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Annual Research Highlights

(1) “Synergistic Effects of Pt and Cd Codoping to
Icosahedral Auis Superatoms”

We synthesized a new trimetallic  cluster
[PtCdAuU23(SCzH4Ph)1s]", which has an icosahedral
Pt@CdAu1; superatomic core with 8e, and investigated
codoping effect of group X and XII atoms. It is
experimentally shown that the HOMO-LUMO gap is
increased mainly due to Pt doping, while the
photoluminescence  quantum  yield (PLQY) is
synergistically enhanced by the doping of Pt and Cd.
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Fig. 1 Synergistical enhancement of PLQY by codoping of Pt
and Cd atoms in Pt@CdAuu superatomic core.
1.(2)-1) J. Phys. Chem. C, 124, 23923-23929 (2020).
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(2) <“Electron Binding in a Superatom with a
Repulsive Coulomb Barrier: The Case of
[Agas(SCsHsF2)30]* in the Gas Phase”

The electron binding mechanism in chemically
synthesized [Agas(SCeHsF2)30]* (SCsH3F2 = 3,4-difluoro-
benzenethiolate) was studied by gas phase photoelectron
spectroscopy (PES). PES features negative adiabatic
electron affinity (AEA) and a repulsive Coulomb barrier
(RCB, 2.7 eV), showing that [Aga(SCeHsF2)s0]* is
energetically metastable with respect to electron
autodetachment.  However, it is revealed that
[Agas(SCeHsF2)30]* does not release an electron upon
collisional excitation. DFT computations confirmed the
negative AEA of [Agas(SCsHsF2)30]* and interpreted the
PE spectrum by taking into account tunneling electron
photodetachment through the RCB.
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Fig. 2 Negative AEA and RCB of [Agas(SCsH3F2)30]* and the
calculated potential.
1.(1)-2) J. Phys. Chem. Lett., 11, 3069-3074 (2020).

(3) “Sequential Growth of Iridium Cluster Anions
Based on Simple Cubic Packing”

Geometric structures of iridium cluster anions, Ir,™ (n =
3-15) were examined by ion mobility mass spectrometry,
photoelectron spectroscopy, and DFT calculation. It is
revealed that Ir,~ with n > 5 favor taking a cubic motif in
contrast to the fcc structures in the corresponding
nanoparticles and bulk. A growth sequence of Ir,~ for n =
5-15 is proposed: Ir atoms are sequentially attached to
one side of the square plane of Irs~ to form a cubic Irg,
and are then continuously attached on one of the square
facets of Irg” for n = 9-12 and Iry2~ for n = 13-15.

Fig. 3 Structural transition of Irn~ (n = 5-14) measured by ion

mobility mass spectrometry.

1.(1)-5) Phys. Chem. Chem. Phys. 22, 17842-17846
(2020).

(4) <“Electron-Rich Gold Clusters Stabilized by
Polyvinylpyridines as Robust and Active Oxidation
Catalysts”

We here introduced poly(n-vinylpyridine) (PnVP, n = 2,
4) as an electron-donating stabilizer for small (<2 nm) Au
clusters and elucidated how coordinating pyridines affect
the physical, optical, chemical, and catalytic properties of
Au clusters. Spectroscopic measurements and theoretical
calculation suggested that PnVP-stabilized Au clusters
improved robustness in aerobic oxidation of alcohols
compared to poly(N-vinyl-2-pyrrolidone)-stabilized ones,
while retaining catalytic activities.

Fig. 4 PnVP-stabilized Au clusters show improved robustness in
aerobic oxidation of alcohols retaining catalytic activities.
1.(1)-6) Langmuir, 36, 7844-7849 (2020).
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