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Abstract Due to the special optical, electronic properties, particular physical/chemical properties, thiolate
protected gold nanoclusters ( Au,, (SR),, in which m and n are the numbers of Au and SR) have potential
applications in nanocatalysis, biomedicine and optical devices. Two breakthroughs in Au,, ( SR), clusters are the
crystal structure determinations of Au,;, ( SR),, and Au,, (SR),~ clusters, which uncover the new Au-S
chemical bonding features as well as the new atomic packing structures in Au,, ( SR), clusters. In this paper,
major advances of the Au, (SR), clusters in the experimentally determined crystal structures are generalized.
This is followed by the introduction of the progresses in the experimentally synthesized Au, ( SR), clusters with
mass spectroscopy and the progresses made by the density functional theory predictions. We combine our study
subject to generalize superatom complex model, superatom-network model and super valence bond model which
are used to interpret the stability and chemical bonding patterns of Au, ( SR), clusters. Moreover, we take
several Au, (SR), clusters as examples to introduce the applications of the three models. Finally, we give future
outlook of the Au,, (SR), clusters.
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Fig.1 The single crystal structures of Au, (SR), structures: (a) Au,, (SR) ™™ (b) Auy (SR) PP, (¢) Aug
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Fig.2 Three-dimensional (3D) reconstruction of Aug NP

structure from electron micrographs, ( A) Representative
components of the reconstruction, (B to D) Electron density
map, blue mesh, (E) A cross section of the 3D
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