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Abstract: High-entropy materials (HEMs), composed of multiple principal elements, offer
transformative potential in catalyst design by leveraging their configurational entropy and cocktail
effects. Among these, amorphous HEMs have emerged as particularly promising due to their ability to
accommodate diverse elemental mixtures and create highly active, non-equilibrium sites. Recently,
surface reconstruction and amorphization have been shown to significantly enhance catalytic
performance, particularly for the oxygen evolution reaction. However, searching amorphous materials
via random site occupancy is an NP-hard problem and introduces significant challenges in predicting
their structures. Strong lattice distortions, arising from structural inhomogeneity and compositional
complexity, lead to vast and rugged potential energy landscapes that are difficult to explore with
traditional modeling approaches. Capturing the interplay between short-range order (SRO), stability,
and catalytic activity in such systems requires advanced methodologies.

This talk presents a physics-guided generative modeling framework for predicting the structure of
amorphous high-entropy materials. By incorporating SRO descriptors, our approach integrates
density functional theory, machine learning interatomic potentials, and particle swarm optimization to
navigate these complex energy landscapes and address the challenges of lattice distortions. This
methodology not only accelerates the exploration of compositional spaces but also provides critical
insights into the atomic-scale mechanisms that underpin the catalytic superiority of amorphous HEMs,
paving the way for next-generation catalyst development in sustainable energy technologies.
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