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This doctoral thesis details the development of electrocatalysts for efficient conversion a
nd storage of electricity from renewable energy via electrolysis. It comprises five chapt
ers: an introduction, three chapters on different material strategies, and a conclusion.

Chapter 1: Introduction

This chapter the necessity of electrolysis as a scalable energy conversion and storage te
chnology for a sustainable energy system transition, emphasizing the role of electrolysis
and the hydrogen evolution reaction (HER). _

Chapter 2: Hydrogen Bond Conductive Polymer Catalysts (HCPC)

Focusing on HCPCs, this chapter explores polymers, thereby poly-neutral red and polyd
opamine-modified electrodes, achieving low overpotentials. It also investigates the polym
erization of DNA bases (adenine, guanine, cytosine, thymine), finding only polyguanine
as an effective catalyst, indicating catalytic activity improve with hydrogen bonds dens

ity.

Chapter 3: Mesoporous Ni Electrode Catalysts with Fractal Structure

This chapter presents the development of mesoporous Ni films with fractal growth to e
nhance HER performance in alkaline media, demonstrating improved electrochemical sur
face area and reduced overpotential.

Chapter 4: Polymer/Metal Hybrid Electrode Catalysts
Examining the hybridization of Ni and Poly-L-lysine, this chapter shows enhanced catal
ytic activity in alkaline media, underscoring the potential of polymer-metal hybrids.

Chapter 5: Conclusion

The thesis concludes with proposals for ideal catalyst structures, comparing the potential
of different approaches and offering a comprehensive perspective on future electrode ¢
atalyst research, emphasizing the need for innovative solutions in renewable energy.
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