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Theoretical Study on the Interaction of Metal Clusters with Hydrogen (Institute for Materials
Chemistry and Engineering, Kyushu University) O Yuta Yoshioka, Yuta Tsuji, Kazunari
Yoshizawa

There are a great variety of processes involving hydrogen in heterogeneous catalysis. For
example, hydrogen evolution, ammonia synthesis, and carbon dioxide reduction. Surface
processes in which hydrogen plays an important role include hydrogen adsorption/desorption,
hydrogen activation, and hydrogen spillover. In this study, the adsorption behavior of hydrogen
on the surface of metal clusters was systematically investigated using theoretical methods to
gain new insights into the interaction between hydrogen and metal clusters, which is
fundamental for the development of metal cluster-based catalysts.

First-principles calculations and particle swarm optimization were used to determine the
stable structures of the complexes of hydrogen with copper, iron, and nickel clusters and to
calculate the adsorption energies of hydrogen. The adsorption energy of hydrogen was found
to be less affected by the number of metal atoms in the nickel clusters, but more affected in the
copper and iron clusters. The charge of the hydrogen atom was found to be the most negative
when bound to the iron clusters, indicating that they are highly hydride like. On the other hand,
the hydride nature of the adsorbed hydrogen is weaker in the copper and nickel clusters. The
details of the calculation and analysis will be presented at the meeting.
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