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Device Simulation of High Efficiency Perovskite Solar Cells ('Ritsumeikan University)
(OTakashi Minemoto'

Organic-inorganic hybrid perovskite solar cells are gathering significant attention as a
promising candidate for low-cost and high-efficiency printable solar cells. In this presentation,
we discuss the operation and design of high-efficiency perovskite solar cells utilizing a Solar
Cell Capacitance Simulator (SCAPS) - a widely used one-dimensional device simulator in
conventional inorganic thin-film solar cells. Key focus areas include film thickness, work
function of the rear electrode, the optimal relative position of energy bands (electron transport
layer, hole transport layer and perovskite layer), and the impact of band grading in perovskite.
This study aims to provide insights into device optimization strategies for enhancing the
performance of perovskite solar cells.

Keywords : Perovskite, Solar cells, Device simulation, Optimum design
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1) Device modeling of perovskite solar cells based on structural similarity with thin film inorganic
semiconductor solar cells, T. Minemoto, M. Murata, J. Appl. Phys. 2014, 116, 054505.

2) Theoretical analysis on effect of band offsets in perovskite solar cells, T. Minemoto, M. Murata, Sol.
Energy Mater. Sol. Cells 2015, 133, 8.

3) Theoretical analysis of back junction band alignment in Sn-Ge perovskite solar cells with inverted
p-i-n structure, T. Minemoto, Y. Kawano, T. Nishimura, Q. Shen, K. Yoshino, S. likubo, S. Hayase,
J. Chantana, Sol. Energy Mater. Sol. Cells 2020, 206, 110268.
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Pervskite solar cells that has evolved through chemstry
(Toin University of Yokohama) O Tsutomu Miyasaka

Various methods of improving the interface between the perovskite and the charge
transportation layer using organic materials to enhance the efficiency and durability of the
pellobskite solar cells are implemented, including surface passivation, and has achieved good
results. In addition, studies have been undergoing a recent trend that modifies the interface
using a self-assembled monolayer (SAM) film without using charge transport materials. These
are interfacial modification using chemical reactions. In the lectures, I will focus on the
structural modification method of perovskite solar cells using these chemical reactions, and
describe future potential.

Keywords : perovskite solar cell, interface, self-assembled monolayer
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4RI L B RO
1. G.M.Kim, et al. Adv. Energy Mater. 2021,2102856 0 T Fi= & & FHOEH

2. Z.Guo, et al. ACS Energy Lett. 2023, 8, 90.
3. B, ~u T AhA MRGEM, L3RR 2024
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Interface Engineering in Polymer and Perovskite Solar Cells ('Graduate School of Engineering,
Kyoto University) OHideo Ohkita'

In this talk, I will discuss how the open-circuit voltage (Voc) can be improved for polymer
solar cells and perovskite solar cells by interface engineering. In polymer solar cells, Voc can
be improved by carefully controlling the charge transfer states formed at the donor/acceptor
interface in terms of the side chain structure of crystalline conjugated polymers and the
quadrupole moment of fused-ring m-conjugated acceptor materials. In perovskite solar cells,
Voc can be improved by suppressing charge recombination losses at the interface in terms of
appropriate energy matching and interfacial passivation.

Keywords : Polymer Solar Cells; Perovskite Solar Cells; Interfacial Charge Transfer State;
Quadrupole; Interfacial Charge Recombination
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1) 1. Osaka, M. Saito, T. Koganezawa, K. Takimiya, Adv. Mater. 2014, 26, 311-338.

2) T. Fukuhara, K. Yamazaki, T. Hidani, M. Saito, Y. Tamai, I. Osaka, H. Ohkita, ACS Appl. Mater.
Interfaces 2021, 13, 34357-34366.

3) Y. Cho, H. D. Kim, J. Zheng, J. Bing, Y. Li, M. Zhang, M. A. Green, A. Wakamiya, S. Huang, H.
Ohkita, A.W. Y. Ho-Baillie, ACS Energy Lett. 2021, 6, 925-933.

