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Ligand-protected metal nanoclusters with a specific number of atoms in the particle
(MpLy n=the number of metal atoms, typically <2 nm) possess fundamentally different
electronic and optical properties from those of larger crystalline nanoparticles (i.e.
nanocrystals). Gold thiolate nanoclusters Aun(SR)n, are of particular interest due to their
excellent chemical stability and elegant optical properties. However, synthesizing
Aun(SR), nanoclusters with atomic precision remains a major challenge, which
significantly hampers the pursuit of fundamental studies of this new type of material and
further development of their practical applications. In this talk, I will present our recent
progress in the synthesis and studies of properties of atomically precise Aun(SR)m
nanoclusters (n ranging from a few dozens to hundreds). Unlike crystalline Au
nanoparticles (typically > 2 nm)}—which are large enough to exhibit fcc crystallinity
(with translational symmetry), Aun(SR)n nanoclusters do not exhibit such an atomic
packing structure. Indeed, a new type of noncrystallographic atomic packing mode has
been discovered in our recent X-ray crystallographic work on Auys(SR)15 and Ausg(SR)24
nanoclusters. DFT calculations, coupled with experiments, have revealed quantized
electronic structure and intrinsic magnetism in such nanoclusters. These nanoclusters also
have been demonstrated to be excellent catalysts for selective oxidation and
hydrogenation processes. Correlation of Aun(SR)y, crystal structure and catalytic
properties may eventually provide a fundamental understanding of gold catalysis.
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