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Quantum shell structure in metal clusters

This talk concerns the properties and significance of shell structures, particularly
in metal clusters. We shall start by considering the general phenomenon of shell
structures.

Electrons on isolated atoms reside in distinct shells, each with different en-
ergy and maximal occupation. The occupations are 2, 10, 18 and so on. A
closely related set of “magic numbers” exists for protons and neutrons form-
ing the atomic nucleus. In either case the occupation of the outer shell largely
determines stability.

More recently, clusters of atoms have been observed[1] to exhibit similar
sets of magic numbers. This behaviour can be observed even for clusters larger
than a thousand atoms. Semiclassical theory[2] predicts electronic trajectories
reminiscent of those in the Bohr atomic model, but with polygonal shapes. It
turns out that the properties of these trajectories explain the observed shell
structure and corresponding magic numbers. Depending on the cluster size, the
phenomenon can have profound effects on catalytic properties, the exploration
of which is an ongoing project.
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