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Annual Research Highlights

Q) “N-heterocyclic carbene-functionalized
magic-number gold nanoclusters”

Here, we report a previously unknown ligand for
gold(0) nanoclusters—N-heterocyclic carbenes (NHCs)—
which impart high stability to the corresponding gold
cluster. The addition of a single NHC to gold nanoclusters
results in significantly improved stability and catalytic
properties in the electrocatalytic reduction of CO,. By
varying the conditions, nature and number of equivalents
of the NHC, predominantly or exclusively
monosubstituted NHC-functionalized clusters result.

NHC - stabilized Au Nanoclusters

Fig. 1 Highly stable NHC-functionalized Au clusters with
improved stability and electrocatalytic reduction of COs..
1.(1)-1) Nature Chem., 11, 419-425 (2019).

(2) “Efficient and Selective Conversion of
Phosphine-Protected (MAug)>* (M = Pd, Pt)
Superatoms to Thiolate-Protected (MAu1)®* or
Alkynyl-Protected (MAuw)** Superatoms via
Hydride Doping”

An efficient and selective method was developed for
the synthesis of bimetallic clusters, MAuz2sL1s (M = Pd or
Pt; L = thiolates or alkynyls), by the reaction of Au(l)L
oligomers  with  quasi-spherical [HMAug(PPh3)s]*
superatoms activated by hydride doping. This hydride-
mediated conversion produced the novel cluster
[PdAuU23(ScCeH11)17]° with a flattened (Pd@Au12)®* core,
and the new alkynyl-protected clusters
[MAU24(CECAI'F)18]2_ (ATF = 3,5- (CF3)2C6H3) with an
icosahedral (M@Au12)** core. This simple and versatile
bottom-up approach will provide an opportunity to
synthesize a variety of superatoms on a large scale for the
promotion of materials science based on superatoms.

N L
_o'-_;g@
e
" g i +* '\‘g/."
» o Ed

Au:SR complexes Growth @AUu24(SR)18

Au:C=CR complexes
.

-2
._{
o

@Au8(PPh3)8 >
@Au24(C=CR)18

Fig. 2 Hydride-mediated conversion to bimetallic MAuz4L 1s.
1.(2)-2) J. Am. Chem. Soc., 141, 15994-16002 (2019).

(3) “Elucidating the Doping Effect on the Electronic
Structure of Thiolate-Protected Silver Superatoms
by Photoelectron Spectroscopy”

Gas-phase photoelectron spectroscopy (PES) was
conducted on [XAg24(SPhMe2)1s]” (X = Ag, Au) and
[YAg24(SPhMey)15]* (Y = Pd, Pt) with a icosahedral
superatomic cores, (X@Ag12)*" and (Y@Ag:2)*". PES
results show that superatomic orbitals in the (Y @Ag12)*
core shift up in energy. The remarkable doping effect of a
single Y atom (Y = Pd, Pt) on the electronic structure was
theoretically explained as 1) the weaker binding of
valence electrons in Y@(Ag®):2 due to the reduction in
formal charge of the core, and 2) the upward shift of the
orbitals by repulsive Coulomb barrier (RCB).
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Fig. 3 Shift of energy levels in (X@Ag12)*>" and (Y @Ag12)**
cores due to the charge reduction and RCB.
1.(1)-5) Angew. Chem., Int. Ed., 58, 11637-11641 (2019).
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(4) “Structural Evolution of Iridium Oxide Cluster
Anions IrnOm™ (n = 5-8) with Sequential Oxidation:
Binding Mode of O Atoms and Ir Framework”

Geometric structures of small cluster anions of iridium
oxide IrnOm~ (n = 5-8, m = 0-14) were investigated by ion
mobility mass spectrometry and theoretical calculation to
clarify the evolutional behavior of the binding modes of
the O atoms and the Ir frameworks as a function of m. For
n = 8, the O atoms are sequentially bonded to terminal
sites of the cubic and deformed Irg frameworks for m =
1-6 and m = 7-11, respectively. At m > 11, Ir—Ir bonds in
the Ir framework were broken.
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Fig. 4 Structural evolution of IrOm~ (n = 5-8, m = 0-14).
1.(1)-8) J. Phys. Chem. C, 123, 15301-15306 (2019).
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