Influence of Synthesis Route and Metallic Content on the Electrocatalytic Oxygen Evolution of Biomass-Derived Carbon Supported Ni-Co Catalysts via In Situ Raman Spectroscopy.
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As global energy demands intensify, water electrolysis represents a promising route to sustainable hydrogen production. However, the process is kinetically limited by the Oxygen Evolution Reaction (OER), whose complex four-electron transfer mechanism generates high thermodynamic barriers and significant overpotentials [1]. Developing earth-abundant, durable, and cost-effective electrocatalysts capable of sustaining high anodic potentials while minimizing energy losses is therefore a critical challenge.
Transition metal oxides have emerged as competitive alternatives to noble-metal catalysts, owing to their natural abundance and tunable electronic structure. Among them, nickel-cobalt bimetallic systems are particularly attractive for alkaline OER, combining exceptional catalytic efficiency, structural versatility, and scalable synthesis [2]. Biomass-derived carbons further complement these systems as electrode supports, offering environmental compatibility, hierarchical porosity, and inherent structural stability [3].
Despite growing interest in NiCo species supported on carbonaceous matrices, systematic investigations into the influence of metallic composition and synthesis parameters on catalyst architecture remain scarce. This work addresses this gap through a comprehensive study of biomass-derived NiCo/C catalysts, synthesizing materials via hydrothermal pretreatment combined with calcination in metal-containing solutions, and characterizing them, by BET, SEM-EDX, XRD, XPS, and operando Raman spectroscopy.
Results demonstrate that hydrothermal treatment yields a higher carbon content and promotes the incorporation of metallic sites within a hierarchical granular structure, directly enhancing catalytic activity relative to direct calcination. Operando Raman spectroscopy reveals that the precatalyst structure varies markedly across samples from amorphous oxyhydroxide and crystalline hydroxide phases to spinel-type oxides of differing crystallinity depending on the biomass treatment conditions. Under anodic polarization, all catalysts undergo potential-driven surface reconstruction toward a bimetallic NiCoOOH active phase, evidenced by the emergence of the γ-NiOOH doublet at 460 and 550 cm⁻¹ and the CoOOH A₁g mode at 600 cm⁻¹, with onset potentials spanning 1.1 to 1.4 V vs. RHE. These findings establish a direct link between biomass treatment conditions, precatalyst structure, and OER reconstruction kinetics, offering rational design principles for next-generation biomass-derived electrocatalysts for sustainable hydrogen production.
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