the fundamental concepts of electrochemistry is essential when analyzing cell
potentials, especially when determining unknown electrode potentials. In this scenario, we are given
the overall cell potential (Ecell), the reduction potential of the cathode (Ered), and the species
involved—specifically, the complex ion S20s%~ (peroxydisulfate ion). Our goal is to find the oxidation
potential of the anode half-cell (Eox). This process involves applying the relationship between cell
potential, electrode potentials, and the direction of electron flow.

Fundamentals of Electrochemical Cells

Electrochemical cells convert chemical energy into electrical energy through redox reactions. Each
cell comprises two half-cells: an anode (oxidation occurs) and a cathode (reduction occurs). The
potentials associated with these half-reactions are crucial for understanding cell behavior.

Standard Electrode Potentials

- E° (Standard Electrode Potential): The measure of the tendency of a species to be reduced under
standard conditions (1 M concentration, 1 atm pressure, 25°C).

- Reduction vs. Oxidation: While electrode potentials are tabulated for reduction reactions, oxidation
potentials are simply the negative of the reduction potentials.

Cell Potential Calculation

The overall cell potential (Ecell) is calculated by:

\[ E_{cell} = E_{cathode} - E_{anode} \]

or, more generally,

\[ E_{cell} = E_{red}~{cathode} + E_{ox}"~{anode} \]
where:

-\( E_{red}~{cathode} \): Reduction potential of the cathode half-cell
-\( E_{ox}~{anode} \): Oxidation potential of the anode half-cell (what we want to find)



Given Data and What It Means

Let's carefully analyze the information provided:
- Ecell = 1.587 V: The overall cell potential under standard conditions.
- Ered of the Cathode = 0.536 V: The reduction potential for the cathode half-reaction.

- Species involved: S20s%~ (peroxydisulfate ion) in agueous solution.

Our task: Determine the Eox (oxidation potential) of the anode half-cell, which involves understanding
the nature of the species involved and their standard potentials.

Step-by-Step Approach to Find Eox of the Anode

1. Identify the Half-Reactions

- Cathode (reduction): Given as having a reduction potential, \( E_{red}~{cathode} = 0.536\,V ).
- Anode (oxidation): Unknown oxidation potential, \( E_{ox}~{anode} \).

The overall cell reaction involves the oxidation of some species at the anode and the reduction of
52082 at the cathode.

2. Write the Relationship Between Potentials

Since the overall cell potential is given, the relation is:
\[ E_{cell} = E_{red}~{cathode} + E_{ox}"~{anode} \]
Rearranged to find the anode oxidation potential:

\[ E_{ox}~{anode} = E {cell} - E {red}"{cathode} \]
Plugging in the known values:

\[ E_{ox}"{anode} = 1.587\,V-0.536\,V = 1.051\,V \]

This value represents the oxidation potential of the species at the anode.

Understanding the Role of S20s2- in the Reaction

The species S20s%~ (peroxydisulfate ion) plays a significant role in redox chemistry, especially in
oxidation reactions.



Properties and Standard Reduction Potential of S20s2-

Peroxydisulfate ion is a strong oxidizing agent. Its standard reduction potential at 25°C is
approximately:

\[ \mathrm{S 20 8" {2-} + 2e”- \rightarrow 250 4~ {2-}} \quad E”~\circ \approx 2.01\,V \]

This high reduction potential indicates that S20s%~ readily accepts electrons and is a powerful oxidant.

Implication for the Cell Reaction

Given the high reduction potential, the cathode reaction involving S20s2- reduction is likely:
\[ \mathrm{S_20 87 {2-} + 2e”- \rightarrow 250 4~ {2-}}\]

The reduction potential (Ered = 0.536 V) provided in the problem seems to be associated with a
different species or a specific electrode condition, but it indicates the potential at which S20s2- is
reduced in this context.

Putting It All Together

Based on the calculations and understanding, the key points are:

- The overall cell potential (Ecell) is the sum of the cathode reduction potential and the anode
oxidation potential.

- The cathode reduction potential is given as 0.536 V.

- The overall cell potential is 1.587 V.

Using the relation:

\[ E_{ox}"{anode} = E {cell} - E {red}~{cathode} \]

we find:

\[ E_{ox} = 1.587\,V - 0.536\,V = 1.051\\V \]

This is the oxidation potential of the anode species involved in the reaction.

Conclusion: Interpreting the Result

The oxidation potential of the anode half-cell, based on the given data, is approximately +1.051 V.
This value indicates that the species being oxidized at the anode has a relatively high tendency to
lose electrons under standard conditions.



The key takeaway is that in electrochemistry:

- The overall cell potential reflects the combined tendencies of oxidation and reduction processes.

