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Atomically Precise Synthesis of Gold Needle Clusters by Fusion
Reactions

(‘Department of Chemistry, School of Science, The University of Tokyo) O Yuya
Hamasaki,' Ryota Jonoue,' Shinjiro Takano,' Tatsuya Tsukuda'

Keywords: Ligand-protected Metal Clusters; Anisotropic Clusters; Fusion Reaction; IR
Region Absorption

Prolate gold clusters are known to exhibit intense photo-absorption bands in the NIR
to IR region that redshift with aspect ratio, and are expected to find applications in fields
such as bioimaging and photothermal conversion.' However, anisotropic clusters are
typically thermodynamically unstable and difficult to synthesize using conventional
reduction methods of Au(l) species. A plausible approach to synthesize anisotropic Au
nanostructures is to fuse pre-synthesized isotropic Au clusters. We have recently reported
the synthesis of bi-icosahedral MM’Auyi-core (M, M’ = Au, Pt, Pd) clusters via
hydride-mediated fusion processes.” In this study, we found the formation of needle-like Au
clusters via thermally induced sequential fusion of thiolate-protected Au clusters.

Maran reported that incubation of a highly concentrated toluene solution of
[Auzs(PET)15]° (Auzs, PET = 2-phenylethanethiolate), with an icosahedral Au;; core, yields
[Auss(PET)24]” (Auss), with a bi-icosahedral Aups core.” In contrast, the absorption spectra
of the crude product heated in 1,2-dichloroethane (DCE) show, in addition to the
characteristic features of Auss, three prominent peaks in the NIR region (red trace in Fig. 1).
From the crude products, three fractions responsible for the absorptions at 808, 1077, and

1316 nm were isolated and assigned by mass
spectrometry to [Aus(PET)s]° (Aug), Au,,
[AU(,()(PET)M]O (Au60), and [AU78(PET)56]O (Au7g),

]
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respectively. The compositions and optical A &g 7
. . u PV‘:v: o ’.:',_-.-':'4\‘?
properties of Aus, Augy, and Ausg are consistent 78 ;}%-;.;..;.;_.;:‘

with those having the core of an Aui-(Aus).-Aui

. . e 808 1077 1316 nm
structure with n = 3, 5, and 7, respectively.” Similar : Lo

Absorbance (a.u.)

optical spectra were observed by heating a highly
concentrated solution of [Aux4(PET)x]° (Auzs) with
the Aui-(Aus)-Au; core’ (blue trace in Fig. 1).

. . 500 1000 1500 2000
These observations suggest that the Auaq is involved Wavelength (nm)

as a key intermediate in the fusion reaction,  Fig. 1. Absorption spectra of crude

after heating (red) Auzs and (blue)

Auz4 in DCE. Inset: structure of

reactions in synthesizing needle clusters. product clusters (Au: ¥e110w, S: red. C,
).

1) L. Luo ef al. PNAS 2024, 121, ¢2318537121. 2) E. Tto  11- omitted for clarity
et al. Angew. Chem. Int. Ed. 2021, 60, 645. 3) T, Dainese
et al. ACS Nano 2018, 12, 7057. 4) Z. Gan et al. Angew. Chem. Int. Ed. 2016, 55, 11567.

illustrating the effectiveness of cluster fusion
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Synthesis and optical properties of gold clusters protected by BINAP-type ligands (‘Grad.
School of Env. Sci., Hokkaido Univ., *Fac. of Env. Earth Sci., Hokkaido Univ.) OShigi Lin',
Yukatsu Shichibu'*, Katsuaki Konishi'

The synthesis of gold clusters protected by multidentate ligands has recently attracted
attention. In our lab, we have synthesized various gold clusters and explored their unique
structures and functions. For instance, using chiral ligands, we successfully created gold
clusters with distinct core structures, such as Auy4 with a double-helical Au;; and Au; with a
distorted pentagonal bipyramidal Aujo. These results showed that even small ligand changes
can lead to completely different gold core structures. In this study, we synthesized Aus clusters
ligated with chiral BINAP ligands from the reduction of a Au, complex. We also discovered a
chiral byproduct and explored how changes in its ligand shell affect the optical properties.
Keywords - Gold cluster, Chiral