4) Y. Cho, J. Bing, H. D. Kim, Y. Li, J. Zheng, S. Tang, M. A. Green, A. Wakamiya, S. Huang, H.
Ohkita, A.W. Y. Ho-Baillie, ACS Appl. Mater. Interfaces 2021, 13,39178-39185.
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Theoretical study on the physics of exciton dynamics in solar cells (Dept. of Mathematics,
Physics and Computer Science, Japan Women's University) O Azusa Muraoka'

Organic thin-film solar cells, which are attracting attention as a renewable resource, have
been reported to be effective in increasing short-circuit current due to the high absorption
efficiency of visible light in the donor/acceptor layer. However, for further improvement of
efficiency, it is important to clarify the dynamic process of excitons generated at the D/A
interface and the photoelectric conversion mechanism, i.e., the dissociation of excitons and the
diffusion process of generated carriers. We are focusing on the dissociation of excitons at the
D/A interface and the promotion of free electron carriers to the electrode to elucidate the
dynamic processes of excitons at the D/A interface in organic thin film solar cells.

Of particular interest is the proposal of two hypothesized processes by which photo-induced
excitons generate free carriers. One is the cool process, in which excitons generated on the
donor side relax to the charge transfer (CT) state and thermally unbind from the CT state to the
charge separation (CS) state, and the other is the Aot process, in which excitons at the D/A
interface do not relax in the CT state but directly generate free charge. We have reported that
the Frenkel exciton generated on the D side becomes a Wannier exciton at the interface and
that the exciton size, i.e., electron-hole distance, correlates with the photoelectric conversion
efficiency. The Wannier exciton in the initial stage of formation is considered to be a weakly
bound electron-hole polaron pair, and the process of their dissociation into a free electron
polaron and a hole polaron without relaxing to the charge-transfer state may correspond to a
The process of their dissociation into free electron polarons and hole polarons, which diffuse
without relaxing into the charge-transfer state, may correspond to the hot process. Therefore,
we consider that the choice between the cool process and the hot process is due to the non-
adiabatic process caused by the vibrational interaction in the initial Wannier excitonic state.

In this talk, we will present a theoretical study of the process of photo-induced exciton
generation of free carriers based on density functional theory calculations.

Keywords : Organic solar cells, Charge transfer exciton, Exciton Dynamics, DFT calculation
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1) Manipulation of Charge-Transfer States by Molecular Design: Perspective from “Dynamic Exciton”,
H. Imahori, Y. Kobori, H. Kaji, Acc. Mater. Res.2021, 2, 501.

2) Investigations on the charge transfer mechanism at donor/acceptor interfaces in the quest for
descriptors of organic solar cell performance, A. Muraoka, M. Fujii, K. Mishima, H. Matsunaga, H.
Benten, H. Ohkita, S. Ito, K. Yamashita, Phys. Chem. Chem. Phys.2018, 20, 12193.

3) Influence of Vibronic Interaction of Charge Transfer Excitons in PTB7/BTA-Based Nonfullerene
Organic Solar Cells, S. Ikeyama, A. Muraoka, J. Chem. Phys., 2023, 159, 044307.
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Fundamentals of Materials Informatics: Prediction, Understanding, and Discovery of Materials
by Machine Learning ('The Institute of Statistical Mathematics, Research Organization of
Information and Systems) ORyo Yoshida'

In this talk, we target individuals with basic to intermediate knowledge in materials
informatics, elucidating fundamental methodologies for applying machine learning in materials
research. Particularly, through several cases (predicting, understanding, and discovering
compositions forming specific material phases [1,2], predicting polymer-solvent miscibility
using multitask machine learning [3], predicting and controlling polymer properties using
machine learning and molecular dynamics simulations [4,5]), we will introduce some contents,
such as papers, software, and sample data, to actively engage in experiencing predictions,
understanding, and discoveries through materials informatics. The goal is to explain the
practical use of materials informatics in a clear manner, not as a tutorial for software.
Additionally, we will present brief practical examples showcasing the potential of large
language models in material science [6]. Due to time constraints, some content may be omitted.

Keywords : Machine Learning; Descriptor; Explainable AI; Database; Crystal Structures
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[1] Liu et al., Machine learning to predict quasicrystals from chemical compositions. Advanced Materials
33,2102507 (2021).

