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Annual Research Highlights

(1) “Hydride doping of
gold-based superatoms”

chemically modified

This account summarizes our recent studies on the
interaction of hydride with chemically-modified Au-based
superatoms. The results demonstrate that the hydride in
chemically-modified Au superatoms mimics the Au atom
in terms of electron count. The hydride-mediated growth
processes observed will contribute to the development of
an atomically-precise, bottom-up method of synthesizing
new artificial elements in a periodic table for nanoscale
materials.
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Fig. 1 Hydride-mediated processes on Au superatoms.

1.(2)-1) Acc. Chem. Res., 51, 3074(2018).

(2) “An Aus(SR)1s cluster with a face-centered cubic
core”

UV-vis spectroscopy, extended X-ray absorption fine
structure analysis and density functional theory
calculations revealed that Auws(SPG)is (PGSH =
N-(2-mercaptopropionyl)glycine) has a face-centered
cubic (FCC) Au core in contrast to an icosahedral Auis
core in typical Auzs(SR)1s. We proposed a model structure
in which an FCC Auis(SPG)4 core is protected by two
types of oligomers Aux(SPG); and Aus(SPG)s. The
formation of an FCC-based Au core is attributed to
bulkiness around the a-carbon of the PGS ligand.
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Fig. 2 Structure isomers of Auys(SR)s depending on R.
1.(1)-8) J. Phys. Chem. C, 122, 13199-13204 (2018).

(3) “Prominent hydrogenation catalysis of a
PVP-stabilized Auszs superatom provided by
doping a single Rh atom”

A single rhodium atom was precisely doped into Aus4
stabilized by poly(N-vinyl-2-pyrrolidone) (Au:PVP) as
revealed by mass spectrometry. The Rh-atom-doped
Au:PVP exhibited remarkable -catalytic activity for
hydrogenation reactions of olefins, much higher than that
of recently reported Pd-atom-doped Au:PVP.

RN Y RN

Inactive for

hydrogenation H, / W\
LEee P % AN
ELIS, L IS,
SO S T
<X 4’ 25 o
Aug, Au33 AuuRh1

Fig. 3 RhAus4 clusters show high hydrogenation catalysis.
1.(1)-10) Chem. Commun., 54, 5915 (2018).

(4) “Gold ultrathin nanorods”

We successfully synthesized gold ultrathin nanorods
(AuUNRs) with precisely controlled aspect ratios (ARs)
(diameter of < 2 nm; length in the range of 5-20 nm) and
surface modifications by OA or thiolates. Optical
extinction spectroscopy on these AuUNRs revealed a
single intense extinction band in the near IR region due to
the longitudinal LSPR. The LSPR bands were remarkably
redshifted as compared to those of conventional AuNRs
(diameter > 10 nm) with the same AR. This redshift was
ascribed to the increase in dielectric constant due to the
miniaturization of the diameter to below ~2 nm.
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Fig. 4 LSPR of AuUNRs.
1.(1)-11) J. Am. Chem. Soc., 140, 6640 (2018).

(5) “Collision-induced dissociation of [Auii(PPhs)sXz]*
(X = C1, C=CPh)”

Collision-induced dissociation (CID) of
[Au11(PPh3)sX2]" (X = Cl, C=CPh) produced fragment
ions [Aux(PPh3),X.]" with eight valence electrons via
sequential loss of PPh; ligands and AuX(PPhs;) units in a
competitive manner. This result indicates that the CID
channels are governed by the electronic stability of the

fragments.
1.(1)-9) ACS Omega, 3, 6237 (2018).
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