ZIERNLF TRE S L7 T A X —OEKITIEFIER ZHED TN D, BIFFEET
(TEEA 72 TR AT ¢ VN T T AE —DERREITV, 2=— 7 7ok - IREE I 5
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At Au 27 VOB Ao 2 ETE Aus 37 V% b6 T AL — D AHICH)
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ERITT A0 A2 7AX—0&K (TR Il L, BElor S2z—2 o
HORRIC & 0 RT3 = VBRI S T A S — DRTHEE IR 5 2. 5 % D)
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1) M Sugiuchi, Y Shichibu, K Konishi, Angew. Chem., Int. Ed. (Communication), 2018, 57, 7855.
2) Y Shichibu, K Konishi, Small, 2010, 6, 1216.
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Synthesis and Optical Properties of Sub-Nano Gold Clusters Incorporating Heterometals.
(‘Graduate School of Environment Science, Hokkaido University, *Graduate School of
Environment Science, Hokkaido University) oLan Xu,'Hiroto Morita,' Yukatsu Shichibu,'*
Katsuaki Konishi '

Diphosphine-protected subnano gold clusters have different optical properties depending on
their nuclearities and geometries”. We have found that a Aus cluster protected by 2,6-
bis(diphenylphosphino)pyridine (2,6-PyDP) transformed into a Au; cluster via spontaneous
cluster growth under room light. In this study, we synthesized alloy clusters by heterometals M
(M = Cu, Ag) with the Aug cluster. Formation of alloy clusters were confirmed from ESI-MS
spectra. X-ray analysis revealed that the alloy clusters adopt an AugM, cluster structure, where
the metal complexes cap the Aus cluster. Photoluminescence measurements revealed the
efficient emission for AusCuy, the quantum yield of which was about 30 %. We are also
attempting to synthesize alloy clusters with other metals.

Keywords: Gold cluster, Alloy, Colloid

UIRAT 4 UL A TIRES N T &Y T A — 1, BECOREE IR LT
B 72 PR 2 R Y, ZE TUFEETIX, B DBV R A T ¢ VLT
(2,6-PyDP) THREH#ESIL72 Aug 7 T A X —NEPNE T THIERENRE 2/ T Auy 7
TAB =T D T EBF oo, AFETIE, Au 2 7 A Z —|ZBfES&EM (M
=Cu, Ag) ZHEFEESEELZ L THEELE Y T AL —DAKERRT-, AP ESI-MS A
RY MZED AuMy 7 T A X — DRk & iR LTz, HRESh X SRS ARHT DRk R
Aug 7 T AHX —IZEBEHRN T v v S INTE AuM,y 7 T A X —REEDRI L E T o
7= (Figurela) , 512, PL I TiX. AusCuz T29.9%. AusAgy T 4 %D EFILHR
AL, CudDlE ) DR 8 fEm->7 (Figure 1 b) . AFERTIE, oeEEHWT=E
&7 T AH—DEROBRAZDNTHHET 5,

(a) ' (b) [©0=299% —_AucAg
3\ ---- Aug
e //-4 =
W W
N =
) T e=02%
700 800 900 1000

Figure | 7 7 A% —® (a) #fiHE M=Cu) & (b) FEHAXT ML

1) K. Konishi, M. Iwasaki, Y. Shichibu, Acc. Chem. Res. 2018, 51, 3125-3133.
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Precise Flow Synthesis of Platinum-Group-Metal High-Entropy Alloy
Nanoparticles by Machine Learning

(!Grad. Sch. Sci., Kyoto Univ., *Hakubi Center, Kyoto Univ.,*URC, Kyushu Univ.,*Grad.
Sch. Eng., Kyushu Univ., *JASRI/SPring-8) ODaiki Takahashi,! Kohei Kusada,"? Takaaki
Toriyama,® Tomokazu Yamamoto’, Yasukazu Murakami®**, Hirotaka Ashitani’, Shogo
Kawaguchi®, Osami Sakata®, Hiroshi Kitagawa!