[2] Liu et al., Quasicrystals predicted and discovered by machine learning. Physical Review Materials 7,
093805 (2023).

[3] Aoki et al., Multitask machine learning to predict polymer-solvent miscibility using Flory-Huggins
interaction parameters. Macromolecules 56, 54465456 (2023).

[4] Hayashi et al., RadonPy: automated physical property calculation using all-atom classical molecular
dynamics simulations for polymer informatics. npj Computational Materials 8, 222 (2022).

[5] Ohno et al.,, SMiPoly: generation of synthesizable polymer virtual library using rule-based
polymerization reactions. Journal of Chemical Information and Modeling 63, 5539-5548 (2023).

[6] Gupta, et al., MatSciBERT: a materials domain language model for text mining and information
extraction. npj Computational Materials 8, 102 (2022).
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Practice and Application of Digital-driven Chemical Synthesis (Interdisciplinary Research
Center for Catalytic Chemistry (IRC3), National Institute of Advanced Industrial Science and
Technology (AIST)) OAkira Yada

In this lecture, research and development aimed at applying data science and automation to
organic synthesis will be introduced. In addition, the idea and methods for implementing
digital-driven chemical synthesis in the research will be discussed.

Keywords : Organic Synthesis; Catalytic Reaction,; Data Science,; Automation, Informatics
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Data-driven retrosynthesis and reaction prediction foundation model (‘Graduate School of
Medicine, Kyoto University)

In this presentation, we will introduce recent integration of data-driven approaches with
organic chemistry, focusing on retrosynthetic analysis and reaction prediction. Recent
developments in deep learning have focused on the practical implementation of various new
technologies such as graph neural networks (GNNs). GNNs provide direct manipulation of
molecular structures and holds promise for applications such as reaction prediction and
synthetic analysis. The presentation highlights key challenges in the field and provides an
overview of representative approaches to address them. Additionally, we also consider
building pre-trained models using large-scale deep learning models because large-scale models
such as ChatGPT have recently gained attention. We demonstrate advances by using these
innovative approaches and shows a roadmap of our ongoing research on the fusion of Al and
organic chemistry.

Keywords : retrosynthesis; reaction prediction; graph neural network, foundation model
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1) S.Ishida, K.Terayama, R.Kojima, K.Takasu, Y.Okuno: Al-Driven Synthetic Route Design
Incorporated with Retrosynthesis Knowledge. In Journal of Chemical Information and Modeling,
2022.

2) R.Kojima, S.Ishida, M.Ohta, H.Iwata, T.Honma, Y.Okuno: kGCN: a graph-based deep learning
framework for chemical structures. In Journal of Cheminformatics, Springer, Vol. 12 pp. 1-10, 2020.

3) T.Sagawa, and R. Kojima:ReactionT5: a large-scale pre-trained model towards application of
limited reaction data. arXiv preprint arXiv:2311.06708 (2023).
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Recent Advances in Operating Protein Folding
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Understanding the dynamic assembly of protein disulfide isomerase enzymes during their
catalytic reaction (!Frontier Research Institute for Interdisciplinary Sciences, Tohoku

University) OMasaki Okumura'
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In the human endoplasmic reticulum, there are more than 20 types of enzymes, the Protein
Disulfide Isomerase (PDI) family, which catalyze the disulfide-coupled protein folding.
Therefore, PDI family control the quality of a large number of proteins such as IgG and insulin.
In this presentation, I would like to introduce the de novo designed compounds based on
biological understanding of the PDI family enzymes, and discuss the future of smart chemistry
that supports the quality of biopharmaceuticals.

1) A unique leucine-valine adhesive motif supports structure and function of protein disulfide isomerase
P5 via dimerization. M. Okumura, S. Kanemura, M. Matsusaki, M. Kinoshita, T. Saio, D. Ito, C.
Hirayama, H. Kumeta, M. Watabe, Y. Amagai, Y.H. Lee, S. Akiyama, K. Inaba K, Structure. 2021, 29,
1357.

