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Electrolysis involves passing an electric current through a solution to
induce a chemical change. When a concentrated solution of potassium bromide
(KBr) undergoes electrolysis, various products are formed depending on the
nature of the electrolyte, electrodes, and the conditions of the process. A
key question in such electrochemical reactions is identifying the gases
evolved at the cathode and anode, as these products are crucial in
understanding the overall chemical process, potential applications, and
safety considerations. In this article, we will explore the electrolysis of
potassium bromide solution, focusing specifically on the gas produced at the
cathode, the underlying electrochemical principles, and related factors
influencing the process.

Understanding Electrolysis of Potassium Bromide
Solution
Electrolysis is a process that uses electrical energy to drive a non-
spontaneous chemical reaction. When potassium bromide solution is
electrolyzed, the ions present in the solution are reduced or oxidized at the
electrodes, leading to the formation of different substances. To understand
what gas is produced at the cathode, it's essential to comprehend the
composition of the solution and the electrochemical behavior of its ions.

Components of Potassium Bromide Solution
Potassium bromide is an ionic compound that dissociates in water as follows:

- KBr (aq) → K⁺ (aq) + Br⁻ (aq)

The aqueous solution contains potassium ions (K⁺), bromide ions (Br⁻), and
water molecules (H₂O). When an electric current passes through, these ions
migrate towards the electrodes: cations (K⁺) move to the cathode (negative
electrode), while anions (Br⁻) move towards the anode (positive electrode).



Electrochemical Series and Reactivity
The electrolysis process is heavily influenced by the electrochemical
potentials of the species involved. The key considerations include:

- The reduction potentials of the ions in solution.
- The tendency of water to undergo electrolysis, especially in dilute and
concentrated solutions.
- The relative ease of reduction or oxidation of the ions present.

For potassium bromide, the primary ions of interest are K⁺ and Br⁻, along
with water molecules.

What Happens at the Cathode During Electrolysis
of KBr Solution?
At the cathode, reduction reactions occur. The species available for
reduction include:

- K⁺ ions
- Water molecules (H₂O)

Determining which species gets reduced depends on their reduction potentials.

Reduction Potentials and Their Significance
The reduction potential indicates how easily a species gains electrons. The
standard reduction potentials (E°) are key to predicting the products:

| Species | Reduction Reaction | E° (V) |
|---------------------|------------------------------------------------------
|---------------------------|
| K⁺ | K⁺ + e⁻ → K (s) | -2.93 |
| Water (H₂O) | 2H₂O + 2e⁻ → H₂ (g) + 2OH⁻ | -0.83 |

Note: The more positive the reduction potential, the easier it is to reduce
the species.

Since the reduction potential of water (-0.83 V) is more positive than that
of potassium ions (-2.93 V), water is more readily reduced at the cathode
than K⁺ ions, particularly in aqueous solutions.

Implication for Concentrated KBr Solution
In a concentrated potassium bromide solution, the high concentration of KBr
suppresses water electrolysis to some extent, but ultimately, water reduction
is often favored because it requires less energy (more positive reduction
potential). Therefore, the dominant reduction reaction at the cathode is:



2H₂O + 2e⁻ → H₂ (gas) + 2OH⁻

This indicates that hydrogen gas (H₂) is produced at the cathode during
electrolysis of potassium bromide solution.

Gas Evolved at the Cathode: Hydrogen or
Potassium?
Based on electrochemical principles, the gas produced at the cathode during
electrolysis of a potassium bromide solution is hydrogen gas (H₂). Let's
explore why.

Why Hydrogen Gas Is Produced
Because water reduction is thermodynamically more favorable than potassium
ion reduction, hydrogen gas evolution occurs predominantly at the cathode in
aqueous KBr solutions. The key points include:

- The reduction of K⁺ ions to metallic potassium is highly unfavorable in
aqueous solution because it requires very negative potentials and the
formation of metallic potassium is not favored under typical electrolysis
conditions.
- Water molecules readily accept electrons to produce hydrogen gas, which
escapes as bubbles.

What About Potassium Metal?
While potassium metal can be produced by electrolysis of molten potassium
bromide (fused state), in aqueous solutions, potassium ions are strongly
hydrated and do not get reduced to metallic potassium under normal
conditions.

Summary of Electrolysis Products in KBr
Solution
| Electrode | Species Reduced/Oxidized | Gas/Products Evolved | Explanation |
|-----------|--------------------------|----------------------|--------------
|
| Cathode | Water (H₂O) | Hydrogen gas (H₂) | Favored reduction of water due
to potentials |
| Anode | Bromide ions (Br⁻) | Bromine gas (Br₂) | Oxidation of Br⁻ to Br₂ |

Note: The focus here is on the cathode product, which is hydrogen gas.



Factors Influencing the Gas Production at the
Cathode
Several factors affect which gas is produced at the cathode during
electrolysis, especially in a potassium bromide solution.

Concentration of the Solution
- In dilute solutions, water electrolysis is more prominent.
- In concentrated solutions like KBr, bromide ions may be oxidized at the
anode to produce bromine, but at the cathode, water reduction remains
dominant.

