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Solution-Phase Synthesis of Low-Toxicity Multinary Quantum Dots and Control of Their
Photoluminescence Properties

(Institutes of Innovation for Future Society, Nagoya University ) Tsukasa Torimoto

Semiconductor quantum dots (QDs) have attracted considerable attention due to their highly
tunable light absorption and emission properties. Although most conventional binary QDs
contain highly toxic elements such as Cd and Pb, high-quality multinary QDs composed of
low-toxicity elements have recently been developed for broader practical applications. The
photochemical properties of multinary QDs can be tuned by modifying not only their size but
also their chemical composition. In this presentation, we report recent progress in the solution-
phase synthesis of low-toxicity QDs composed of multinary metal chalcogenide
semiconductors. Their photoluminescence properties can be precisely controlled to render them
suitable for bioimaging applications.

Keywords : Quantum Dots; Low Toxicity; Multinary Semiconductors, Photoluminescence,
Bioimaging
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Fig. 2 A 3D PL image overlaid onto the
corresponding X-ray CT image of a mouse,
taken 4 h after intravenous injection of
AggGeSs@ZnS core-shell QDs into its tail.®
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[&% k] (1) T. Torimoto, et al., J. Photochem. Photobiol. C-Photochem. Rev. 2023, 54, 100569. (2) T.
Kameyama, et al., ACS Appl. Mater. Interfaces, 2018, 10,42844. (3) M. Tozawa et al., ACS Appl. Mater. Interfaces,
2024, 16, 68169. (4) Rismaningsih, et al., Small. 2025, 21,2411142.
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Fabrication of diamond quantum sensor by particle irradiation and its application ('QST,
2Tohoku University) OTakeshi Ohshima'?

Negatively charged Nitrogen-Vacancy (NV) center in diamonds is known as a quantum defect
with S =1, and it is expected to be applied to quantum bits and quantum sensors working at
room temperature. For quantum sensing, NV centers have excellent features such as high
sensitivity, multiple sensing of magnetic field and temperature, and wide dynamic range.
Besides, since the fluorescence from single NV center can be observed, diamond nanoparticles
with NV act as sensors. We use irradiation of energetic particles such as electrons and ions to
create NV centers. For example, NV centers are created in nitrogen-contained diamonds using
the irradiation of electrons with energy ranges of MeV and subsequent annealing. For the
realization of quantum sensors with high sensitivity, it is important to create NV centers with
high luminescence intensity and high spin properties such as long spin coherence time. In this
talk, the relationship between NV fabrication conditions and NV properties will be discussed.
Also, research toward real applications will be shown.

Keywords : NV center; Diamond,; Quantum sensing; Energtic particle irradiation

FAYXYEL FHORAICHE L-EH -2l NV) B & —X, Sl DAV 2 (7
LZETRMEE LCHLON, BEIEORTE Y RV ~OIHBHIRE SN D,
T T E W BLRTIR, SR, BIGROEERH O~ VT2 TRATRE, A
WEATFT IV I VUV ERTDEVSTEBNIFRERN S D, M T 7osle—D2DNV
=D T P IRy EUA (PL) BEIHITE S Z LD, MANORER
Rz wnwold ) A XD ~DIEHNAIRE L 72 5 NV & U ¥ —DIERICIE
fEARR R, R OWERREZICEAN LD ZoDHENRD D08, RIFZE T, %%@
FED—D>Th D ETRNFX—hL T E VTR ITEIC DWW TER T 5, Hlxid
%%(N)%@ﬁbfwéﬁ%%%ykf%m&\Mvﬁ®mﬁiiw¥~@@%%
PRIEEHC L Vsl (V) 28 AL, 2Dk, BUWEAZIT9 Z L TNV Z2EKT 5, &
mgﬁﬁ%ﬁ/% X, REE mAEUEE (BRabe— L REH) & o 7Rk
WEE LD, RHETIE, BRSO A VB R OBV L5 4 A Y'Y R~
DNV BT 1t X L REOBIfR, HIZ, ISR 7o R a2 /3 %,

Particle irradiation Thermal treatment |

A

Diamond Diamond with NV

© The Chemical Society of Japan -A1422-4pm-02 -



A1422-4pm-03 BALEA H106BFES (2026)

F BTk BRESRA A — DL TBW - ABERITORIR
LEY - ELEI

(QST EvAzfin '« ARARALE 2« THERBe Az 3 - HALKPEE )

OF LI

Development of imaging diagnosis and treatment technologies using nano quantum sensors
and their medical and pharmaceutical applications (! Institute for Quantum Life Science (iQLS),
National Institutes for Quantum Science and Technology (QST), ? Institutes of Innovation for
Future Society, Nagoya University, > Department of Quantum Life Science, Graduate School of
Science, Chiba University, * Quantum Life and Molecular Imaging, Graduate School of
Medicine, Tohoku University) 'Hiroshi Yukawa

I have been developing new imaging diagnostic and therapeutic technologies for
cells and living organisms using nano quantum sensors such as Quantum dots (QDs)
and Fluorescent Nano-Diamonds (FNDs). QDs exhibit exceptional optical properties
based on quantum size effects, including ultra-high resolution, ultra-high sensitivity,
ultra-long lifetime, energy efficiency, and low cost. These properties have already been
practicalized in the fields of communication and imaging (4K/8K displays), and the
technology behind QDs was awarded the 2023 Nobel Prize in Chemistry. On the other
hand, FNDs with nitrogen-vacancy center exhibit optically detected magnetic
resonance optically detected magnetic resonance properties (Fig.1) . In this
symposium, I will present the latest information on the current situation of nano
quantum sensors and their biological applications, particularly for cancer
photodynamic immunotherapy and regenerative medicine.

