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Scope of Research

We are focusing on the precise synthesis of inorganic
nanoparticles by controlling the primary (size, shape, composi- \

tion, efc.) and secondary (spatial arrangement) structures to
tune properties such as electron confinement, carrier oscillation,
spin, and catalysis. These high-quality inorganic nanoparticles
are applied to both high-performance nanodevices (e.g., single
electron transistor, plasmon waveguide, and nanocomposite
magnet) and photo-energy conversion materials (e.g., overall
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Topics

Location-Selective Immobilization of
Single-Atom Catalysts on the Surface or
Within the Interior of Ionic Nanocrystals
Using Coordination Chemistry

Single-atom catalysts dispersed on support materials
show excellent heterogeneous catalytic properties that can
be tuned using the interactions between the single atoms
and the support. Such interactions depend on whether the
single atoms are located on the surface or within the interior
of the support. However, little is known about immobilis-
ing single atoms on the surface or within the interior of
supports deliberately and selectively. Herein, such location-
selective placement of single atoms is achieved through
the choice of metal complex precursor, solvent, and work-
up procedure. (Figure 1) Using CdSe nanoplatelets as a
support, a cis-[PtCl,(SO(CH,),),] precursor in an aprotic
solvent exclusively attaches single Pt atoms on the surface
of the support. In contrast, a [PtCl,],” precursor in a protic
solvent followed by amine treatment places 60% of the
single Pt atoms inside the support by cation substitution.
The surface-adsorbed single Pt atoms show higher stability
in photocatalytic hydrogen evolution than the substituted
ones, and the preclusion of substitution as internal Pt
maximises the activity. Thus, this study provides a viable
strategy for the structurally precise synthesis and design of
single-atom catalysts.

Photocatalytic
hydrogen evolution

Figure 1. Location-selective immobilization of Pt single atoms on the
surface or within the interior of CdSe nanocrystals and its effects on pho-
tocatalytic hydrogen evolution.

In interior

Control over Ligand-Exchange Positions of
Thiolate-Protected Gold Nanoclusters Using
Steric Repulsion of Protecting Ligands

Organic ligands on gold nanoclusters play important
roles in regulating the structures of gold cores. However,
the impact of the number and positions of the protecting
ligands on gold-core structures remains unclear. We isolated
thiolate-protected Au, cluster anions, [ Au,s(SC,Ph),,(Por),]”
and [Au,5(SC,Ph),4(Por),]— (SC,Ph = 2-phenylethanethiolate),
obtained by ligand exchange of [Au,s(SC,Ph),s]” with one
or two porphyrinthiolate (Por) ligands as mixtures of
regioisomers. (Figure 2) The ratio of two regioisomers in
[Au,5(SC,Ph),;(Por),]— as measured by 'H NMR spectros-
copy revealed that the selectivity could be controlled by
the steric hindrance of the incoming thiols. Extended X-ray
absorption fine structure studies of a series of porphyrin-
coordinated gold nanoclusters clarified that the Au,; icosa-
hedral core in the Au,s cluster was distorted through steric
repulsion between porphyrin thiolates and phenylethan-
ethiolates. This study reveals interesting insights into the
importance of the steric structures of protecting ligands for
control over core structures in gold nanoclusters.
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Control over regioselectivity by steric effect

Figure 2. Strategy for control over regioselectivity of [Au,sSR ] by ste-
ric effect.
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