Type of Electrodes
- Inert electrodes (platinum, graphite) do not participate in the reaction
but facilitate electron transfer.
- The choice of electrodes influences overpotentials and reaction pathways.

Potential Applied
- Sufficient voltage must be applied to overcome the overpotential for water
reduction to produce hydrogen.

Practical Applications and Safety
Considerations
Understanding the gases produced during electrolysis is essential in various
industrial and laboratory processes.

Industrial Uses of Hydrogen Gas
- Hydrogen produced at the cathode can be collected and used for:

- Fuel cells
- Hydrogenation reactions
- As a reducing agent in chemical manufacturing

Handling Bromine and Hydrogen Gases Safely
- Bromine gas (if produced at the anode) is toxic and corrosive.
- Hydrogen gas is flammable and explosive in mixture with air.
- Proper ventilation, gas collection, and safety protocols are necessary
during electrolysis.



Conclusion
In summary, when a concentrated solution of potassium bromide is
electrolyzed, the primary gas evolved at the cathode is hydrogen. This
results from water molecules being reduced more readily than potassium ions,
due to their favorable reduction potential. The process highlights
fundamental electrochemical principles like reduction potentials, ion
migration, and the influence of concentration on electrolysis products.
Whether for laboratory experimentation or industrial applications,
understanding these electrolysis products is crucial for safety, efficiency,
and innovation in chemical processes.

Key Takeaways:
- Electrolysis of KBr solution produces hydrogen gas at the cathode.
- Water reduction is favored over potassium ion reduction in aqueous
solutions.
- Bromine gas is evolved at the anode from bromide oxidation.
- Multiple factors influence the specific gases produced, including
concentration, electrode type, and applied voltage.

By grasping these concepts, chemists and engineers can better design and
control electrolysis processes for desired outcomes, ensuring safety and
optimizing efficiency.

Frequently Asked Questions

When a concentrated solution of potassium bromide is
electrolyzed, what gas is produced at the cathode?
Hydrogen gas is produced at the cathode during the electrolysis of potassium
bromide solution.

Why is hydrogen gas generated at the cathode when
electrolyzing potassium bromide solution?
Because water undergoes reduction more readily than potassium ions at the
cathode, producing hydrogen gas.

Does potassium or bromide ion get reduced at the
cathode during electrolysis of potassium bromide
solution?
No, in aqueous solution, water molecules are reduced preferentially, leading
to hydrogen gas formation instead of potassium or bromide ions.



What are the products at the anode and cathode
during the electrolysis of potassium bromide
solution?
At the anode, bromine gas is released, while at the cathode, hydrogen gas is
produced.

How does the concentration of potassium bromide
affect the gases evolved during electrolysis?
In concentrated solutions, bromine may be evolved at the anode, but at the
cathode, hydrogen gas is consistently produced regardless of concentration
due to water reduction.

Additional Resources
If A Concentrated Solution Of Potassium Bromide Is Electrolysed, What Gas
Will Be Produced At The Cathode?

---

Introduction

Electrolysis, a fundamental process in chemistry, involves the decomposition
of a compound using an electric current. It is widely employed in industrial
applications, including metal extraction, electroplating, and chemical
synthesis. Among the myriad substances subjected to electrolysis, aqueous
solutions of salts like potassium bromide (KBr) are common. Understanding
what gases are produced during the electrolysis of such solutions is
essential, both from a scientific standpoint and for practical applications.

This article investigates the question: If a concentrated solution of
potassium bromide is electrolysed, what gas will be produced at the cathode?
To answer this, we will delve into the electrolyte's behavior, the
electrochemical principles involved, the possible reduction reactions at the
cathode, and the implications of solution concentration on the process.

---

Background: Electrolysis of Aqueous Potassium Bromide Solutions

Potassium bromide (KBr) is an ionic compound composed of potassium (K⁺) and
bromide (Br⁻) ions. When dissolved in water, these ions dissociate:

KBr (s) → K⁺ (aq) + Br⁻ (aq)

In aqueous solution, the ions are free to migrate towards electrodes under an
electric current. During electrolysis, the cations migrate toward the cathode



(negative electrode), where reduction occurs, while anions move toward the
anode (positive electrode), where oxidation occurs.

Understanding the electrochemical behavior of potassium ions and bromide ions
in water is crucial. The key electrochemical considerations include standard
reduction potentials, the relative ease of reduction, and the influence of
solution concentration.

---

Electrochemical Series and Standard Reduction Potentials

The standard reduction potentials (E°) provide insight into which species are
more likely to be reduced at the cathode. Relevant half-reactions and their
standard potentials are:

- Potassium ion:

K⁺ + e⁻ → K(s)  E° ≈ -2.93 V

- Bromide ion:

Br⁻ + e⁻ → Br₂ (g)  E° ≈ +1.07 V

- Water:

2H₂O + 2e⁻ → H₂ + 2OH⁻  E° ≈ -0.83 V

Note: The potentials are referenced against the standard hydrogen electrode
(SHE).

