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Proton exchange membrane-based direct methanol fuel cells (DMFCs) are attractive candidates for portable and mobile energy applications due to their high theoretical energy density, low operating temperature, rapid start-up capability, and compatibility with existing liquid-fuel infrastructure. However, their large-scale application is significantly hindered by the prohibitive cost and scarcity of platinum-based catalysts. The development of efficient and cost-effective non-precious metal catalysts, particularly nickel-based systems operating in alkaline media, is therefore of great importance for sustainable energy conversion.

Herein, we report a facile solvothermal synthesis of nitrogen-doped porous carbon-supported nickel catalysts (Ni-NPC), using nickel salts and D-glucose as metal and carbon precursors, respectively, with urea as the nitrogen source, followed by KOH activation. Two catalyst variants were prepared by employing different solvent environments: ethanol-derived Ni-NPC-E (ε = 24.3) and water-derived Ni-NPC-W (ε = 80.4). Electrochemical evaluation for the methanol oxidation reaction (MOR) shows that Ni-NPC-E delivers a current density of 73 mA cm–2, representing more than a five-fold enhancement compared to Ni-NPC-W (6 mA cm–2).

The superior performance of Ni-NPC-E is attributed to the lower dielectric constant of ethanol, which reduces Ni²⁺ solvation, enhances metal precursor coordination, and promotes the formation of well-dispersed nickel nanoparticles with strong Ni–N–C interfacial interactions. This controlled microenvironment is proposed to facilitate more favorable active site formation and improved charge transfer kinetics. This work identifies solvent dielectric constant as an underexplored but critical parameter in solvothermal electrocatalyst synthesis and provides a scalable strategy for designing high-performance, cost-effective non-noble metal catalysts for methanol oxidation.
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