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Introduction

The hydrogen evolution reaction is central to electrochemical technologies aimed at producing clean
hydrogen fuel. HER Kkinetics strongly influence the overall efficiency of water electrolysis and other
hydrogen-based energy systems. Although noble metals such as platinum provide benchmark activity, their
limited availability necessitates alternative catalyst development. Recent research has focused on tailoring
catalyst surfaces at the atomic level to optimize hydrogen adsorption and desorption steps. Understanding
the mechanistic pathways of HER under different pH environments has become increasingly important,
enabling rational catalyst design and improved performance. Electrochemical water splitting represents a
promising solution to the global demand for clean energy carriers, particularly hydrogen. As concerns over
fossil fuel depletion and greenhouse gas emissions intensify, hydrogen produced via water electrolysis
offers an environmentally benign alternative. The process involves splitting water molecules into hydrogen
and oxygen using electrical energy, ideally sourced from renewables such as solar or wind. Despite its
conceptual simplicity, the practical realization of efficient water splitting is hindered by sluggish reaction
kinetics and high overpotentials. Significant research efforts have therefore focused on developing efficient
electrocatalysts and optimizing electrode—electrolyte interfaces to minimize energy losses. Understanding
the interplay between materials chemistry, electrochemical kinetics, and system design is critical for
advancing this technology toward large-scale implementation.

Conclusion



Significant progress has been made in developing non-noble metal HER catalysts with competitive activity
and stability. Continued exploration of electronic structure modulation and nanoscale engineering is
expected to further enhance catalytic efficiency. Future work should prioritize scalable synthesis methods

and long-term durability studies to facilitate industrial adoption.

REFERENCES

1. James M, Stokes R, Wan NG et al. Chemical Connections 2, VCE Chemistry Units 3 and 4,
Jacaranda 2" Edition, John Wiley and Sons Australia. 2000;Chapters 14 and 15:274-314.

2. Smith R. Conquering chemistry. Mc Graw Hill HSC Course, 3™ Edition, Mc Graw Hill
Australia. 2001;Chapter 3:67-91.

3. Leo M. Likar. Background ionized radiation battery energy nuclear. Res Rev
Electrochemistry. 2019; 9(Article in press):3.

4. Leo M. Likar. Background ionized radiation battery energy nuclear. Res Rev
Electrochemistry. 2019; 9(Article in press):4.

5.  Gautreau R, Savin W. Theory and problems of modern physics. Schaum’s Outlines 2" Edition
Mc Graw Hill. 1999;Chapters 19 and 20:193-223.



