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Supported gold cluster catalysts whose size is controlled with atomic precision can be synthesized
using ligand-protected gold clusters. It is desirable to develop the removal method of the |igands from
the |igand-protected gold clusters because of the difficulty in the removal of ligands without
aggregation of gold clusters. In this study, the properties of the ligand-gold cluster interface of
the ligand-protected gold clusters were studied to develop the ligand removal methods.

The vibrational properties of ligand(thiolate)-protected gold clusters (Auy(SR) s, Ausg(SR),,,
Au,,, (SR) o) were studied by X-ray absorption spectroscopy using high-intensity X-ray at SPring-8. It
was first demonstrated that the thiolate—-protected gold clusters have hierarchical bond stiffnesses.
The icosahedral gold clusters have two types of gold-gold bonds with different bond length and the short
bonds were stiffer than those of bulk gold metal. In addition, the stiff gold-gold and gold-thiolate
bonds form the rigid ring structures in the thiolate—protected gold clusters (Fig. 1). The origin of
the high thermal stability of the thiolate-protected gold clusters is due to the formation of this rigid
ring structure. This result shows that the break of the gold-thiolate bonds by heating involves the
melting of gold cluster. Therefore, supports
with high specific surface area or Aus( SR)m Au3(8R)y, Auq4(SR)go

l[ow-temperature removal techniques are r 1 T—"_T

required to avoid the aggregation of the gold o

cluster. M f“"’\
The chemical methods (such as reduction or 1"“ /_j.

oxidation) were not suitable to remove the M \

clusters. However, it was found that porous J‘\V /\v>

carbon is suitable to remove the ligand

| i gand because of the aggregation of the gold
without aggregation in the heating method. Fig. 1 Rigidring structures formed by stiff gold-gold and gold-thiolate bonds




