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Abstract of Thesis

The intrinsic HER activity of most carbon-based catalysts remains significantly lower than that of platinum. To
address this limitation, two main strategies have been explored in this essay: morphological engineering and
electronic structure modulation. Structural designing aims to increase the density and accessibility of active sites,
thereby enhancing the number of reactions per unit time. Electronic regulation, on the other hand, focuses on
optimizing the intrinsic activity of active sites by tuning their electronic properties, improving intermediate
adsorption energies, and thus lowering kinetic barriers. Specifically, I have synthesized transition-metal/hetero-
atom-doped carbon and metal-free carbon with special morphology for HER.

Chapters 3 to 5 developed morphological control strategies for synthesizing transition metal-based carbon
materials, aiming at limiting the migration kinetics of metal species at high temperatures. In Chapter 3, carbon
coating and alloy reduction modification were simultaneously applied to layered double hydroxide (LDH) materials
through chemical vapor deposition (CVD), which significantly improves the conductivity of the catalysts.
Meanwhile, the layered structural characteristics of LDHs precursors are able to be preserved. In addition, the
chemical etching effect of different molybdenum source reagents on LDHs precursors was systematically studied. In
Chapter 4, the chelation effect of phytic acid on transition metal elements was used to effectively limit the agg regation
of CoP particles in the product. The size of CoP particles in the prepared product is only 25 nm, demonstrating
excellent HER activity. In Chapter 5, CoP nanoparticles with an average particle size of 19nm were successfully
anchored on a carbon substrate through the spatial confinement effect of ion exchange resin and the molecular
bridging effect of phytic acid. This catalyst exhibits comparable performance to Pt-based catalysts, while significantly
reducing preparation costs. In addition, I studied the migration mechanism of S atoms after the decomposition of
sulfonic acid groups and explored the feasibility of using SO:2 as a doping sulfur source.

In Chapters 6 and 7, ultra-thin carbon nanosheets with high specific surface area were developed. I studied the
synergistic enhancement mechanism of N and P dual-doped systems. In Chapter 6, ultra-thin N,P co-doped carbon
nanosheets were synthesized by precisely adjusting the precursor concentration and utilizing the self-activation effect
of phytic acid to enhance the exposure of active sites. Subsequently, the precursor ratio and carbonization
temperature were further optimized to obtain products with customized N and P doping types and content gradients.
Through DFT calculations, the synergistic doping mechanism was elucidated, and a model of CsPO and N dopants
was constructed for the first time. In Chapter 7, I studied the influence of precursor types on N and P dopants in
the final product. The conjugation between imidazole ring and phytic acid was utilized to increase the content of
graphite N in the product. In addition, by protonating the imidazole ring with phosphate groups, the content of
CsPO structure in the product was increased. The prepared catalyst exhibits excellent HER activity.
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