- When the reduction potential of the cathode and the overall cell potential are known, the oxidation
potential of the anode can be directly calculated.

- Understanding the specific reactions involving species like S20s?~ is essential for accurate analysis,
especially in real-world applications such as electrolysis, batteries, and industrial oxidation processes.

Additional Notes and Practical Applications

- Electrochemical series: Using standard reduction potentials, chemists can predict the feasibility of
reactions and design electrochemical cells.

- Electrolytic vs. Galvanic Cells: The sign and magnitude of potentials help determine the direction of
electron flow and whether a cell is spontaneous.

- Industrial relevance: 52082~ is used in organic syntheses and water treatment due to its strong
oxidizing properties. Understanding its electrochemical behavior is vital for process optimization.

Summary

- Given the overall cell potential (1.587 V) and cathode reduction potential (0.536 V), the anode
oxidation potential is approximately 1.051 V.

- The species involved, S20s2-, acts as a powerful oxidant, which influences the cell potential.

- Calculating electrode potentials helps in designing and understanding electrochemical systems, from
batteries to industrial reactors.

References:

- "Electrochemical Series," standard electrode potential tables.

- "S208?~ (Peroxydisulfate) in Electrochemistry," journal articles on oxidizing agents.

- "Principles of Electrochemistry," textbook by John O'M.

- Online resources such as ChemGuide and educational chemistry websites for further reading on cell
potentials and redox reactions.

Note: Always ensure that the conditions (concentrations, temperature, pressure) match those under
which standard potentials are tabulated, as deviations can affect electrode potentials significantly.

Frequently Asked Questions



What is the oxidation potential (Eox) of the anode half-cell
when Ecell is 1.587 V and Ered of the cathode is 0.536 V?

Eox of the anode half-cell is 1.051 V, calculated by subtracting Ered of the cathode (0.536 V) from
Ecell (1.587 V).

How do you determine the oxidation potential of the anode in
a redox reaction?

You subtract the reduction potential of the cathode from the overall cell potential: Eox (anode) = Ecell
- Ered (cathode).

Given Ecell = 1.587 V and Ered of S20872- = 0.536 V, what is
the oxidation potential of S208"2- in the anode half-cell?

The oxidation potential of 5208”2~ is approximately 1.051 V, obtained by subtracting 0.536 V from
1.587 V.

Why is it important to know the oxidation potential of the
anode in electrochemical cells?

Knowing the oxidation potential helps determine the driving force of the oxidation process and
predicts the direction of electron flow in the cell.

What role does the S208~2- ion play in electrochemical
reactions involving this cell?

S208"2—- acts as an oxidizing agent, accepting electrons during reduction at the cathode.

How can the standard reduction potentials help in calculating
the oxidation potential of an anode?

Standard reduction potentials are used to find the oxidation potential by subtracting the cathode
reduction potential from the overall cell potential.

Is the calculated Eox of 1.051 V for S208"2- consistent with
its role as an oxidizing agent?

Yes, a high oxidation potential indicates strong oxidizing ability, consistent with S208"2— acting as
an oxidant.

Can the Ecell value be used to determine the spontaneity of a
redox reaction?

Yes, a positive Ecell (1.587 V) indicates that the reaction is spontaneous under standard conditions.



What assumptions are made when calculating Eox of the
anode using the given data?

It assumes that the standard potentials are valid for the conditions, and that the cell operates under
standard conditions with no other interfering reactions.

How would the calculation change if the Ecell was negative?

A negative Ecell would indicate a non-spontaneous reaction, and the calculation of Eox would reflect
the reversed or non-favorable oxidation process.

Additional Resources
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Introduction

Electrochemistry, a fundamental branch of physical chemistry, explores the relationship between
chemical reactions and electrical energy. Central to this field are concepts such as cell potential
(Ecell), reduction potentials (Ered), and oxidation potentials (Eox). Determining the unknown
oxidation potential of an anode half-cell often requires integrating data from known cell voltages and
electrode potentials of the cathode.

This article aims to analyze a specific electrochemical scenario: Given that the overall cell potential
(Ecell) is 1.587 V and the reduction potential of the cathode (Ered of the cathode half-cell) is 0.536 V,
what is the oxidation potential (Eox) of the anode half-cell involving the S20s2-(aq) ion?

Through a comprehensive review of electrochemical principles, standard potentials, and the relevant

redox chemistry of the involved species, we will elucidate the calculations and implications underlying
this problem.

