Accelerated Simulations of NiOOH/LDH Electrocatalysts for Alkaline Electrochemical Technologies Using Machine Learning Interatomic Potentials
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Machine learning interatomic potentials (MLIPs) are transforming atomistic simulations by enabling large-scale molecular dynamics (MD) with near-DFT accuracy at a fraction of the computational cost. In alkaline water electrolysis, the oxygen evolution reaction (OER) remains a critical performance bottleneck due to its complex four-electron transfer mechanism and the limited availability of efficient catalyst materials. Earth-abundant NiOOH-based catalysts have emerged as promising alternatives, yet fundamental questions remain regarding oxidation states, active sites, and the influence of dopants and explicit interfacial water. We employ the DeePMD neural network framework to develop a DFT-accurate MLIP trained on state-of-the-art first-principles data, enabling realistic simulations of OER kinetics at NiOOH/layered double hydroxide (LDH) interfaces under aqueous conditions. We will present our first simulations of OER on Fe-, Co-, and Mn-doped NiOOH surfaces. Ultimately, this work aims to combine MLIP with well-tempered metadynamics to map the complete OER free-energy landscape, reveal reaction kinetics, and uncover competing catalytic pathways that govern performance.





