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If An Electrolytic Cell Contains A Mixture Of Species That Can Be Oxidized,
How Do You Determine Which species will undergo oxidation, understanding the
underlying principles and processes is essential. In electrochemistry,
especially when working with electrolytic cells involving multiple potential
oxidizing agents, it’s crucial to identify which species will be
preferentially oxidized to predict and control reactions effectively. This
article explores the key concepts, factors, and methods used to determine the
species that will undergo oxidation in such complex systems.

Understanding Electrolytic Cells and Oxidation
Processes

Electrolytic cells are devices that use electrical energy to drive chemical
reactions, often involving the transfer of electrons through oxidation and
reduction processes. When multiple species capable of oxidation are present,
predicting which one will be oxidized first depends on several factors rooted
in electrochemical principles.

Factors Influencing Which Species Gets Oxidized

Standard Electrode Potentials (E° Values)

The primary factor in predicting oxidation is the standard electrode
potential, which indicates a species' tendency to gain electrons (be reduced)
or, conversely, its oxidation potential when reversing the half-reaction.

Oxidation vs. Reduction: The standard reduction potentials are
tabulated; to find oxidation potentials, reverse the half-reactions and
change the sign of E°.

Comparison of Oxidation Potentials: The species with the most positive
oxidation potential (or equivalently, the least negative reduction
potential when reversed) will be more readily oxidized.

Electrode Potentials and Cell Voltage

The overall cell voltage or potential difference helps determine the
likelihood of oxidation. When multiple species are present, the one with the
highest oxidation potential (or lowest reduction potential when reversed) is



favored.

Concentration of Species (Nernst Equation)

The Nernst equation allows for the calculation of the actual electrode
potential under non-standard conditions, considering the concentration of
each species:

E = E° - (RT/nF)  ln([Products]/[Reactants])

- Higher concentrations of a species can increase its likelihood of being
oxidized.
- Adjusting concentrations can sometimes change which species is more
favorably oxidized.

Overpotential and Kinetics

Beyond thermodynamics, kinetic factors such as overpotential (extra voltage
needed to drive a reaction at a practical rate) influence which species is
oxidized.

Reaction Rate: Faster reactions tend to occur preferentially even if
thermodynamically less favorable.

Catalysts: Presence of catalysts can lower overpotentials, affecting
oxidation sequences.

Methodology for Determining Which Species is
Oxidized

To identify which species undergoes oxidation in a mixture, follow a
systematic approach combining electrochemical data, concentration
considerations, and kinetic factors.

Step 1: Gather Standard Electrode Potentials

- Obtain the reduction potentials (E°) for all species involved from standard
reference tables.
- Reverse the half-reactions to find their oxidation potentials; the more
positive the oxidation potential, the more likely the species is to be
oxidized.



Step 2: Compare Oxidation Potentials

- List all species with their oxidation potentials.
- Identify the species with the highest oxidation potential, indicating the
most thermodynamically favorable oxidation.

Step 3: Consider Concentrations Using the Nernst
Equation

- Adjust potentials based on the actual concentrations of species present.
- Use the Nernst equation to determine the corrected potentials under
reaction conditions.

Step 4: Evaluate Kinetic Factors and Overpotentials

- Consider reaction kinetics; some reactions may be kinetically hindered
despite favorable thermodynamics.
- Use experimental data or literature to assess reaction rates and
overpotentials.

Step 5: Analyze and Predict the Oxidation Sequence

- The species with the highest adjusted oxidation potential and favorable
kinetics will be oxidized first.
- Recognize that in practice, multiple factors can influence the actual
sequence, and experimental verification is often necessary.

Practical Examples of Determining Which Species
Is Oxidized

Example 1: Oxidation of Chloride and Bromide Ions

- Standard reduction potentials:

Cl- + e- → Cl2 + 2e
-; E° ≈ +1.36 V

Br- + e- → Br2 + 2e
-; E° ≈ +1.07 V

- To find oxidation potentials:
- Cl- → Cl2 + 2e-; E° ≈ -1.36 V
- Br- → Br2 + 2e-; E° ≈ -1.07 V
- Since Cl- has a more positive oxidation potential, chloride ions are more
likely to be oxidized preferentially.



Example 2: Metal Ions in Solution

- Metal ions such as Fe2+ and Cu2+ have different oxidation potentials.
- The one with the higher oxidation potential (less negative) will be
oxidized first when subjected to an external voltage.

Summary: Key Takeaways for Determining Which
Species Gets Oxidized

Use standard reduction potentials to find oxidation potentials by
reversing the half-reactions.

Compare oxidation potentials; the species with the highest potential is
more easily oxidized.

Adjust potentials for actual conditions using the Nernst equation,
considering concentrations.