Keywords : Quantum dots; Fluorescent Nano-Diamonds; Imaging, Regenerative Medicine
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1) Theranostics applications of quantum dots in regenerative medicine, cancer medicine, and infectious
diseases. H. Yukawa, K. Sato K, Y. Baba, A4dv. Drug. Deliv. Rev. 2023, 200, 114863. Front Cover.
2) Nano-quantum sensors-based imaging and sensing for target-based drug discovery and development.
T. Shimada, Y. Ueda, H. Takemaru, Y. Baba, H. Yukawa, Trends Analyt. Chem. 2024, 171, 117496.
3) Biological Nano Quantum Sensors, Quantum Technology-Based Hyperpolarized MRI/NMR,

Quantum Biology, and Quantum Biotechnology. H. Yukawa, H. Kono, H. Ishiwata, R. Igarashi, Y.
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Takakusagi, S. Arai, Y. Hirano, T. Suhara, Y. Baba, Chem. Soc. Rev. 2025, 54, 3293. RSC Fellows
Celebratory Collection, Front Cover
4) Enhancing Near-Infrared Photoluminescence of AgsGeSs Quantum Dots through Compositional Fine-
tuning and ZnS Coating for In Vivo Bioimaging. N. Rismaningsih, J. Kubo, M. Soto, K. Akiyoshi, T.
Kameyama, T. Yamamoto, H. Yukawa, Y. Baba, T. Torimoto, Small. 2025, 21, 2411142. Frontispiece
5) Quantum Life Science: A Paradigm for Life Science Research. H. Kono, H. Yukawa, T. Hiromoto, R.
Igarashi, Y. Takakusagi, M. Adachi, Y. Baba, ACS Nano. 2026, 20(1), 5. Front Cover

Yukawa's team : Quantum Biomedical Engineering
Quantum Cellular Engineering
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In vivo Quantum Nanosensor Imaging: Development and Applications in Neuroscience
(\Unstitute for Quantum Life Science (iQLS), National Institutes for Quantum Science and
Technology (OST)) O Hiroyuki Takuwa,'

We have developed an in vivo imaging platform based on nanodiamond quantum
nanosensors that enables long-term and repetitive measurements of intracellular temperature,
radical production, and motility in immune cells within and outside the brain. Until now,
analyses of immune cell subpopulations have primarily relied on gene expression profiling of
excised brain tissue. Although highly informative, postmortem analyses of that type inherently
lack spatiotemporal resolution, thereby limiting our understanding of the functional roles of
immune cell subpopulations in vivo. With the proposed in vivo quantum nanosensing approach,
we successfully visualized various functional states and subpopulations of immune cells, at
single-cell resolution and in real time in animal models of stroke and neurodegenerative
diseases. Furthermore, by integrating quantum dots with two-photon microscopy, we
elucidated the relationship between deep-brain temperature dynamics and neurovascular
responses in mouse models of brain disorders. In this presentation, we provide an overview of
how nanosensor technologies—including nanodiamonds and quantum dots—can be translated
into biological and medical research, and discuss the potential and future perspectives of next-
generation brain science driven by quantum technologies.

Keywords : Quantum nanosensor, Nanodiamond, Quantum dot, In vivo cell imaging, Brain
disorders
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Quantum-Bio-Chemistry: Connecting Quantum and Life Sciences Through Chemistry

(Graduate School of Science, The University of Tokyo) (ONobuhiro Yanai

The Second Quantum Revolution is underway. What should chemists do in this coming
quantum era? We seek our own answer to this question at the interface between quantum and
life sciences. Many quantum technologies function in clean, dry environments, making their
application to the messy, wet biological phenomena challenging. We believe chemistry can
bridge this gap. This can be seen as an attempt to expand chemistry's domain, and we propose
calling the chemistry active at this quantum-life boundary “quantum-bio-chemistry.” In this
context, as materials chemists, we are developing hyperpolarized materials for sensitivity-
enhanced NMR/MRI and molecular-based quantum sensors.

Keywords : Quantum-Bio-Chemistry, Spin Hyperpolarization, Quantum Sensing
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[11 Akio Yamauchi, Saiya Fujiwara, Nobuo Kimizuka, Mizue Asada, Motoyasu Fujiwara, Toshikazu
Nakamura, Nobuhiro Yanai, Nature Commun., 2024, 15, 7622.

[2] Hitoshi Ishiwata, Jiarui Song, Yoko Shigeno, Koki Nishimura, Nobuhiro Yanai, ChemRxiv, DOI:
10.26434/chemrxiv-2025-k7dbl.
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Molecular Control in Deep Biological Tissues through Quantum Optical and Electronic
Processes for Biomedical Applications (‘Faculty of Pharmaceutical Sciences, Hokkaido
University) OMikako Ogawa'

Light has become an indispensable tool in life science research. It is widely used in various
applications such as imaging and functional analysis employing caged compounds. Typically,
visible light—especially in the ultraviolet to blue region—is used to activate caged compounds.
This is because activation relies on changes in the electronic excited state of molecules, and
such structural transformations generally require relatively high excitation energy. However,
light in this wavelength range cannot penetrate deeply into biological tissues, limiting its
applicability.

Expanding the usable wavelength range, particularly toward more tissue-penetrating
electromagnetic waves, would enable broader applications, including potential use in humans.

Our group has been developing molecular activation methods using X-rays, which possess
high tissue penetration. We have demonstrated that molecular structures can be transformed
through processes involving hydrated electrons and Auger electrons. In this presentation, we
will introduce these findings and discuss future possibilities of utilizing fluctuations in electron
spin states for molecular activation and reaction control.

Keywords : Caged Compound; X-ray, electron
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