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In this research project, by using multi-scale simulation techniques that

combine large-scale first-principles electronic structure calculation methods, a kinetic Monte Carlo
(kMC) method, a molecular dynamics method based on machine learning inter-atomic potentials,

Bayesian optimization methods, and evolutionary algorithms, we succeeded in simulating the
fluctuations of steps on Cu surfaces, the formation process of CuZn surface alloys, and the
formation process of Cu clusters on Cu surfaces in a CO gas atmosphere, as well as the structural
changes due to temperature and atmospheric gases in Pd clusters supported on oxides, which are
important in methanol synthesis catalysts and automobile exhaust catalysts. Through these
simulations, we clarified the physical factors behind these phenomena. These results are the
beginning of elucidating the complex reaction mechanisms of real catalysts through multi-scale
simulations.
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