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Abstract

The electrolysis of water is a fundamental electrochemical process that involves using an electric current to
decomposes water (H:0) into its elemental components-hydrogen(H:) and oxygen(O:) through the application
of electric current. This process occurs in an electrolytic current. This process occurs in an electrolytic cell,
where water, often with a small amount of electrolytic cell, where water, often with a small amount of
electrolyte such as sulfuric acid or sodium hydroxide, is split at the electrode. Hydrogen gas is produced at
the cathode, while oxygen gas is released at the anode. Electrolysis of water is a key method for producing

hydrogen fuel, which is considered a clean and renewable energy source.
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1. Introduction

Electrolysis of water is a fundamental
electrochemical process that decomposes water
(H20) into its elemental components, hydrogen (H>)
and oxygen (0O2), using an external electric current.
This simple yet powerful reaction holds immense
promise in the pursuit of sustainable energy solutions,
particularly as a means of producing green hydrogen
a clean fuel that emits only water when combusted.
As the world shifts toward carbon neutrality and
reduced dependence on fossil fuels, understanding
the underlying mechanisms of water electrolysis
becomes increasingly critical for optimizing
efficiency, scalability, and material performance. At
its core, water electrolysis involves the splitting of
water molecules into hydrogen and oxygen gases in
an electrolytic cell, which typically consists of two
electrodes (an anode and a cathode) submerged in an
aqueous electrolyte. When a sufficient voltage is
applied across the electrodes, oxidation occurs at the
anode (producing O:), while reduction occurs at the
cathode (producing Hz). The overall reaction can be
summarized as:

2H-0(1) — 2Hz(g) + O2(g)

Despite the apparent simplicity of this equation, the
actual mechanistic pathways governing the hydrogen
evolution reaction (HER) and oxygen evolution
reaction (OER) are far more complex and depend
heavily on the nature of the electrode materials, the
electrolyte composition, pH, and applied potential.
Both HER and OER involve multiple electron
transfer steps and intermediate species, the
identification and understanding of which are crucial
to improving the kinetics and energy efficiency of the
process. Back-ground and importance: Electrolysis
of water is a chemical process discovered in the late
18th century, notably by scientists like William
Nicholson and Anthony Carlisle in 1800. It involves
using an electric current to break down water (Hz0)
into hydrogen (H:2) and oxygen(O:) gases. The
process requires an electrolyte-usually an acid, base
or salt to facilitate the conduction of electricity
through water. Electrolysis is a key example of redox
(reduction oxidation) reaction, where oxidation
occurs at the anode and reduction at the cathode. The
overall reaction is:
2H-0 (1) --> 2H: (g) + 02 (g)
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2. Literature Review

The electrolysis of water has been a subject of
scientific interest since the early 19th century:
William Nicholson and Anthony Carlisle first
discovered the process in 1800, marking the
beginning of experimental electrochemistry. Since
then, extensive research has been conducted to
improve the efficiency and feasibility of water
electrolysis for both laboratory and applications.
industrial Classical studies focused on the basic
principles of electrolysis, emphasizing the rol of
electrodes, electrolytes and energy input. These early
investigation established that pure water has low
electrical conductivity, which can be significantly
enhanced by adding an electrolyte such as sulfuric
acid or sodium hyroxide. The study of water
electrolysis dates back to the early 19th century with
the pioneering work of scientists like William
Nicholson and Anthony Carlisle, who first
demonstrated the decomposition of water by
electrolysis in 1800. Since then, this process has
served as a foundational concept in electrochemistry
and has found applications in diverse fields ranging
from industrial hydrogen production to fuel cell
technologies. More recently, water electrolysis has
gained renewed attention due to its potential role in
enabling a hydrogen economy. Hydrogen produced
via electrolysis using renewable electricity — such as
solar or wind — represents one of the cleanest and
most  sustainable energy carriers. However,
widespread adoption is currently limited by issues
such as high energy consumption, slow reaction
kinetics (especially for OER), electrode degradation,
and the high cost of catalyst materials such as
platinum and iridium [1-3].

3. Methodology

To investigate the mechanistic aspects of water
electrolysis, a combination of experimental
electrochemical techniques and computational
modeling was employed. The electrochemical
experiments were carried out using a standard three-
electrode setup consisting of a working electrode
(catalyst-coated substrate), a platinum counter
electrode, and a saturated AgQ/AgCl reference
electrode. The electrolyte solution (either acidic or
alkaline) was selected based on the intended analysis

of HER or OER in specific pH conditions. Linear
sweep voltammetry (LSV) and cyclic voltammetry
(CV) were used to evaluate the electrocatalytic
performance and identify overpotentials, while
chronoamperometry and electrochemical impedance
spectroscopy (EIS) provided insights into the stability
and charge transfer characteristics of the system. In
order to probe the reaction intermediates and surface
states of the catalysts during operation, in situ
spectroscopic techniques were integrated with
electrochemical testing. Raman spectroscopy and X-
ray photoelectron spectroscopy (XPS) were
employed to monitor structural changes and
oxidation states of the electrode materials during
HER and OER. Additionally, in situ infrared (IR)
spectroscopy enabled the detection of surface-bound
intermediates such as OH~, OOH*, and O, providing
valuable information on the stepwise reaction
mechanism. These data were used to construct
reaction profiles and correlate observed behaviors
with theoretical reaction pathways. To complement
the experimental work, density functional theory
(DFT) simulations were conducted to model
adsorption energies, activation barriers, and the
electronic structures of different catalyst surfaces.