Account for kinetic factors and overpotentials that influence the
reaction rates.

Experimental validation may be necessary, especially in complex
mixtures.

Conclusion

Determining which species undergoes oxidation in an electrolytic cell with a
mixture of oxidizable species involves understanding and applying
electrochemical principles. By analyzing standard electrode potentials,
considering actual concentrations, and evaluating kinetic factors, chemists
can predict the oxidation sequence and control electrochemical reactions
effectively. This knowledge is fundamental in applications ranging from
electroplating and metal refining to battery technology and analytical
chemistry, where precise control over oxidation processes is essential for
optimal performance.

Frequently Asked Questions

How can you predict which species will be oxidized in
an electrolytic cell containing multiple oxidizable
species?

You compare their standard oxidation potentials; the species with the lowest
oxidation potential is more likely to be oxidized first because it requires
less energy to lose electrons.



Does the concentration of species affect which one
gets oxidized in an electrolytic cell?

Yes, higher concentrations increase the likelihood of oxidation because the
rate of oxidation is proportional to concentration, according to
electrochemical principles.

Can the applied potential influence which species is
oxidized in a mixture?

Absolutely; by adjusting the applied voltage, you can selectively oxidize a
specific species based on its oxidation potential, enabling control over the
oxidation process.

What role does the standard oxidation potential play
in determining the oxidation order in a mixture?

The standard oxidation potential indicates the tendency of a species to be
oxidized; species with more negative (or lower) oxidation potentials are more
easily oxidized and will generally be oxidized first.

How does the presence of competing species affect the
oxidation process in a mixture?

Competing species can influence which is oxidized based on their respective
oxidation potentials and concentrations; the species with the most favorable
conditions (lowest oxidation potential and higher concentration) will
preferentially be oxidized.

Is it possible to selectively oxidize a specific
species in a mixture? If so, how?

Yes, by controlling the applied potential to match the oxidation potential of
the target species without affecting others, or by adjusting conditions like
pH and concentration to favor its oxidation.

What experimental methods can be used to determine
which species gets oxidized in a mixture?

Techniques like cyclic voltammetry allow you to analyze oxidation potentials
of individual species in a mixture, helping identify which will be oxidized
at specific voltages.

How does pH influence the oxidation tendencies of
different species in an electrolytic cell?

pH can alter the oxidation potentials of species, especially those involved
in acid-base equilibria, thereby changing which species are more readily
oxidized under certain pH conditions.



Additional Resources
If an electrolytic cell contains a mixture of species that can be oxidized,
how do you determine which species will be oxidized? This question is
fundamental in electrochemistry, especially in processes like electroplating,
metal refining, and analytical chemistry. Understanding the factors that
influence oxidation in a mixture allows chemists and engineers to control and
optimize the electrolysis process. This article explores the principles,
methods, and considerations involved in determining the species that will
undergo oxidation within a mixture in an electrolytic cell.

---

Understanding Electrolytic Cells and Oxidation

Before delving into the determination process, it's essential to comprehend
the basic concepts involved.

What is an Electrolytic Cell?

An electrolytic cell is a device that uses electrical energy to drive a non-
spontaneous chemical reaction. It consists of two electrodes (an anode and a
cathode) immersed in an electrolyte solution containing various ionic
species.

Oxidation and Reduction in Electrolysis

- Oxidation involves the loss of electrons.
- Reduction involves the gain of electrons.

In electrolysis, oxidation occurs at the anode, and reduction occurs at the
cathode. When multiple species capable of being oxidized are present,
determining which will actually undergo oxidation at the anode becomes a
nuanced problem influenced by several factors.

---

Factors Influencing Oxidation in a Mixture of
Species

Determining which species will be oxidized in a mixture primarily depends on
thermodynamic and kinetic considerations.

Electrode Potentials and Standard Electrode
Potentials

The standard electrode potential (E°) indicates the tendency of a species to



be oxidized or reduced. For oxidation, the relevant value is the reverse of
the standard reduction potential.

- The species with the most positive oxidation potential (or most negative
reduction potential) tends to be oxidized more readily.
- Comparison of standard potentials helps predict the preferential oxidation.

Features:

- Provides a thermodynamic benchmark.
- Useful for predicting the initial tendency of species to undergo oxidation.

Limitations:

- Does not account for kinetics or concentration effects.
- Only valid under standard conditions.

Overpotential and Kinetic Factors

Overpotential refers to the additional voltage required to drive a reaction
at a practical rate, overcoming kinetic barriers.

- Species with lower overpotentials are oxidized more easily.
- Kinetic factors such as activation energy influence which species are
oxidized despite thermodynamic favorability.

Features:

- Explains why thermodynamically favored reactions might not occur
preferentially.
- Critical in real-world applications where reaction rates matter.

