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Annotation: This article explores the chemical reactions occurring during the electrolysis of
aqueous solutions and the liquefaction processes. It focuses on the mechanisms behind these
reactions, the conditions under which they proceed, and their industrial applications. Through
a detailed literature review, this work summarizes the theoretical principles, methodologies,
and the outcomes of experimental studies, offering a basis for further development in
electrochemical and liquefaction technologies. The paper concludes by providing suggestions
for optimizing these processes for energy efficiency and environmental sustainability.
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Electrolysis is a fundamental electrochemical process widely used in industrial
applications, ranging from metal extraction to water purification and hydrogen production.
When applied to aqueous solutions, electrolysis leads to the dissociation of water or dissolved
salts, which generates ions that undergo oxidation and reduction reactions at the electrodes.
Liquefaction, on the other hand, refers to processes where a gas or a solid is converted into a
liquid form under specific physical conditions, and it has applications in areas such as natural
gas storage and carbon capture.

Understanding the chemical reactions and the conditions governing these processes is
essential for optimizing their industrial use. The main goal of this paper is to discuss the
reactions occurring during electrolysis of aqueous solutions, the factors influencing these
reactions, and to compare them with liquefaction processes, drawing parallels where
applicable.

Electrolysis of aqueous solutions has been studied extensively due to its importance in
energy storage and conversion systems, such as batteries and fuel cells. According to Faraday’s
laws of electrolysis, the amount of chemical change during electrolysis is proportional to the
charge passed through the solution. Various studies have focused on the efficiency of
electrolysis, particularly the factors that influence it, such as the nature of the electrolyte,
electrode materials, temperature, and applied voltage.

Liquefaction processes, particularly those involving gases like carbon dioxide and
natural gas, have garnered significant attention due to their role in reducing the volume of these
gases for transport and storage. Studies have explored the thermodynamics and kinetics of
liquefaction, emphasizing the temperature and pressure conditions needed to achieve phase
transitions.
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Electrolysis of Aqueous Solutions

The experimental setup for electrolysis typically involves an electrolyte solution (such
as NaCl or H2S04), electrodes (commonly platinum, carbon, or other inert materials), and a
power source to provide the necessary electrical potential. The reactions at the anode and
cathode depend on the composition of the electrolyte, with water molecules being either
reduced or oxidized depending on the conditions.

Liquefaction Processes

Liquefaction of gases involves cooling and compressing a gas until it transitions into a
liquid state. The equipment used includes compressors, heat exchangers, and expansion valves.
The Clausius-Clapeyron equation governs the relationship between temperature and pressure
in phase transitions, and specific thermodynamic conditions must be maintained for efficient
liquefaction.

Electrolysis is a process that uses electrical energy to drive a non-spontaneous chemical
reaction. It can occur in two main environments: aqueous solutions and molten (liquefied) ionic
compounds. Here are the chemical reactions involved in both processes:

1. Electrolysis of Aqueous Solutions

In aqueous electrolysis, water is present, which can participate in the electrolysis
process. The main reactions depend on the ions present in the solution. Here are some general
reactions:

- At the Anode (Oxidation):

- If halide ions (like ClI” or Br) are present, they can be oxidized to form halogen gas.
- Example: 2CI"—Clx(g)+2e~

- If no halide ions are present, water can be oxidized to oxygen gas:
- Example: 2H,0—02(g)+4H" +4e~

- At the Cathode (Reduction):

- Cations (like H" from water or metal cations like Na* or Cu?*) can be reduced. For
example:
- If the solution is acidic, hydrogen ions are reduced to hydrogen gas:
2H*+2e —H>(qg)
- For metal cations (like Cu*"):
Cu?*+2e —Cu(s)

2. Electrolysis of Molten (Liquefied) lonic Compounds

In molten electrolysis, the ionic compound is heated until it melts, allowing ions to
move freely. The reactions are simpler because there are no competing reactions from water.

- At the Anode (Oxidation):

- Anions from the molten compound are oxidized. For example, if molten sodium
chloride (NaCl) is electrolyzed:
- Example:
2CI"—Clz(g)+2e”

- At the Cathode (Reduction):

- Cations are reduced to their elemental form. Using sodium chloride as an example:
- Example: Na*+e —Na(s)

Summary

- In aqueous solutions, both water and ions participate in the electrolysis process,
leading to products like hydrogen and oxygen gases or metal deposits.

- In molten ionic compounds, only the ions from the compound react, producing
elemental metals and gases like chlorine.

These reactions can vary significantly depending on the specific ionic compounds and
concentrations used in the electrolysis process.

1l4|Page




N
( Open Academia: Journal of Scholarly Research
Volume 2, Issue 10, October, 2024 il A
ACADEMIA ONE ISSN (E): 2810-6377 S
Website: https:/ /academiaone.org/index.php/4

In the electrolysis of aqueous solutions, chemical reactions occur under specific
conditions. Here's a summary of the main factors that influence these reactions:

Electrolyte Composition

In the electrolysis of aqueous solutions, the solvent (water) and the dissolved electrolyte
both play significant roles in the chemical reactions. Here's a more detailed breakdown:

- Aqueous Solutions: The solvent is water (H20), and the electrolyte is a dissolved
substance like a salt, acid, or base. The electrolyte dissociates into positive and negative ions.
These ions migrate toward the cathode (negative electrode) and anode (positive electrode),
respectively, under the influence of the applied electric current.

