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Annual Research Highlights

(1) “Hierarchy of Bond Stiffnesses within Icosahedral-
based Gold Clusters Protected by Thiolates”

We elucidate the hierarchy in the bond stiffness in
thiolate-protected, icosahedral-based gold clusters, e.g.
AU25(PET)18 (PET = SC2H4Ph). The Au—Au bonds have
different stiffnesses depending on their lengths. The long
Au-Au bonds, which are more flexible than those in the
bulk metal, are located at the icosahedral-based gold core
surface. The short Au-Au bonds, which are stiffer than
those in the bulk metal, are mainly distributed along the
radial direction and form a cyclic structural backbone
with the rigid Au-SR oligomers.

Fig. 1 Cyclic structures of stiff Au—Au (red) and Au-S (green)
bonds in Au144(PET)so.
1.(1)-1) Nature Commun., 7, 10414 (2016).

(2) “Amplification of Optical Activity of Gold Clusters
by the Proximity of BINAP”

We studied the correlation between the optical activity
and geometrical structures of two types of Au clusters that
were protected by chiral diphosphines:
[AUll(R/S-D|OP)4C|2]+ (D|OP =
1,4-bis(diphenylphosphino)-2,3-o-isopropylidene-2,3-but
anediol) and [Aus(R/S-BINAP);(PPhs).]** (BINAP =
2,2’-bis(diphenylphosphino)-1,1’-binaphthyl). The Aus
cluster showed stronger rotatory strengths than the Aua; in
the visible region, although its Au core is less chiral than
Aup. We propose that the optical activity in the Au
core-based transition due to the deformed core is further
amplified by chiral arrangement of the binaphthyl moiety
near the Au core.

Fig. 2 Au clusters protected by chiral diphospines showed
strong rotatory strengths in the visible region.
1.(2)-2) J. Phys. Chem. Lett., 7, 4509-4513 (2016).

(3) “Repeated Appearance and Disappearance of
Localized Surface Plasmon Resonance in 1.2 nm
Gold Clusters Induced by Adsorption and
Desorption of Hydrogen Atoms”

Addition of an aqueous solution of NaBH4 to a
dispersion of small (~1.2 nm) gold clusters stabilized by
poly(N-vinyl-2-pyrrolidone)  (Au:PVP) induced a
localized surface plasmon resonance (LSPR) absorption
for a certain period while maintaining the cluster size.
The duration of the LSPR band could be controlled by the
concentration of NaBHs and dissolved O, showing
repeated reappearance of the LSPR band, which is
explained by the electron donation to the Au core from
the adsorbed H atoms, and the removal of H atoms by
their reaction with O».
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Fig. 3 LSPR of Au:PVP appeared and reappeared repeatedly by
tuning H atom adsorption from the reactions with NaBH4 and
0a.

1.(1)-4) Nanoscale, 8, 2544-2547 (2016).

(4) “Oxidative Addition of CHsl to Au™ in the Gas
Phase”

Reaction of Au~ with CH3l formed a AuCHsl~ adduct,
in which it is revealed that the | and CHs groups are
bonded to Au in a linear configuration by photoelectron
spectroscopy and density functional theory calculations. It
can be viewed as an oxidative addition product.
Theoretical studies indicate that oxidative addition
proceeds in two steps: nucleophilic attack of Au~ on CHjl,
followed by migration of the leaving I- to Au. We
propose that Auls~ is formed via sequential oxidative
addition of two CHsl molecules to Au- followed by
reductive elimination of C;He. The results suggest that
Au~ acts as a nucleophile to activate C(sp®)-I bond of
CHjsl and induces the C—C coupling reaction of CHsl.
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Fig. 4 Oxidative addition of CHsl to Au~ by Sn2 displacement
reaction followed by migration.
1.(2)-5) J. Phys. Chem. A, 120, 957-963 (2016).
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