From these values:

- Bromide ions have a much higher reduction potential (+1.07 V) compared to
potassium ions (-2.93 V), indicating that bromide ions are more easily
reduced than potassium ions.

- The reduction of water to hydrogen gas occurs at a potential of
approximately -0.83 V.

---

Theoretical Expectations in Electrolysis

Given the standard potentials, the following predictions can be made:

- At the cathode: Bromide ions (Br⁻) are more easily reduced than potassium
ions because their reduction potential is higher (less negative). Therefore,
bromide ions are more likely to gain electrons to form bromine gas (Br₂).

- At the anode: Chloride or bromide ions can be oxidized to form halogen



gases (Cl₂ or Br₂). In the case of potassium bromide, bromide ions are
present, so bromine would be evolved at the anode.

- Hydrogen evolution: Water can be reduced to hydrogen gas (H₂) if the
reduction of bromide ions is not kinetically favored or under certain
conditions.

---

Impact of Solution Concentration on Gas Evolution

Concentration significantly influences electrolysis outcomes:

- Dilute solutions: The reduction of water to hydrogen is more prominent
because the concentration of bromide ions is low; thus, water reduction is
kinetically more feasible.

- Concentrated solutions: The abundance of bromide ions enhances their
reduction likelihood, favoring bromine gas formation at the cathode, along
with bromine gas evolution at the anode.

In highly concentrated potassium bromide solutions, the electrolysis process
is predominantly characterized by:

- At the cathode: Reduction of bromide ions to bromine gas (Br₂).

- At the anode: Oxidation of bromide ions to bromine gas.

The process thus produces bromine gas at both electrodes, with hydrogen
evolution suppressed due to the high concentration of bromide ions.

---

Detailed Electrolysis Process for Concentrated KBr Solution

Step 1: Migration of ions

- K⁺ ions move toward the cathode but are not reduced because potassium metal
is highly reactive and not formed under these conditions.
- Br⁻ ions migrate toward the anode and cathode, but reduction occurs
primarily at the cathode.

Step 2: Reduction at the cathode

- Bromide ions accept electrons:

2Br⁻ + 2e⁻ → Br₂ (g)

- The evolution of bromine gas is observed at the cathode surface. The
process is facilitated in concentrated solutions due to the high availability
of Br⁻ ions.



Step 3: Oxidation at the anode

- Bromide ions undergo oxidation:

2Br⁻ → Br₂ (g) + 2e⁻

- Bromine gas is also evolved at the anode.

Step 4: Overall reaction

In the case of concentrated KBr solution, the overall electrolysis can be
summarized as:

2Br⁻ (aq) → Br₂ (g) + 2e⁻ (at both electrodes)

This indicates that bromine gas (Br₂) is produced at both electrodes during
the electrolysis of concentrated potassium bromide solutions.

---

Experimental Evidence and Industrial Relevance

Historically, electrolysis of potassium bromide solutions has been employed
in the production of bromine. Industrial processes such as the bromine
manufacturing process utilize concentrated brine solutions and electrolytic
cells to generate bromine gas efficiently.

Experimental studies have demonstrated that in concentrated KBr solutions,
bromine gas is evolved at the electrodes, often accompanied by the release of
hydrogen when the conditions favor water reduction (i.e., in dilute
solutions). However, in concentrated solutions, bromine gas dominates the
gaseous products.

---

Safety Considerations

- Bromine gas (Br₂) is toxic, corrosive, and has a pungent odor. Its
production during electrolysis of potassium bromide must be carefully
controlled with appropriate safety measures.
- Gas collection and ventilation are essential.
- Proper electrode materials (e.g., platinum or inert graphite) are
recommended to prevent unwanted reactions or corrosion.

---

Summary of Key Points

- In concentrated potassium bromide solutions, bromine gas is produced at the
cathode during electrolysis.
- The process involves the reduction of bromide ions to bromine gas,



facilitated by the high concentration of Br⁻ ions.
- Hydrogen gas evolution is suppressed in concentrated solutions but can
dominate in dilute solutions.
- Bromine gas is also produced at the anode via oxidation of bromide ions.
- The overall electrolysis of concentrated KBr solutions is a practical
method for bromine production in industry.

---

Final Remarks

Understanding the electrolysis behavior of potassium bromide solutions
reveals the fundamental electrochemical principles governing gas evolution at
electrodes. In particular, the production of bromine gas during the
electrolysis of concentrated KBr solutions exemplifies how solution
concentration influences the pathway and products of electrochemical
reactions.

This knowledge not only enriches our comprehension of electrochemical
processes but also underpins industrial applications, environmental
considerations, and safety protocols involved in handling halogen gases. As
science advances, more precise control of electrolysis conditions will
continue to optimize the production of desired gases and chemicals, with
implications across various sectors.

---

In conclusion, when a concentrated solution of potassium bromide is
electrolysed, bromine gas (Br₂) will be produced at the cathode, primarily
due to the preferential reduction of bromide ions over water or potassium
ions under these conditions.
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