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Abstract

As an efficient and sustainable approach for hydrogen production, water electrolysis technology has
shown great potential in addressing the energy crisis and environmental pollution. However, the sluggish
kinetics and high energy consumption of the anodic oxygen evolution reaction (OER) limit its industrial-
scale application, necessitating the development of stable and efficient catalysts. Utilizing the oxidation
reactions of organic small molecules (such as methanol, urea, etc.) to replace OER not only reduces energy
consumption but also enables the production of high-value-added chemicals. Currently, electrocatalysts for
oxidation reactions are predominantly based on noble metals, which suffer from high cost and resource
scarcity. Transition metal hydroxides, owing to their unique layered structures, compositional diversity, and
low cost, have garnered extensive attention in the field of electrocatalysis. Nevertheless, their practical
application is still constrained by issues such as poor electrical conductivity, limited active sites, and
insufficient stability.

To address these challenges, this study introduces SiCls as a dopant into a series of transition metal
hydroxides to successfully construct abundant M-O-Si bonds. The regulatory mechanism of Si doping on the
electronic structure, coordination environment, and interfacial microenvironment is systematically
investigated, leading to significantly enhanced electrocatalytic oxidation performance. The specific research
contents are as follows:

(1) To address the critical issue of insufficient catalyst stability during the OER, a Si-CoFe-
LDH/Ni3So/NF electrode was fabricated using a one-step electrodeposition method combined with an
impregnation process. Experimental results and density functional theory (DFT) calculations indicate that
the introduction of Si not only induces a dual-mechanism synergy in the OER pathway but also optimizes
the charge distribution of the catalyst, shifting the d-band center closer to the Fermi level. This enhances the
adsorption energy for intermediates, thereby effectively reducing the reaction energy barrier. Electrochemical
tests show that the Si-CoFe-LDH/Ni3S,/NF electrode exhibits a low overpotential of 235 mV at a current
density of 100 mA cm and maintains electrochemical stability for 200 h.

(2) To reduce anodic energy consumption, the feasibility of replacing the OER with the methanol
oxidation reaction (MOR) was explored. A self-supporting Co(OH)2/NF electrode was rapidly modified with
SiCls at room temperature, and its MOR performance and catalytic mechanism were systematically
investigated. Structural characterization and DFT calculations reveal that Si doping effectively modulates the
electronic structure of Co, induces lattice distortion, generates additional oxygen vacancies, and optimizes
the adsorption energy of reaction intermediates. Additionally, Si doping creates an interfacial
microenvironment characterized by micro-hydrophobicity and a locally high OH™ concentration, which

lowers the thermodynamic barrier for the MOR. Electrochemical tests demonstrate that the Si-Co(OH)./NF



electrode achieves a potential of 1.41 V vs. RHE at a current density of 100 mA cm™2 and operates stably for
over 90 h.

(3) To meet the demand for catalyst performance under high current densities in practical electrolysis
applications, the applicability of the Si doping strategy for the MOR under high current conditions was further
investigated. A Si-CuCo-LDH/NF electrode was prepared via a hydrothermal method combined with a room-
temperature impregnation process, and its structure and composition were systematically characterized.
Experimental results indicate that Si doping modulates the electronic structures of Co and Cu and establishes
a micro-hydrophobic, OH -rich interfacial microenvironment. DFT calculations confirm that Si doping
achieves a balance between the adsorption and desorption of reaction intermediates at the Co and Cu sites,
reducing the thermodynamic barrier for the MOR to 1.36 eV. Electrochemical tests show that the Si-CuCo-
LDH/NF electrode achieves a voltage of only 1.47 V vs. RHE at a high current density of 500 mA cm™,
maintains a Faraday efficiency above 90%, and exhibits exceptional stability for over 180 h.

Key words: Oxygen Evolution Reaction; Methanol Oxidation Reaction; Transition Metal Hydroxides;

Silicon doping.
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Figure 1-1: Schematic Diagram of the Future Development of Renewable Energy!™
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