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原子の凝集を原子精度で制御するということ
地球を 1mとすると…

原子はパチンコ玉ぐらい

日本中にパチンコ玉をばらまいた後、
それらを全て同じ数でビー玉サイズに凝集させるようなものである！

分子研時代の代表的仕事
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Monolayer-protected clusters (MPCs), especially with subnanometer-sized metal cores,1-6 provide us good opportunities to
study evolution of electronic, optical, and chemical properties as a
function of a core size as well as to develop novel building blocks
for various nanoscale devices. To attain these ends, preparation of
MPCs with well-defined compositions is of primary importance.
Although one can control the average core size of the MPCs
prepared by the conventional chemical route based on nucleation
of zerovalent metal atoms in the presence of thiols,7 such a method
inevitably produces a distribution in the core sizes due to statistical
fluctuations in the nucleation process. Thus, development of sizeselection and characterization techniques with atomic resolution1a,b,8
is indispensable in achieving this formidable task. Recently, Whetten
and co-workers fractionated gold clusters protected by monolayers
of glutathione (GSH ) γ-Glu-Cys-Gly) by using polyacrylamide
gel electrophoresis (PAGE) and identified the most abundant species
as Au28(SG)16 by mass spectrometry.1a,b In the present study, we
extend mass spectrometric measurement to a wider range of PAGEseparated Au:SG clusters, demonstrating isolation of magicnumbered gold clusters: Au18(SG)11, Au21(SG)12, Au25(1(SG)14(1,
Au28(SG)16, Au32(SG)18, and Au39(SG)23. Optical measurements
illustrate that the electronic structures of these Au:SG clusters are
molecular-like and are heavily dependent on their compositions.
The Au:SG clusters were prepared by the Himeji group by
following the recipe reported previously.9 TEM observation of the
Au:SG clusters thus prepared revealed that their core sizes appear
to be ∼1 nm (Supporting Information, Figure S1). The crude sample
of the Au:SG clusters was further fractionated into six components
by a high-resolution PAGE (Supporting Information, Figure S2).1a,b
These fractions are referred to as 1-6 in order of their mobility
(Figure 1).
The chemical compositions of 1-6 were investigated by using
an electrospray ionization (ESI) mass spectrometer constructed at
IMS (Supporting Information, Figure S3). Figure 2 displays the
negative-ion ESI mass spectra of 1-6. Note that the extensive
fragmentation into low-mass ions such as (AuSG)42- and Au(SG)2reported previously1a,b is significantly suppressed under an optimized
condition for desolvation. Each spectrum is composed of a series
of multiply charged anions originated from deprotonation of the
carboxyl moieties of the GS ligands. The molecular weights
determined from the deconvoluted spectra (Figure 2) are well
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Figure 1. Appearance of gels containing fractionated clusters 1-6.
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Abstract: Small gold clusters (∼1 nm) protected by molecules of a tripeptide, glutathione (GSH), were
prepared by reductive decomposition of Au(I)-SG polymers at a low temperature and separated into a
number of fractions by polyacrylamide gel electrophoresis (PAGE). Chemical compositions of the fractionated
clusters determined previously by electrospray ionization (ESI) mass spectrometry (Negishi, Y. et al. J.
Am. Chem. Soc. 2004, 126, 6518) were reassessed by taking advantage of freshly prepared samples,
higher mass resolution, and more accurate mass calibration; the nine smallest components are reassigned
to Au10(SG)10, Au15(SG)13, Au18(SG)14, Au22(SG)16, Au22(SG)17, Au25(SG)18, Au29(SG)20, Au33(SG)22, and
Au39(SG)24. These assignments were further confirmed by measuring the mass spectra of the isolated
Au:S(h-G) clusters, where h-GSH is a homoglutathione. It is proposed that a series of the isolated Au:SG
clusters corresponds to kinetically trapped intermediates of the growing Au cores. The relative abundance
Figure 2. Negative-ion ESI mass spectra of clusters 1-6 (left). Mass
ofpeaks
the isolated clusters was correlated well with the thermodynamic stabilities against unimolecular
marked by asterisks are due to impurities from adjacent fractions. The right
decomposition. The electronic structures of the isolated Au:SG clusters were probed by X-ray photoelectron
panels show the deconvoluted spectra. The red bars indicate the molecular
weights of Aun(SG)m clusters with n-m values designated on the envelopes.
spectroscopy (XPS) and optical spectroscopy. The Au(4f) XPS spectra illustrate substantial electron donation
from the gold cores to the GS ligands in the Au:SG clusters. The optical absorption and photoluminescence
respectively.10 Fraction 3 is dominated by Au25(SG)14Clx but is
spectra
indicate that the electronic structures of the Au:SG clusters are well quantized; embryos of the sp
contaminated appreciably by Au24 and Au26 clusters. The
Cl
constituents, originated from HAuCl4, the starting material band
for the of the bulk gold evolve remarkably depending on the number of the gold atoms and GS ligands. The
cluster preparation, will not be denoted explicitly hereafter for
comparison of these spectral data with those of sodium Au(I) thiomalate and 1.8 nm Au:SG nanocrystals
simplicity. The most important finding is that a series of nearly
(NCs) reveals that the subnanometer-sized Au clusters thiolated constitute a distinct class of binary system
single-sized Aun(SG)m clusters is isolated by the PAGE method.
Preferential formation of the Aun(SG)m clusters with nwhich
) 18, lies between the Au(I)-thiolate complexes and thiolate-protected Au NCs.
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21, 25, 28, 32, and 39 indicates that they are relatively stable as
compared with other-sized clusters. The most plausible explanation
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DNA ORIGAMI