- lon Selection: In an aqueous solution, there may be multiple ions present, but not all
ions are discharged at the electrodes. The ion that undergoes discharge depends on:

- Electrochemical Series: The position of the ion in the electrochemical series (its
relative reactivity) will determine whether it gets reduced or oxidized.

- Applied Voltage: The voltage applied to the electrolytic cell affects the energy
required to discharge different ions.

- Electrode Potential: Some ions are more easily discharged because they require less
energy to gain or lose electrons compared to others.

For example, in the electrolysis of sodium chloride (NaCl) solution, hydrogen ions (H")
from water are often reduced at the cathode to form hydrogen gas (H-), while chloride ions
(CI") are oxidized at the anode to form chlorine gas (Cl.), since discharging water to form
oxygen requires more energy than discharging CI™ ions.

Electrode Materials

Electrode materials play a crucial role in electrochemical reactions, and they are
typically classified into two categories based on their reactivity:

Inert Electrodes: These materials, like platinum or graphite, do not participate directly
in the chemical reactions occurring in the electrochemical cell. Instead, they serve as
conductors for the transfer of electrons. Since they don't react with the electrolyte or products
of the reaction, they are useful for maintaining the integrity of the electrochemical setup,
especially in cases where only ion transfer is required.

Reactive Electrodes: In some electrochemical cells, the electrodes themselves
participate in the reaction. This is often the case when the anode or cathode is made of a metal
or another material that can be oxidized or reduced during the reaction. These materials are
consumed or altered during the process, impacting the overall efficiency and outcome of the
reaction.

The choice of electrode material affects the efficiency, durability, and cost of the
electrochemical system.

Voltage (Potential Difference)

- The applied voltage must be high enough to overcome the electrochemical potential
required to drive the reaction. Different ions require different potentials to be reduced or
oxidized.

- For example, in the electrolysis of water, a certain minimum voltage (greater than
1.23V) is needed to split water into hydrogen and oxygen.

Nature of the lons

- Cations (positive ions) move towards the cathode (negative electrode) and undergo
reduction (gain electrons).

- Example: 2H*+2e"—H>(qg)

- Anions (negative ions) move towards the anode (positive electrode) and undergo
oxidation (lose electrons).

- Example: 2CI"—Cly(g)+2e"
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Water’s Role in Aqueous Solutions
- Since water is present, it can also be involved in the reaction. For example, water
molecules can be oxidized to produce oxygen gas at the anode or reduced to produce hydrogen
gas at the cathode.
- In some cases, water competes with other ions (such as chloride ions) for the
oxidation process.
Liquefaction
- This refers to converting a gas into a liquid, but in the context of electrolysis, it is
more relevant when gases like hydrogen and oxygen are formed as products. These gases can
be collected, compressed, and liquefied for various applications.
- For instance, hydrogen gas produced during water electrolysis can be collected and
liquefied for storage or transportation.
Examples of Electrolysis Reactions:
1. Electrolysis of Sodium Chloride (NaCl) Solution:
- Cathode Reaction (Reduction): 2H,0O+2e —H>+20H"™
- Anode Reaction (Oxidation): 2ClI"—Clz(g)+2e"
2. Electrolysis of Water:
- Cathode Reaction (Reduction): 2H.O+2e —H2(g)+20H"
- Anode Reaction (Oxidation): 2H20—02(g)+4H +4e~
Factors Affecting Electrolysis Efficiency:
- Concentration of Electrolyte: A higher concentration can increase the conductivity of
the solution and improve the efficiency of the process.
- Temperature: Higher temperatures can increase the mobility of ions and accelerate the
rate of reaction.
- Current Density: The amount of current passed through the solution per unit area of
the electrode affects the rate of the reaction.
In summary, the conditions for chemical reactions during electrolysis of aqueous
solutions and liquefaction are heavily dependent on the composition of the electrolyte, the
voltage applied, and the nature of the electrodes and ions involved.

5. Discussion

The results align with theoretical predictions based on electrochemical and
thermodynamic principles. Electrolysis reactions are strongly influenced by the voltage
applied, with overpotential often needed to overcome activation energy barriers at the
electrodes. In some cases, undesirable side reactions, such as oxygen evolution at the anode,
reduce the process's efficiency.

In liquefaction, the energy required to achieve the phase transition is largely dependent
on the molecular properties of the gas and the equipment used. Compressors capable of
achieving high pressures can significantly reduce energy consumption, but this comes with
increased equipment costs and maintenance.

Conclusions

Electrolysis and liquefaction processes are both crucial for modern industrial
applications, particularly in energy sectors. Electrolysis offers a pathway for clean hydrogen
production, while liquefaction enables the efficient storage and transport of gases. Optimization
of these processes depends on careful selection of materials and control over reaction
conditions.

For Electrolysis:

- Research should focus on developing more cost-effective and efficient electrode
materials to reduce the overpotential and side reactions.
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- Integrating renewable energy sources with electrolysis systems could enhance
sustainability, particularly for hydrogen production.
For Liquefaction:
- Future studies should explore ways to lower the energy requirements of liquefaction
by optimizing pressure and temperature control systems.
- Developing new refrigerants with better thermodynamic properties could improve
the efficiency of liquefaction processes for gases like natural gas and CO2.
These suggestions aim to enhance the energy efficiency and sustainability of
electrolysis and liquefaction, making them more viable in the context of global energy
transitions.
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