Keywords: High-Entropy Alloy, Nanoparticles, Machine Learning

High-entropy alloy nanoparticles (HEA NPs) are solid-solution alloys with particle size
in the nanometer scale, composed of five or more metals at almost equimolar compositions.
Their high catalytic activities cannot be explained by a simple combination of constituent
elements?, and the origin of these unique properties has been still discussed. In addition,
precisely synthesizing HEA NPs is challenging because each element has different
characteristics such as redox potential and atomic radius, which hinders the further
elucidation of their catalytic mechanisms. Here, we report the synthesis of I[rPdPtRhRu
HEA NPs with small and homogeneous particle sizes through flow synthesis which can
realize a continuous and uniform reaction environment?. This method involves various
synthesis parameters influencing crystal growth and alloy formation, and a comprehensive
understanding of each parameter’s contribution leads to the precise synthesis of HEA NPs.

As a result, the smallest-size HEA
NPs obtained by flow synthesis was 2.4 +
0.5 nm. The samples were characterized
by scanning transmission electron
microscopy (STEM), energy dispersive
X-ray spectroscopy (EDS) (Fig.1), and
powder X-ray diffraction. To evaluate the

contribution of each synthesis parameter,

&

machine learning with partial least ok
squares method was performed. A simple Fig.2 HAADF-STEM image of IrPdPtRhRu HEA

model of linear combination with the NPs and EDS maps of constituent elements

synthesis parameters gave a good predictive performance, and it showed that the particle
size decreased with the increasing flow rate of the reductant solution. Furthermore, we
discuss whether machine learning can tell suitable synthetic conditions to provide
homogeneously alloyed HEA NPs.

1) D.Wuetal,J Am. Chem. Soc., 144, 3365-3369 (2022). 2) K. Kusada et al., J. Phys.
Chem. C, 125, 1, 458-463 (2021).
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Synthesis of novel Pd—Pt—-P amorphous nanoparticles and
catalytic activity

(*Graduate School of Science, Kyoto University, 2Hakubi Center, Kyoto University, *URC,
Kyushu University, *Graduate School of Engineering, Kyushu University, SJASRI/SPring-8 ,
Graduate School of Science, Osaka Metropolitan. University.) O Kenta Ikeda,! Megumi
Mukoyoshi,! Kohei Kusada,'? Takaaki Toriyama,® Tomokazu Yamamoto,® Yasukazu
Murakami,>* Hirotaka Ashitani,> Shogo Kawaguchi,® Toshiaki Ina,’ Yoshiki Kubota,® Hiroshi
Kitagawa'

Keywords: Amorphous; Nanoparticles; Electrochemical catalysts

Atomic arrangement is one of the dominant factors to control materials’ property.!
Especially, amorphous materials have attracted much attention because of their complex
structure and high performance as a solid catalyst derived from many dangling bonds.? For Pt
nanoparticles showing high activity for electrochemical reactions such as hydrogen evolution
reaction (HER), however, there have been a few reports on the control of its atomic
arrangements. This is due to the high stability of fcc crystalline structure and low stability of
amorphous state for Pt.

We succeeded to synthesize Pt-containing amorphous nanoparticles (ANPs) by alloying Pt
with PdP ANPs.? All the syntheses were conducted by a wet chemical reduction method in
oleylamine system. The amorphous structure was characterized by XRD (Figure 1) and atomic
resolution HAADF-STEM image. By STEM-EDX and STEM-EELS (Figure 2), it was
confirmed that Pd, Pt and P are homogeneously distributed in the particle. The catalytic activity
for HER was investigated by a three-electrode electrochemical measurement and compared
with the same composition crystalline nanoparticles.

Cu Ka, RT.

; 3 9
= 2 @
e S P—>|
] o c
E O -

Pt powder

%% T T T T T T 1

20 30 40 50 60 70O 80 90 0 2 4 6 8 10 12 14 16
20 (degree) Distance (nm)

Figure 2. EDX line scan profiles of Pd (blue) and Pt (red)
and EELS line scan profiles of P (green) of the ANP. The

Figure 1. PXRD profile of Pd—Pt-P ANPs

arrow shows the region of interest. Scale bar is 5 nm.