2) Dynamic assembly of protein disulfide isomerase in catalysis of oxidative folding. M. Okumura, K.
Noi, S. Kanemura, M. Kinoshita, T. Saio, Y. Inoue, T. Hikima, S. Akiyama, T. Ogura, K. Inaba K, Nat
Chem Biol. 2019, 15, 499.

3) Semi-enzymatic acceleration of oxidative protein folding by N-methylated heteroaromatic thiols. S.
Okada, Y. Matsumoto, R. Takahashi, K. Arai, S. Kanemura, M. Okumura, T Muraoka, Chem. Sci. 2023,
14, 7630.
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Antibody Engineering in Chugai (Chugai Pharmaceutical Co., Ltd.) Taichi Kuramochi

Chugai Pharmaceutical has established a competitive edge in the growing antibody drug
market by developing innovative antibody technologies. Recycling antibody®, which
dissociates from antigens under acidic conditions, and Sweeping antibody®, which reduces
antigen concentrations by enhancing the uptake of antibody-antigen complexes, in the blood
improves patient convenience by enabling intravenous (iv) to subcutaneous injection (sc).
Switch antibody™ binds to antigens only in ATP's presence, potentially minimizing side effects.
We have also developed bispecific antibodies like Hemlibra and TRAB™, which offer unique
mechanisms of action by binding to more than one antigen. The Dual-Ig® technology, capable
of binding to two different antigens, is being used to develop a next-generation TRAB™ for
enhanced antitumor efficacy. Chugai has also created an antibody that binds various peptides
associated with Celiac disease. In this presentation, in addition to an overview of these antibody
technologies, examples of the application of these antibody technologies in projects will be
presented.

Keywords : Antibody; Engineering

HANRLE X TR R PR BN 2 B 5 2 & T B E L QW D PURE SRS T
BT DB 2L U CE 7o, BBVESRIE T CHURD GBS 2 U A 7 U 7t
KO0, PUR-PUFRE S IROE Y iAZA & g8l L Tl OFUFRIRE 280 SE 5 A4 —F
VTHURNL, RIS B B RIS~ DB B RIS OB B A A REIC L, BEOFE
Pz LS TWD, A4 v FHAEME ATP OFFE T TOALFURICHS L. BITEH %
B/NRICH 2 5 AT REME AN S D, £ 7=, Hemlibra X° TRAB™72 &0 B BMHUAIL,
— 2L EOHIRIZHEST 5 2 & THAEOIERET 2 EBL LT, 1 DOFURKES KA A
VIR 2 DD BRI D PRI AT HHES & RO Dual-Ig¥Hff i1, HulEE Rz 5%
WA D TRAB"OBARIZFIH SN TS, 612, BT v Z7IRICEET HEk % 72
RTF RICHEAT D =— 7 R A FFOPURDIERICE D) L e, KT LB T —
2 VTl IS OHEREMROMEINZ T, 7uy=27 b TO AL OHKREMD
JSRB BT 5,

© The Chemical Society of Japan -A1433-1am-02 -



A1433-1am-03 AZ(b2a B1045SE2 (2024)

NAFEERDOLF21S5 M)A I VR ~LZFEHOARMGE
& RE
(EISCAERE ) OFid WIT ! - F1l EE ' - 42m 07!

Regulatory science for biopharmaceuticals -Usefulness and issues of chemical modification-
('National Institute of Health Sciences) O Akiko Ishii-Watabe', Michihiko Aoyama', Hiroko
Shibata'

As suggested by the fact that many products have been developed and approved to date,
biopharmaceuticals often have excellent pharmacokinetics as drugs in addition to high target
specificity because the active ingredients are high molecular weight recombinant proteins.
However, there are also products with chemical modification intending to improve thier
efficacy and safety. Typical examples are modification with acyl chains or PEG to improve
pharmacokinetics, and modification of cytotoxic drugs to enhance antitumor effects. The
development of biopharmaceuticals, which are complex and generally unstable molecules,
requires advanced technology, and one of the challenges in ensuring quality is the evaluation
and control of protein aggregates. This is also applicable to chemically modified products,
which require appropriate evaluation of aggregates in addition to the selection of more stable
molecules and formulations during the development. This presentation will outline the
regulatory science approach to ensure the quality and safety of biopharmaceuticals and
introduce recent research results on methods for evaluating aggregates and the off-target
cytotoxicity of antibody-drug conjugates, which are representative examples of chemically
modified biopharmaceuticals.