Limitations:

- Overpotentials are often empirically determined.
- Difficult to predict without experimental data.

Concentration Effects and Nernst Equation

The concentrations of ionic species impact their oxidation tendencies.

- According to the Nernst equation, reducing the concentration of a species
shifts its potential, affecting which is oxidized.
- The species with the highest activity (or lowest concentration) may be more
readily oxidized.

Features:

- Allows calculation of potential under non-standard conditions.
- Critical in mixed solutions where concentrations vary.

Limitations:

- Requires accurate concentration data.
- Only provides electrochemical potential; kinetic factors still influence



actual oxidation.

---

Methods for Determining Which Species Will Be
Oxidized

Understanding the theoretical factors is essential, but practical methods are
necessary to determine the actual species oxidized in a given mixture.

1. Use of Standard Electrode Potentials and Pourbaix
Diagrams

- Standard Electrode Potentials: Compare the oxidation potentials of each
species.
- Pourbaix Diagrams: Map stable forms of species at different pH and
potentials, helping predict oxidation behavior.

Procedure:

- Identify the oxidation potentials of species in the mixture.
- The species with the lowest oxidation potential (most easily oxidized) is
most likely to be oxidized initially.

Pros:

- Provides a straightforward theoretical basis.
- Useful for initial predictions.

Cons:

- May not reflect actual conditions, especially kinetic barriers.
- Less effective when multiple species have similar potentials.

2. Electrochemical Techniques: Cyclic Voltammetry

Cyclic voltammetry (CV) is a powerful experimental technique to analyze
oxidation behavior.

- Measures current as a function of applied potential.
- Reveals the potential at which oxidation occurs for each species.

Procedure:

- Prepare an electrolyte containing the mixture.
- Scan the potential cyclically while recording current.
- Identify oxidation peaks corresponding to different species.

Pros:

- Provides direct experimental data.
- Differentiates between species with close potentials.



Cons:

- Requires specialized equipment.
- Interpretation can be complex in mixtures.

3. Controlled Potential Electrolysis

- Apply a fixed potential and observe which species are oxidized.
- Gradually increase potential until oxidation of the desired species is
achieved.

Pros:

- Allows selective oxidation.
- Useful in purification and analytical procedures.

Cons:

- Time-consuming.
- Requires prior knowledge of potentials.

4. Kinetic Studies and Overpotential Measurements

- Measure the overpotentials for oxidation of each species.
- Determine which reaction occurs more readily under given conditions.

Pros:

- Reflects real operational conditions.

Cons:

- Experimentally intensive.
- Overpotential data may not be widely available.

---

Practical Considerations and Challenges

While theoretical and experimental methods provide guidance, several
practical challenges influence the determination process.

Competitive Oxidation and Side Reactions

- Multiple species may oxidize simultaneously if their potentials are close.
- Side reactions may occur, complicating the analysis.



Impact of Electrode Material

- Different electrode materials have varying overpotentials for specific
reactions.
- Electrode surface properties can favor the oxidation of certain species
over others.

Concentration and pH Effects

- Variations in ionic concentrations and pH alter species stability and
potentials.
- Optimization may require adjusting conditions to favor certain oxidation
pathways.

---

Summary and Key Takeaways

Determining which species will be oxidized in an electrolytic cell containing
a mixture involves a combination of thermodynamic insights and kinetic
considerations.

Key points:

- The species with the most favorable thermodynamic potential (highest
oxidation potential) tends to be oxidized first.
- Overpotentials and kinetic barriers can override thermodynamic predictions.
- Experimental techniques like cyclic voltammetry are invaluable for
empirical determination.
- Factors such as electrode material, solution pH, and concentration
significantly influence oxidation behavior.
- Practical applications often require balancing theoretical predictions with
experimental validation.

Pros of current methods:

- Theoretical calculations provide quick initial predictions.
- Electrochemical techniques give definitive, real-world data.
- Adjustments in experimental conditions can steer oxidation toward desired
species.

Cons and limitations:

- Theoretical models may oversimplify complex systems.
- Experimental setups can be resource-intensive.
- Kinetic factors are often difficult to quantify precisely.

---

Conclusion



In summary, understanding which species in a mixture will be oxidized in an
electrolytic cell is a multifaceted problem that hinges on thermodynamics,
kinetics, and experimental validation. By leveraging standard electrode
potentials, employing electrochemical methods like cyclic voltammetry, and
considering practical factors such as electrode material and solution
conditions, chemists can accurately predict and control oxidation processes.
Mastery of these principles is essential for optimizing electrochemical
systems across industries, from metal refining to analytical chemistry,
ensuring efficiency, selectivity, and safety in electrochemical operations.
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