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Exploration and reactivity analysis of alloy catalyst using universal machine learning
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Applying materials informatics to catalysis often faces difficulty in revealing mechanisms
behind catalytic reactions. First-principles calculations, on the other hand, is restricted by high
computational cost. In this study, we employed a universal neural network potential to
accelerate data-curation, with the aim of searching for multi-element alloy catalysts though
data-driven approach and simultaneously clarify theoretical origin of reactivity. We explored
the RuRhPdIrPt alloys and in combination with Au, Ag, Sn, Ni, and Cu to find catalysts for
hydrogen evolution reaction. The adsorption energy distributions calculated for the
nanoparticle models that matches the experimental compositions are presented as histograms
(Fig. la), converted into a two-dimensional feature using t-SNE, and predicted the activity
using Gaussian process regression (Fig. 1b). As a result, it showed good accuracy as a two-
variable model, and we were able to narrow down the active adsorption sites.
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Fig. 1 (a) Example of the histogram of H adsorption energy of RuzsRhisPdilrisPtiss alloy. (b) Map of the
catalytic reactivity by turn over frequency (TOF) as a function of t-SNE features
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