Keywords : Biopharmaceuticals, Chemical modification, Regulatory science, Antibody-drug
conjugate, Protein aggregates
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Development of photoelectric conversion materials for organic photodetector (OPD)
ORyota Shimomura, Taichi Toyama, Hikaru Tanaka, Kazutake Hagiya (TOYOBO CO., LTD.)

E-mail: ryota_shimomura@toyobo.jp

A photodetector is a type of photodiode that converts light intensity into an electrical signal. We are
focusing on the development of various organic materials by utilizing our advanced organic synthesis
technology. As a result, we have succeeded in developing a prototype OPD module with a world-class
dark current value of less than 10 A/cm? when a voltage of -5 V is applied, which is a standard for
practical use. Thus, it is possible to detect light that is much weaker than that of ordinary silicon
photodiodes. In the future, Toyobo is committed to creating a safer society that gives people peace of
mind by putting into practical use as soon as possible the material for advanced photosensors which
require low dark current used for IoT electrical appliances, fingerprint authentication devices.
Keywords: Photoelectric conversion material, Organic photodetector, Organic chemistry
[#E]
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1)2022 43 H 28 HfF Y7V AYY—2R https://www.toyobo.co.jp/news/2022/release_1308.html
2) Liu, X.;, Lin, Y.; Liao, Y.; Wuab, J.; Zheng, Y., J. Mater. Chem. C, 2018, 6, 3499-3513.
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Development of high-performing perovskite photoelectric devices (I2ZCNER, Kyushu Univ.)
(OToshinori Matsushima

Halide perovskites can be used for many photoelectric devices with excellent performance.
In Kyushu University, we demonstrated durable perovskite solar cells by understanding their
degradation mechanisms [ACS Applied Energy Materials]. By choosing a suitable organic
cation, we were able to increase external quantum efficiency of perovskite LEDs from ~3% to
~12% [Nature Photonics]. We found that ion migration and Auger recombination were the
possible sources of efficiency roll-off happening in perovskite LEDs operating at high current
densities [ACS Applied Materials & Interfaces]. We fabricated perovskite field-effect
transistors exhibiting high hole mobilities of > 10 cm? V! s7!. We clarified the relationship
between the perovskite film composition and the laser threshold in photoexcited perovskite
films [Physical Chemistry Chemical Physics]. We first demonstrated continuous-wave lasing
from optically pumped perovskite films at room temperature in air [Nature]. We observed
efficient electroluminescence from LEDs, in which an organic emitter is dispersed into a
perovskite host layer [Advanced Materials]. We were able to reduce driving voltages or
increase a total device thickness by introducing high-mobility perovskite transport layers into
organic LEDs [Nature].

Keywords : Halide perovskite; Solar cells, LEDs,; Carrier transport
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Infrared light energy conversion -Aiming to realize transparent solar cells-

(! Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan.)
(OMasanori Sakamoto!

Solar radiation is the most abundant renewable energy source; however, its overall
utilization remains inefficient as half of the energy is in the form of infrared (IR) light,
which cannot be harnessed due to its low energy. The presenter investigated the method
for converting the infrared light, an unused renewable energy source, into an energy
resource. In this lecture, presenter will introduce the mechanism of energy conversion
of infrared light and applications for various transparent devices.

Keywords : Infrared light; Photo energy conversion, Photo-induced Carrier transfer,
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Highly efficient solar hydrogen production using a
photovoltaic-water splitting electrolyzer system

(Department of Materials Science and Technology, Niigata University) OMasayuki Yagi
Keywords: Water splitting; Solar hydrogen production; Photovoltaic cell; Oxygen evolving
reaction

Hydrogen (H») is a promising sustainable energy carrier alternative to fossil fuels for
the future global energy demand due to its high mass energy density and zero emissions of
greenhouse gases. Water splitting driven by a renewable energy source is one of the most
promising sustainable and eco-friendly approaches for H, production with zero CO.
emission. Development of efficient and robust electrolyzer equipped with an anode and a
cathode for oxygen and hydrogen evolving reactions (OER and HER), respectively is
indispensable for H, production via water splitting.