On the move

Proc. Natl Acad. Sci. USA http://doi.org/x4p (2015)

配位子の組合せと
位置異性体 (y)

2D MATERIALS
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ACS Nano 2015
Research Highlight

In a new study, Walters et al. (DOI: 10.1021/

crystal. The authors suggest that future

M = Ag, Cu, …
L = SR’, SeR’, TeR’…

DNA origami is a technique in which a long
strand of DNA is folded into a predetermined
shape with the help of a number of shorter
‘staple’ strands. The approach has been
used to create a range of intricate two- and
three-dimensional structures, but these
are typically static or, if they can move,
offer limited operations. Carlos Castro and
colleagues at the Ohio State University have
now built origami structures capable of
programmable two- and three-dimensional
motion by transferring macroscopic machine
designs to the nanoscale.
The researchers used a combination of
stiff double-stranded DNA components
and flexible single-stranded components
to first create origami joints capable of

research highlights

DNA ORIGAMI
GOLD NANOPARTICLES

Nano Lett. 15, 259–265 (2015)

Two-dimensional materials such as graphene
and transition metal dichalcogenides are
being widely investigated for use in electronic
and optoelectronic devices because of their
flexibility and versatile optical and electronic
properties. Now, Antony George, Liehui Ge,
Pulickel Ajayan and colleagues at Rice
University and Lanzhou University add to
the pool of existing optoelectronic devices
by creating an imaging sensor made from
few-layer CuIn7Se11.
In these devices, incident light excites
photoelectrons in a semiconductor channel
made of CuIn7Se11. When a positive gate
voltage is applied, the electrons are then
trapped in the channel by a potential well
formed by the Schottky barriers at the
contacts between the 2D material and the
source and drain metal electrodes. The
amount of trapped charge is proportional

to the exposure dose of light, analogous
to conventional charge-coupled device
imaging sensors. Information about the
photoexcitation is maintained until a
negative source–drain voltage is applied,
which allows the trapped electrons to be
released and for the stored information to
be read.
Each device of this kind could form a pixel
in a memory array that can capture and store
an image, and the researchers demonstrate
a three-unit array. They also illustrate the
generality of the approach by fabricating
sensors in few-layer InSe and monolayer
MoS2. The flexibility of 2D materials means
that such sensors are advantageous compared
with conventional imaging sensors when it
comes to flexible electronic applications, or
when integration with other 2D electronic
devices is required.
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RESPONSIVE MATERIALS

Cleaning oil spills remotely
Nanoscale http://doi.org/zj6 (2014)

There are a variety of materials for cleaning
an oil spill, but many of them can only be
operated in situ. In some extreme cases,
where polluted waters could harm the safety
of workers, there is a need for materials that
can be used from a distance. Inspired by
marine mussels, Yong Zhao and colleagues
have now developed a magnetically
responsive film that can efficiently absorb a
variety of oils.
The researchers — who are based at
various institutes in Beijing — created
fibrous poly(vinylidene) fluoride films
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in solution. Controlling the coordination
isomer distribution of the reactant clusters
enabled control of the distribution of the
products. The authors suggest that these
results could help optimize the creation
of desired metal clusters in other ligandexchange reactions.