1) Q. Zhang et al. Nat. Commun. 2018, 9, 510, 2) S. Anantharaj et al. Small 2020, 16, 1905779, 3) K.
Ikeda et al. Chem. Lett. 2024, 53, 144.
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Synthesis of Multi-Element Metal Sulfide Nanosheets Composed of Early Transition Metal
(!Grad. Sch. Sci., Kyoto Univ., *URC, Kyushu Univ., *Grad. Sch. Eng., Kyushu Univ.,
4JASRI/Spring-8, °Grad. Sch. Sci., Osaka Metro. Univ.) oNaoki Kaneguchi!, Megumi
Mukoyoshi!, Takaaki Toriyama?, Tomokazu Yamamoto?, Yasukazu Murakami?®, Hirotaka
Ashitani*, Shougo Kawaguchi*, Yoshiki Kubota®, Hiroshi Kitagawa!

Transition-metal sulfides have a high surface area and tunable band gap derived from their
layered structure. Their unique physical properties have led to their application in various fields
such as catalysts, transistors, and photovoltaics. In recent years, there have been many studies
on unary metal sulfides, but there are still few reports on the synthesis of multi-element sulfides
especially composed of early transition metals. In this study, we report the synthesis of multi-
element sulfides composed of early transition metals by a wet chemical method, in which metal
ions react with carbon disulfide or sulfur in oleylamine solution. The results of structural
characterization suggest that the obtained nanoparticles are multi-element metal sulfides with
a MoS,-like layered structure.

Keywords : Multi-Element nanoparticles, Metal sulfide, Nanosheet
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Study on the Development of Superparamagnetic Nanocluster
Probes for Immunodiagnostics using Magnetic Particle
Spectroscopy

(! School of Materials Science, JAIST, > Department of Electrical Engineering, Kyusyu University,)
(OSakuya Shimizu,! Ayumi Sakai,! Mari Takahashi,' Takashi Yoshida,? Shinya Maenosono!
Keywords: Magnetic particle

Superparamagnetism; Nanoparticle; Magnetic nanocluster;

spectroscopy; Multi-antigen detection

Magnetic particle spectroscopy (MPS)V which provides relatively rapid and accurate detection
of antigens. In addition, it is possible to perform multiple antigen detection based on the principle
of MPS. The basic principle of MPS is to obtain information about the environment near
superparamagnetic nanoparticles (SPMNPs) by analyzing the higher frequency of the magnetic
response of SPMNPs in an external alternating magnetic field (AMF). In immunodiagnosis by MPS
subtle changes in Brownian relaxation due to antigen binding are detected as changes in odd
harmonic intensity. The presence or absence of the antigen is determined by detecting the subtle
changes in Brownian relaxation caused by antigen binding as changes in the intensity of odd
harmonics. Magnetic nanoclusters (MNCs) are suitable as MPS probes because Brownian
relaxation is dominant in nanoclusters due to magnetic coupling between primary particles. In this
study, MFe>O4 (M = Fe, Co, Zn) MNCs with different magnetic properties were prepared for the
creation of MNC probes for MPS.

MFe;04 MNC was synthesised by a solvothermal method. For example, Fig. 1a shows a TEM
image of CoFe>O4 (CFO) MNCs, which were found to be aggregates of CFO SPMNPs. The primary
particle size was 8.4 £ 1.7 nm and cluster size was 61.1 + 8.1 nm. Avidin, used as an antigen model,
was adsorbed onto the surface of these CFO MNCs by electrostatic interaction and alternating
current susceptibility (ACS) and MPS measurements were performed. The ACS measurements
showed that Brownian relaxation was suppressed by the adsorption of avidin (Fig. 1b), while the
MPS measurements showed that the suppression of Brownian relaxation caused a difference in the
intensity of the higher harmonics (Fig. 1c¢). In this study, we will present results of different MNCs
with different magnetic properties.
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Fig.1 (a) TEM image of CFO MNCs. (Inset:
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1) K. Wu et al, ACS Appl. Mater. Interfaces, 2021, 13, 44136.
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Synthesis of Temperature-Responsive Polymers Combined with Copper Selenide
Nanoparticles and Evaluation of Their Thermal Responsiveness (*Graduate School of Science
and Engineering, Chuo University, 2Faculty of Science and Engineering, Chuo University, 2
Faculty of Science and Engineering, Ibaraki University Graduate School) oTakuma Okabe?,
Mizuki Kimura?, Shunya Sakane®, Hideki Tanaka! 2