We report the mixed metal oxide film of FeNiWO, adhering rigidly on a nickel foam
(NF) electrode prepared via a mixed metal-imidazole casting (MiMIC) method. The
FeNiWO, electrode showed the very low overpotentials of 70! = 167 mV (The
superscripts represent the attained current densities of 10 mA ¢cm) with a Tafel slope of 49
mV dec! and at least 100 h stability in OER, which compare advantageously with only a
few state-of-the-art OER anodes with excellent 702'° < 200 mV. The electrochemical data
indicate synergistic coupling among ternary metal centers of Ni, Fe and W to decrease the 1
value.! On the other hand, We also report a Pt/NiO, composite film deposited on a NF
electrode via the MiMIC method to demonstrate extremely efficient and stable HER

10 — 100 —

performance with overpotentials of #m,'” = 4.2 and #m 26.6 mV at geometrical current
densities of 10 and 100 mA cm™, respectively in 1.0 M KOH solutions, which are the lowest
overpotentials among state-of-the-art cathodes for HER to the best of our knowledge. The
mass activity (0.42 A cm™ mgp') of the Pt/NiO, composite film at 71> = 50 mV is 60 times
higher than that of the commercial 10 wt % Pt/C film on the NF electrode as a commonly
used HER electrocatalyst. The extremely stable HER electrocatalysis was first demonstrated
at the high current density of -100 mA cm? for 60 h in 1.0 M KOH solutions. This study
opens up a new avenue towards practical application of the electrolyzer equipped with the
FeNiWOx film and the Pt/NiOy composite film as an efficient OER anode and HER cathode

to large-scale and commercial systems for water splitting.

Reference

1. Z. N. Zahran, E. A. Mohamed, Y. Tsubonouchi, M. Ishizaki, T. Togashi, M. Kurihara, K. Saito, T.
Yui, M. Yagi, ACS Appl. Energy Mater., 2021, 4(2), 1410-1420.

2. Z. N. Zahran, Y. Tsubonouchi, D. Chandra, T. Kanazawa, S. Nozawa, E. A. Mohamed, N. Hoshino,
M. Yagi, J. Mater. Chem. A, in press.
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Handling of Chemical Data for Use in Experiments (School of Science and Technology, Meiji
University) OHiromasa Kaneko

By using chemical data, a mathematical model y=f(x) can be constructed between features
x such as synthesis and process conditions including raw materials and reaction conditions, and
objective variables y such as properties and activities of molecules and materials. Then, we can
predict new experiments, propose efficient ways to proceed with experiments, and design x
values for which y has target values. In addition to the research related to chemical data and
models, networking among researchers and social awareness activities will be presented.
Keywords : Chemical Data, Machine Learning Model, Experimental Design, Collaborative
Research, Online Salon
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Development of a machine learning model that enables "extrapolative" search and its
application to the search for new catalysts effective for CO, reduction reactions (Research
Institute for Chemical Process Technology, National Institute of Advanced Industrial Science
and Technology (AIST)) OShinya Mine

Data-driven materials development, which uses machine learning (ML) and other
artificial intelligence (Al) techniques to accelerate the development of materials and catalysts,
is attracting attention. Successful examples of "optimization research" with defined rules and
goals are already emerging, including significant reductions in development time and cost. On
the other hand, the development of truly innovative materials and catalysts has yet to be
achieved. This is because conventional Al technology cannot suggest information that is not
contained in the data. In addition, the significant time and cost involved in collecting high-
quality experimental data for learning also hinders the spread of data-driven research. In other
words, there is a need to develop new ML approaches that can explore "extrapolated regions"
of the training dataset and that can be used even with relatively small datasets.

In this talk, we will present the ML model we developed that enables "extrapolative"
search. Furthermore, we will present a case study in which we found a multi-element catalyst
effective for the reverse aqueous gas shift reaction to synthesize CO from CO2/H2 by using
the developed ML model and running a closed loop of experiment (evaluation) <> machine
learning starting from a small set of training data.