A memory for images

J. Am. Chem. Soc 2015
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To investigate, Niihori et al. (DOI: 10.1021/
acsnano.5b03435) probed the products from
ligand-exchange reactions of phenylethanethiolate-protected Au24Pd clusters (Au24Pd(SC2H4Ph)18) with thiol, disulﬁde, or diselenide
using reverse-phase high-performance liquid
chromatography. This method separated out
each coordination isomer from the reaction
with high resolution, enabling them to be
evaluated quantitatively, and provided more
information about the nature of the reaction.
The researchers found that the reactions appear to begin preferentially at thiolates that
are bound directly to the metal core. Because
the reaction occurred between clusters in the
cluster solution, this led to variations in coordination isomer distribution of the clusters

simple angular (a hinge) and linear (a
slider) motion. These joints could then be
integrated to form devices capable of more
complex motion such as a crank–slider,
which uses three hinges and one slider
joint, and a Bennett linkage, which uses
four hinges and can transition between a
compact bundle and an open frame. Castro
and colleagues also show that the Bennett
linkage can be made to undergo reversible
conformational changes using DNA
input strands.
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Thiolate-protected gold clusters (Aun(SR)m) less than 2 nm in size exhibit size-specific physical and chemical properties
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Through these studies, we aim to create highly functional metal nanoclusters
and apply
them as highlyofactive
photocatalytic materials. The results of our efforts to date are summarized in Perspective,
this paper.
Perspective, 2014
we focus on studies rela
representative magic clusters Au25(SR)1
Au144(SR)60, discuss the knowledge ga
1. Introduction
address future issues.
Advances in developments in nanotechnology have encouraged the creation of highly functionalized nanomaterials.15
Heteroatom Doping. The ﬁrst report of h
Because metal clusters less than 2 nm in size exhibit sizemagic Aun(SR)m clusters was in 2009 by M
specific physical and chemical properties that are not observed
in bulk metals, they are attracting attention as functional units
synthesis of Au24Pd(SR)18. Following o
or building blocks for use in nanotechnology applications.
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Owing to the rapidly increasing demand for sustainable technologies in ﬁelds such as energy, environmental
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science, and medicine, nanomaterial-based photo/electrocatalysis has received increasing attention.
Recently, synthetic innovations have allowed the fabrication of atomically precise metal nanoclusters
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(NCs). These NCs show potential for green energy and medical applications. The present article primarily
focuses on evaluation of the recent developments in the photo/electrocatalytic and photosensitizing
characteristics of metal and alloy NCs. The review comprises two sections: (i) photo/electrocatalysis for
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green energy and (ii) photosensitization for biomedical therapy applications. Finally, the challenges

rsc.li/nanoscale-advances

associated with the use of metal NCs are presented on the basis of current developments.

1. Introduction
During the past few decades, photocatalysis and electrocatalysis
have received signicant attention as a result of the increasing
demand for sustainable technologies in the elds of energy,
environmental science, and medicine.1–7 Photo/electrocatalytic
approaches rely on electronic excitation, and their performance depends on the ability to create electron (e!)–hole (h+)
pairs that successively undergo chemical reactions with other
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compounds via oxidative (e.g., 2H2O(l) / O2(g) + 4H+(aq) + 4e!)
and reductive reactions (e.g., 2H+(aq) + 2e! / H2(g)). Many
advanced nanomaterial-based photo/electrocatalysts have been
synthesized and reported, and their advantages include large
surface-to-volume eﬀects, numerous catalytic active sites,
quantum size eﬀects and high stability.1–7 These catalysts are
considered to be promising for energy and environmental
applications, such as photo/electro water splitting to generate
hydrogen (H2) and conversion of carbon dioxide (CO2).
Furthermore, they are used in the fuel industry and in water
treatment and disinfection, air purication, and self-cleaning
surfaces.1–6 Usually, the term “photo/electrocatalysis” refers to
photo/electrochemical reactions, which involve an electron
transfer. Conversely, when energy transfer occurs in
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