Semiconductor nanoparticles exhibit localized surface plasmon resonance (LSPR) absorption when
surface free carriers undergo collective oscillation upon light irradiation. This leads to localized
heating near the nanoparticles. Specifically, by combining nanoparticles with the thermoresponsive
polymer PNIPAM (poly(N-isopropylacrylamide)), the nanoparticles can function as photothermal
agents, enabling temperature elevation and phase separation of PNIPAM upon light irradiation.
Since PNIPAM exhibits a lower critical solution temperature (LCST) near body temperature, it
holds promise for applications in drug delivery systems (DDS). However, for DDS applications, it
is essential to convert biologically penetrable and non-invasive near-infrared (NIR) light into heat.
In this study, composite materials of copper selenide nanoparticles and PNIPAM were synthesized
to achieve plasmon absorption in the NIR region. The precursor molar ratio of Cu and Se was varied
during the synthesis. Structural evaluations were performed using X-ray diffraction (XRD),
scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), UV-vis-NIR
spectroscopy, and dynamic light scattering (DLS).

Regardless of the Cu-to-Se precursor ratio, cubic Cuz—«Se was formed. When the Cu:Se ratio was
1:1, LSPR absorption appeared around 1100 nm. In contrast, at a Cu:Se ratio of 2:1, an absorption
peak near 1400 nm intensified over time and blue-shifted to around 1100 nm.

Keywords - Plasmonic heating ,Copper selenide, Nanoparticles, Thermoresponsive polymer
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Chiroptical Effects of Plasmonic Au@Ag Nanostructures Fabricated by Circularly Polarized
Light (IS, The Univ. of Tokyo) (OHikaru Takahashi, Takuya Ishida, Tetsu Tatsuma

Plasmonic nanoparticles with chiral shapes exhibit strong chiroptical responses, and should
be suitable for application in chiral molecule sensors and metamaterials. We have developed
simple and convenient methods for chiral shaping of nanoparticles by utilizing circularly
polarized light (CPL) as the chiral source. Hot holes or electrons generated by CPL are used
for oxidative!™ or reductive® deposition, respectively, for the chiral shaping. In the case of
reductive deposition, it has been difficult to fabricate clearly chiral structures, and it is
important to achieve precise shape control. In the present study, we fabricated chiral Au@Ag
nanostructures by combining hot electron generation according to chiral electric distribution®
around achiral Au nanocubes under CPL, with preferential deposition of Ag on Au{l11} and
{110} planes. The Au@Ag nanostructures thus obtained exhibited circular dichroism in the
wavelength regions corresponding to their plasmon resonance (Fig. 1). Furthermore, we
performed electromagnetic field analysis using an FDTD method to investigate the chiral
shaping process and their resultant optical responses.

Keywords : Chiroptical Effect, Metal Nanoparticle, Circularly Polarized Light, Localized
Surface Plasmon Resonance, Nanofabrication
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1) K. Saito and T. Tatsuma, Nano Lett. 2018, 18, 3209. 2) K. Morisawa, T. Ishida, and T. Tatsuma,
ACS Nano 2020, 14,3603. 3) K. Shimomura, Y. Nakane, T. Ishida, and T. Tatsuma, App!. Phys. Lett.
2023, 7122, 151109. 4) T. Homma, N. Sawada, T. Ishida, and T. Tatsuma, ChemNanoMat 2023, 9,
€202300096. 5) T. Ishida, A. Isawa, S. Kuroki, Y. Kameoka, and T. Tatsuma, Appl. Phys. Lett. 2023,
123, 061111. 6) N. Ichiji, T. Ishida, I. Morichika, T. Tatsuma, and S. Ashihara, Phys. Rev. B 2024,
109, 035428.
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Photophysical and photochemical properties of indium-doped zinc oxide nanocrystals
(‘Ritsumeikan Univ.,*PRESTO JST) OKanato Nagai,' Yuki Nagai,' Yoichi Kobayashi'-?

