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Annual Research Highlights

(1) “Photoassisted homocoupling of methyl iodide
mediated by atomic gold in low-temperature neon
matrix”

Infrared spectroscopy and density functional theory
calculations showed that [CH3;—Au-I] and [(CH3)—Au-I2]
are formed in a solid neon matrix via reactions between
laser-ablated Au atoms and CHsl. Global reaction route
mapping calculations revealed that the heights of the
activation barriers for the sequential oxidative additions
to produce [CHs—Au-I] and [(CH3)>—Au—I>] are 0.53 and
1.00 eV, respectively. The reductive elimination of ethane
(C:Hs) from [(CH3)—Au-L] leaving Aul> was hindered
by an activation barrier as high as 1.22 eV but was
induced by visible-light irradiation on [(CH3)—Au-I2].
These  results demonstrate  that  photoassisted
homocoupling of CHsl is mediated by Au atoms via
[(CH3)2-Au-I2] as an intermediate.
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Fig. 1 Photoassisted homocoupling of CH3I on Au atom.
1.(1)-3) J. Phys. Chem. A, 121, 8408 (2017).

(2) “Anion photoelectron
[Auzs(SC12H2s)18] ™

Here, we report the photoelectron spectrum of a
representative thiolated gold cluster [Au2s(SCi2Hzs)1s]”
isolated under vacuum for the first time. The spectrum
exhibits two distinct peaks, corresponding to electron
detachment from the superatomic 1P orbitals and Au 5d
orbitals of the Auis core. The adiabatic electron affinity of
[Au25(SCi2Ha25)18]° was experimentally determined to be
2.2 eV, which is significantly smaller than that of
[Au25(SCH3)15]° predicted theoretically.
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Fig. 2 Photoelectron spectrum of [Auas(SCi2Has)1s] ™
1.(1)-4) Nanoscale, 9, 13409 (2017).

(3) “Lewis base catalytic properties of [Nb10O2s]® for
CO: fixation to epoxide: kinetic and theoretical
studies”

The decaniobate cluster (TBA)s[Nb10O2s]
(TBA =tetrabutylammonium cation) acted as a Lewis
base catalyst for fixation of COz to styrene oxide (SO). A
kinetic study showed that the cycloaddition of CO2
adsorbed on [NbioO2]®" with SO corresponds to the
rate-determining step in the Eley-Rideal mechanism.
Theoretical calculation predicted that CO2 on the corner
and edge O atoms of [Nbi10O2s]®" is negatively charged

and thus activated for nucleophilic attack on SO.
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Fig. 3 CO, fixation catalyzed by [NbioO23]°".
1.(1)-6) Chem. Asian J., 12, 1635-1640 (2017).

(4) “Hydrogen-mediated electron doping of gold
clusters as revealed by in situ X-ray and UV-vis
absorption spectroscopy”

We previously reported that small (~1.2 nm) gold
clusters  stabilized by poly(N-vinyl-2-pyrrolidone)
(Au:PVP) exhibited a localized surface plasmon
resonance (LSPR) band at ~520 nm in the presence of
NaBHas. To reveal the mechanism of this phenomenon,
the electronic structure of Au:PVP during the reaction
with NaBH4 in air was examined by means of in situ
X-ray absorption spectroscopy at Au Ls-edge and UV—vis
spectroscopy. These measurements indicated that the
appearance of the LSPR band is not associated with the
growth in size but is ascribed to electron doping to the Au
sp band by the adsorbed H atoms.
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Fig. 4 Emergence of LSPR band in Au:PVP by the interaction
with hydrides.
1.(1)-10) J. Phys. Chem. Lett., 8, 2368 (2017).
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