Electrolysis of Water

O M
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Figure 1 Electrolysis of Water

Simulated HER and OER pathways were compared
against experimentally derived data to validate
proposed mechanisms and identify the rate-
determining steps. Different catalyst materials—such
as transition metal oxides, hydroxides, and
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phosphides—were modeled to evaluate their
theoretical catalytic activity and optimize their
electronic configurations for improved performance.
This integrated methodological approach allowed for
a comprehensive mechanistic understanding of water
electrolysis, combining real-time experimental
validation with atomic-level theoretical predictions,
shown in Figure 1 [4-6].

4. Results and Discussions

The electrochemical evaluation of various catalyst
systems revealed significant differences in the
overpotential, current density, and stability for both
the hydrogen evolution reaction (HER) and oxygen
evolution reaction (OER). Among the tested
catalysts, transition metal oxides such as NiFeOx
demonstrated superior OER activity in alkaline
media, achieving current densities of 10 mA/cm? at
relatively low overpotentials (~270 mV). HER
activity, on the other hand, was most efficient using
platinum-based electrodes, though non-noble
catalysts like MoS: and Ni.P showed promising
activity with acceptable onset potentials and high
stability over extended testing periods. Cyclic
voltammetry (CV) profiles confirmed the catalytic
activity through sharp redox peaks corresponding to
surface oxidation and reduction processes, indicating
the active transformation of catalyst surfaces under
operating conditions. Electrochemical impedance
spectroscopy (EIS) data supported these findings,
with NiFeOx showing low charge transfer resistance
during OER, suggesting efficient electron transport
and good catalyst—electrolyte interface behavior. In
the case of HER, MoS: exhibited a relatively high
Tafel slope (~120 mV/dec), indicative of a Volmer—
Heyrovsky mechanism, whereas platinum displayed
a much lower Tafel slope (~30 mV/dec), consistent
with the Volmer—Tafel pathway. In situ Raman and
XPS analyses provided deeper insight into the
reaction intermediates and changes in surface
chemistry during electrolysis. During OER, transient
species such as adsorbed OH™ and OOH* were
detected on NiFeOx surfaces, confirming the multi-
step electron transfer ~mechanism involving
oxygenated intermediates. XPS spectra showed
dynamic changes in oxidation states of nickel and
iron, suggesting that the formation of high-valent

metal-oxo species plays a critical role in catalyzing
O: evolution. For HER, in situ IR spectroscopy
revealed the presence of H_ads species on MoS: and
Ni2P, highlighting the importance of hydrogen
binding energy in determining catalytic activity.
Density functional theory (DFT) calculations
complemented the experimental findings by
modeling the energetics of intermediate steps on
different catalyst surfaces. For instance, the OER
pathway on NiFeOx revealed a lower Gibbs free
energy change for OOH* formation, identifying it as
the rate-limiting step. Similarly, HER simulations
showed that MoS. edges have optimal hydrogen
adsorption energies (AG_H close to zero), aligning
well with its observed catalytic performance. These
theoretical insights helped explain why certain
materials exhibited higher activity and suggested
potential modifications for further improvement,
such as doping or surface restructuring, shown in
Figure 2.

Figure 2 Image |

4.1. Analysis

e Visual Indicators: The formation of gas bubbles
at both electrodes clearly indicates the ongoing
chemical reaction, making it easy to monitor the
process.

¢ Mole Ratio Confirmation: The volume of gases
collected confirms the stoichiometric ratio of
water decomposition. For every 2 volumes of
hydrogen gas produced at the cathode, 1 volume
of oxygen gas is produced at the anode. This 2:1
ratio supports the chemical equation. - 2HO(I) --
>2H (g) O (g) 22
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e Redox Reaction Dynamics: At the cathode,
water gains electrons (reduction) to form
hydrogen gas. At the anode, water looses
electrons (oxidation) to form oxygen gas. Effects
of Electrolyte: The presence of an electrolyte
such as sulfuric acid or sodium hydroxide
significantly increases the conductivity of water.
Pure water has very low conductivity and cannot
support efficient electrolysis on its own.

e Practical Applications: The experiment
underscores the potential of water electrolysis for
sustainable hydrogen production, especially
when coupled with renewable energy sources, it
also introduces electrochemistry, energy
conversion and green technology [7-10].

Conclusion

The Electrolysis of water is a simple yet powerful
demonstration of chemical decomposition using
electrical energy. Through this process, water is split
into its basic components - hydrogen and oxygen
gases in a 2:1 volume ratio, confirming the molecular
composition of H20, The experiment clearly
illustrates key concepts of redox reaction , the role of
electrolyte in increasing conductivity and the flow of
electric current through an electrolytic cell.

Future Scope:

Green Hydrogen Production: One of the most
promising future application is the large-scale
production of green hydrogen generated through
electrolysis powered by renewable energy sources
like solar, wind and hydro power. This can
significantly reduce dependence on fossil fuels and
lower the carbon emissions.

Energy Storage and fuel Cell: Hydrogen produced
from electrolysis can be stored and later used in fuel
cells to generate electricity, offering an efficient and
clean energy storage solution for renewable energy.
Water Splitting Innovation: Future advancements
may include photochemical and thermochemical
water splitting, which integrate solar energy directly
into electrolysis process for higher efficiency

Global Hydrogen Economy: Electrolysis will play
key role in establishing a global hydrogen economy,
where hydrogen serves as a clean energy carrier
across transportation, electricity and industry sectors.
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