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Abstract : Seawater-based anion exchange membrane water electrolysis (AEMWE) has attracted
significant attention because it suppresses chlorine oxidation reactions while enabling the use
of non-precious metal catalysts. In such systems, an atomistic understanding of the effects of
chloride ions on catalyst surfaces is crucial for elucidating the reaction selectivity of the oxygen
evolution reaction (OER). In this study, first-principles calculations were employed to investi-
gate the adsorption behavior of chloride ions on cobalt oxide catalyst surfaces and the resulting
changes in OER mechanisms. Density functional theory (DFT) was used to evaluate the adsorp-
tion characteristics of chloride ions and key OER intermediates (OH*, O*, and OOH*), as well
as the associated variations in free-energy profiles. To more realistically capture practical cat-
alytic conditions, thermodynamically stable oxygen vacancy structures were explored using an
AMP-based machine-learning interatomic potential combined with Monte Carlo simulations, and
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representative structures were subsequently validated through DFT calculations. Overall, this
study provides theoretical insights into the combined effects of chloride ions and oxygen vacan-
cies on OER behavior in chloride-containing environments and offers fundamental guidance for
the design of non-precious metal oxide catalysts for seawater electrolysis.

Keywords : Electrocatalysis, Anion Exchange Membrane Water Electrolysis, non-precious catalyst,
Oxygen Evolution Reaction, Density Functional Theory, Atomistic Machine-learning Package, Monte

Carlo Simulation
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Fig. 1. Comparison of ab initio and AMP-predicted energies for oxygen-vacancy structures. The left panel shows the per-
atom energy deviation, while the right panel presents a parity plot of total energies.
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