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Annual Research Highlights

(1) “Critical Role of CFs Groups in the Electronic
Stabilization of [PdAu2(C = CeHs(CFs)2)18]>” as
Revealed by Gas-Phase Anion Photoelectron
Spectroscopy”

The role of alkynyl ligands with CF; group in the
stability of metal clusters was investigated by gas-phase
anion photoelectron spectroscopy (PES) on [PdAux(C=
CoH3(CF3)2)18-«(C=CPh)s]*. PES on the cluster anions
with specific x (= 0-6) revealed that electron binding
energies decreased linearly with x, indicating the CF3
substituents on the alkynyl ligand played a critical role in
the electronic stabilization of the cluster.
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Fig. 1 Linear change of electron binding energies by replacing
the alkynyl ligands with CFs group to those without CFs
observed by gas-phase anion photoelectron spectroscopy.
1.(1)-2) J. Phys. Chem. Lett. 12, 10417-10421 (2021).

(2) “Photoluminescence of Doped Superatoms
M@Auz2 (M = Ru, Rh, Ir) Homoleptically Capped
by (Ph2)PCH2P(Ph2): Efficient Room-Temperature
Phosphorescence from Ru@Auz2”

A series of doped gold superatoms M@Au:, (M = Ru,
Rh, Ir) was synthesized by capping with the bidentate
ligand (Ph2)PCH,P(Ph;). The Ru@Aui; exhibited a
room-temperature phosphorescence with the highest
quantum yield of 0.37 in deaerated dichloromethane.
Density functional theory calculations suggested that the
phosphorescence is ascribed to a rapid intersystem
crossing due to the similarity between the singlet and
triplet excited states in terms of structure and energy.

Fig. 2 Efficient phosphorescence from Ru@Aui2 homoleptically
capped by (Ph2)PCH2P(Phy).
1.(2)-7) J. Am. Chem. Soc., 143, 10560-10564 (2021).

(3) “New Magic Auzs Cluster Stabilized by PVP:
Selective Formation, Atomic Structure, and
Oxidation Catalysis”

AuxCly (x = 0-3), was selectively synthesized by the
kinetically controlled reduction in a microfluidic mixer in
the presence of poly(N-vinyl-2-pyrrolidone) (PVP). The
atomic structure of the PVP-stabilized AuxCly was
investigated by aberration-corrected transmission electron
microscopy and density functional theory calculations.
The Au24Clx:PVP clusters catalyzed the aerobic oxidation
of benzyl alcohol derivatives.
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Fig. 3 Selective synthesis of new magic Auzs cluster stabilized
by PVP with structures observed in ACTEM video imaging.
1.(1)-10) JACS Au, 1, 660-668 (2021).

(4) “Controlled Dimerization and Bonding Scheme of
Icosahedral M@Aui2 (M = Pd, Pt) Superatoms”

Targeted syntheses of MM'Auss(PET)24 (M, M'=Pd, Pt;
PET=SC;H4Ph) were achieved by hydride-mediated
fusion  reactions between [MAus(PPhs)s]>* and
[M’'Au24(PET)1s]". Despite small number of valence
electrons (12 e) of MM'Auys, the distances between the
icosahedrons were larger than that in the bi-icosahedral
Auys core of Auss(PET)2s (14 e). These counterintuitive
results were explained by a “bent bonding model” based
on tilted bonding interaction between the 1P superatomic

a)Auy, superatoms.

Fig. 4 Superatomic molecules MM'Au21 (M, M'=Pd, Pt) with
biicosahedral motifs synthesized by hydride-mediated fusion
reactions of superatoms.

1.(1)-14) Angew. Chem. Int. Ed., 60, 645-649 (2021).
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