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Annual Research Highlights

(1) “Slow-reduction synthesis of a thiolate-protected
one-dimensional gold cluster showing an intense
near-infrared absorption”

Slow reduction of Au ions in the presence of
4-(2-mercaptoethyl)benzoic  acid (4-MEBA) gave
Auzg(4-MEBA)4s clusters that exhibited a strong NIR
absorption band at 1340 nm. Powder X-ray diffraction
studies indicated that the Au core has a one-dimensional
fcc structure that is elongated along the {100} direction.

Fig. 1 Structure model, and UV-vis-NIR

XRD pattern,
absorption spectra of the Auze(4-MEBA)a4 cluster.
1.(1)-1) J. Am. Chem. Soc., 137, 70277030 (2015).

(2) “A critical size for emergence of nonbulk electronic
and geometric structures in
dodecanethiolate-protected Au clusters”

To elucidate the transition from the bulk structure to
the cluster-specific structure, we isolated a series of
n-dodecanethiolate-protected gold clusters, Aun(SC12)n
in 38 < n < ~520. It is revealed that the Au cores of
Aun(SC12)y, with n < 144 have molecular-like electronic
structures and non-fcc geometric structures, whereas the
structures of the Au cores of larger clusters resemble
those of the bulk gold. A new structural model is
proposed for Aui4(SC12)45 based on combined approach
between experiments and DFT calculations.

Number of Au atoms n Au {SC12)_ clusters (n)
25 38 104 130 144 187 ~226 329 ~520
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Fig. 2 Transition of structural pattern of Aun(SC12)m depending
on their size, n.
1.(1)-2) J. Am. Chem. Soc., 137, 1026-1212 (2015).

(3) “Synthesis and catalytic application of Aga

clusters supported on mesoporous carbon”

Sulfur-free Agas clusters were successfully produced
by calcination of 4-(fluorophenyl)thiolate-protected Agas
clusters, [Agas(SCsH4F)30]* at 300 °C. The Agas clusters
supported mesoporous carbon (MPC) produced one
equivalent of H, from ammonia-borane (NH3BHs3), but
only in the presence of O Given that nanoparticles of
other metals (Pt, Pd, Rh, Ni, or Ru) produced three
equivalents of Hy under an inert atmosphere, this result
indicates that dehydrogenation of NH3BHj3 catalyzed by
Ag:4/MPC proceeds by a different mechanism from that
on other nanoparticles.
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Fig. 3 Schematic pictures of catalytic conversion of NH3BHz3
with a Agas cluster and a Pt particle.
1.(2)-3) J. Phys. Chem. C, 119, 27483-27488 (2015).

(4) “Density functional theory study on stabilization of
Alys superatom by PVP”

The sequential bonding of N-ethyl-2-pyrrolidone (EP),
a monomer unit of poly(vinylpyrrolidone) (PVP), to an
open-shell superatom Alis was studied. The first three EP
ligands chemisorbed on Alis core, while the fourth one
was electrostatically bound to one of the chemisorbed EP
ligands. This behavior suggests that the maximum
number of chemisorbed EP is determined not only by the
steric repulsion between adjacent PVP but also by the
electronic charge accumulated on the Alyz core. Although
gross Mulliken charge reaches nearly —1 e in Alis(EP)s
through polarized Al-O bonding, the Alz core stabilized
by PVP remains to be an open-shell superatom.
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Fig. 4 Stabilization of open-shell superatom, Aliz by electron

addition and coordination of EP ligands.
1.(1)-4) J. Phys. Chem. C, 119, 10904-10909 (2015).
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