Understanding the Fundamental Concepts
Cell Potential (Ecell)

The cell potential, or electromotive force (emf), of an electrochemical cell is the difference between
the cathode and anode potentials:

\[ E_{cell} = E_{cathode} - E_{anode} \]
In terms of reduction potentials, the standard notation is:

\[ E_{cell} = E_{red}"{cathode} - E_{red}"~{anode} \]



However, if the anode reaction is considered in its oxidation form, then:
\[ E_{cell} = E_{red}~{cathode} + E_{ox}"~{anode} \]

since oxidation potential is related to the negative of reduction potential.
Reduction and Oxidation Potentials

- Reduction potential (Ered): The tendency of a species to gain electrons and be reduced.
- Oxidation potential (Eox): The tendency of a species to lose electrons and be oxidized.

By convention, standard reduction potentials are tabulated, and oxidation potentials can be derived
as:

\[ E_{ox} =-E_{red}\]

for the same half-reaction.

Data Provided and Its Significance

The problem states:

- Ecell =1.587 V

- Ered of the cathode half-cell = 0.536 V
- The anode half-cell involves S20s%(aq)

Our goal:

- Find Eox of the anode half-cell involving S20s2-.

Redox Chemistry of S20s2-

Peroxodisulfate ion (S20s%7) is a strong oxidizer, commonly involved in oxidation reactions. Relevant
half-reaction:

Reduction of S20s2-:

\[
\mathrm{S_20_8"{2-} + 2e”-\rightarrow 250 4"{2-}}
\]

Standard reduction potential for this half-reaction (approximate, but widely tabulated):

\[
E~\circ_{red} \approx 2.01\, \text{V}

\]



Note: This value can vary slightly depending on conditions, but 2.01 V is a commonly accepted
standard.

Step-by-Step Calculation
Step 1: Recognize the relationship between cell potential and half-reactions
The overall cell potential is:

\[
E {cell} = E {red}"{cathode} - E_{red}~{anode}
\]

Given:

\[

E {cell} = 1.587\, \text{V}

\]

\[

E {red}”{cathode} = 0.536\, \text{V}
\]

Rearranged to find the reduction potential of the anode:

\[

E {red}~{anode} = E_{red}"{cathode} - E {cell}

\]

\[

E {red}”~{anode} = 0.536\, \text{V} - 1.587\, \text{V} =-1.051\, \text{V}

\]

This indicates the reduction potential of the anode half-reaction (as written in its reduction form) is
approximately -1.051 V.

Step 2: Determine the oxidation potential of the anode

Since oxidation potential is the negative of the reduction potential:

\[

E {ox}~{anode} =-E_{red}"{anode} = -(-1.051)\, \text{V}) = 1.051\, \text{V}
\]

This is the oxidation potential of the anode involving S20s2-, which corresponds to its oxidation half-
reaction (reverse of reduction).

Validating the Results with Standard Data



The approximate standard reduction potential for S20s2- / SO42- is around 2.01 V, indicating a strong
oxidizing power. The calculated reduction potential (-1.051 V) suggests the specific conditions or the
electrode environment in this scenario reduce its value.

Given the high standard potential of S20s?-, an oxidation potential of approximately 1.051 V seems
reasonable for the reverse oxidation process under non-standard conditions.

Implications and Broader Context
Significance of the Calculated Eox

- The oxidation potential of ~1.051 V indicates a strong oxidizing ability, consistent with the known
properties of S20s?".

- Such values are critical in designing electrochemical cells for applications like organic synthesis,
wastewater treatment, and energy storage.

Practical Applications

- Electrolysis processes: Leveraging high oxidation potentials for oxidation reactions.

- Battery technology: Understanding electrode potentials can inform the development of high-voltage
cells.

- Environmental chemistry: S20s2-'s oxidative strength makes it valuable for degrading pollutants.

Limitations and Considerations

- The calculation assumes standard conditions; real-world conditions may shift potentials.

- The tabulated value of 2.01 V for S20s2- is approximate; actual potentials depend on concentration,
temperature, and electrode material.

- The derived oxidation potential is based on the relationship:

\[
E {ox} =-E_{red}
\]

which holds for the same species under ideal conditions.

Conclusion

In summary, given the overall cell potential of 1.587 V and the cathode reduction potential of 0.536 V,
the oxidation potential of the anode involving S20s%~ is approximately 1.051 V. This value reflects the
intrinsic oxidizing strength of peroxodisulfate ions under the specified conditions and provides insight
into the electrochemical behavior of this potent oxidizer.

Understanding such electrochemical parameters is vital for advancing applications across chemistry,
energy storage, and environmental technology. Accurate determination of electrode potentials allows



chemists to predict reaction feasibility, optimize cell design, and innovate sustainable chemical
processes.
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Note: This analysis synthesizes fundamental electrochemistry principles with specific data to arrive at
an informed answer for the oxidation potential of the anode involving S20s?-.
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