A degenerate semiconductor is a semiconductor in which the doping level is so high that the
Fermi level moves into the conduction or valence bands, leading to metallic-like behavior.
Nanocrystals (NCs) of degenerate semiconductors have unique optical properties such as size-
dependent localized surface plasmon resonance and have attracted attention recently. Among
various degenerate semiconductors, indium-doped zinc oxide nanocrystals (IZO NCs) have
attracted significant attention due to their cost-effectiveness and lower toxicity compared to
indium tin oxide.! However, their photophysical processes and even photochemical processes
remain elusive. In this study, we synthesized IZO NCs with different indium doping rates and
examined their optical properties.

Keywords : Indium doped zinc oxide; Degenerate semiconductor, Semiconductor nanocrystals;
Auger recombination; Plasmon resonances
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Phase transfer and fractionation of gold and silver bimetallic nanowires using long-chain amine
(Tokyo University of Science) OShinji Saito, Yoshiro Imura

Noble metal nanowires are attractive because of their unique optical and catalytic properties.
Previously, we reported the preparation and fractionation of Au nanowires and spherical Au
nanoparticles using long-chain amine (C18AA) as a capping agent. In addition, Au-Ag
nanowires were synthesized using C18AA as a capping agent, while spherical nanoparticles
were also obtained. It is expected that the original properties of the Au-Ag nanowires appeared
by fractionation of Au-Ag nanowires and spherical nanoparticles. In this study, we conducted
fractionation of Au-Ag nanowires and spherical nanoparticles by phase transfer method using
C18AA. The phase transfer method was performed by adding water to the Au-Ag nanowire in
toluene. As a result, it was found that Au-Ag nanowires were extracted to the water phase from
Au nanocrystals in toluene.

Keywords : Nanowire; Nanocrystal, Phase transfer, Fractionation
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1) Y. Imura, T. Morita, C. Morita-Imura, T. Kawai, Colloids and Surfaces 4, 2018, 543, 9-14.
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Investigation of Liquid-Phase Synthesis Conditions toward Control of Dispersibility and
Morphology of Nickel Hydroxide Salt Nanoparticles (Graduate School of Advanced Science
and Engineering, Hiroshima University) OKeiichiro Tsujimoto, Naoki Tarutani, Kiyofumi
Katagiri, Kei Inumaru

In the liquid-phase synthesis of nanoparticles, surface modification with bulky molecules
and/or polymers is crucial to prevent aggregation and excessive crystal growth due to physical
contact. In contrast, we have found that metal hydroxide salt nanoparticles can form and stably
disperse even under highly concentrated conditions by using small molecules such as 2-
propenoic acid. In this study, we investigated the effects of synthetic parameters, including
reaction temperature, solvent, precursor concentration, and basic reagents, on the size,
morphology and dispersibility of the resultant layered nickel hydroxide salt particles.
Specifically, the reaction temperature significantly influenced crystal growth: at a low
temperature, particles grew primarily in the in-plane direction, while well-crystallized layered
structures formed as the temperature increased.

Keywords: Nanoparticles, Nanosheets; Layered metal hydroxide salts; Liquid-phase synthesis;
Morphological control
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Fig. 1. XRD patterns of nickel
1) N. Tarutani et al., ACS Mater. Lett., 2022, 4, 1430—1435. hydroxide acry]ates prepared with

2) N. Tarutani et al., J. Ceram. Soc. Jpn., 2023, 131, 830-836. reaction temperature of 35-65 °C.
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