Keywords : Machine Learning; Heterogeneous Catalysts; CO; Reduction
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Application of Chemoinformatics and Quantum Chemistry for Reaction Process Design
(‘Transition State Technology Co. Ltd., *National Institute of Advanced Industrial Science and
Technology, *Graduate School of Sciences and Technology for Innovation, Yamaguchi
University, *Data Science Center, Nara Institute of Science and Technology) O Toru
Yamaguchi,' Yuujirou Matsuo,' Kenji Hori,'** Kimito Funatsu*

In recent years, with the development of Al technology, computer chemistry, represented by
chemoinformatics and quantum chemical calculations, has been attempted to develop new
compounds and their synthetic routes. Although there is still a gap between computed virtual
results and practical design and operation of production equipment, we aim to resolve this gap
by combining computer chemistry focusing on the TS motif method"” with minimal
experiments utilizing flow and droplet methods. We call this approach “Digital Driven
Chemistry”. In “Digital Driven Chemistry”, computer chemistry plays (1) synthesis routes
designing, (2) screening by quantum chemical calculations, and (3) accurate rate simulations
based on reaction kinetics”. In this lecture, we will introduce examples of utilities of the TS
motif method with Transition State Database and self-organizing maps, and of reaction kinetics
simulations with quantum chemical calculations in relation to (2) and (3) respectively.

The part of this research is based on results obtained from a project, JPNP19004,
commissioned by the New Energy and Industrial Technology Development Organization
(NEDO).

Keywords : Digital Driven Chemistry; Transition State Database; TS Motif Method, Self-
organization Map, Kinetics Simulation
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1) K. Hori, T. Yamaguchi, Chemistry and chemical industry, 2019, 70, 12, 858.
2) T. Yamaguchi, H. Yamada, K. Hori, Kagaku Kougaku Ronbunshu, 2017, 43,2, 111
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Social implementation of next generation antibody “VHH (variable domain of heavy chain of
heavy-chain antibody)”('Epsilon Molecular Engineering, Japan, >Graduate School of Science
&Engineering, Saitama University, Japan) Naoto Nemoto!-

In 1993, An antibody with a molecular shape different from IgG (VHH) was discovered in
camelids. The novel antibody with only three fingers (antigen recognition sites) on the heavy
chain. has the same affinity and specificity as conventional antibodies, The VHH domain is
attracting attention as a next-generation antibody because of its developability using protein
engineering and its productivity by bacteria. However, its social implementation poses different
challenges than conventional antibodies. Antibody production generally begins with
immunizing a small animal such as a mouse with an antigen. On the other hand, camelids are
a large class of mammals, and require pasture to raise them, as well as large amounts of antigens
for immunity. In other words, producing VHH antibodies requires incomparable costs and time
compared to conventional antibodies. In fact, Ablynx of Belgium launched the first VHH
antibody (‘“nanobody” under Ablynx's trademark) drug Caplacizumab in 2018, it took 25 years
after the discovery of VHH, and only several VHH drug candidates have been developed. To
solve this problem, EME has succeeded in developing a screening system that develop the
desired VHH antibody rapidly and inexpensively through in vitro evolution without using
animals by a unique display technology using a cell-free translation system called cDNA
display, which is a core technology of evolutionary molecular engineering. VHH antibodies,
which previously took more than a year to obtain, can now be obtained in about a month. In
addition to pharmaceuticals that utilize the strong points (e.g., small size, thermostability, etc.)
of VHH antibodies, we expect that their social significance will further increase by applying
them to the field of diagnostic agents.

Keywords: VHH, Nanobody, Evolutionary Molecular Engineering, cDNA display, In Vitro
Selection
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1) cDNA display: a novel screening method for functional disulfide-rich peptides by solid-
phase synthesis and stabilization of mRNA-protein fusions, Yamaguchi J, et al., Nucleic
Acids Res, 2009, 37, ¢108.

2) VHHIAD L DEHRLRIRT TO0—F, TEBRE BAREN, EREZEFE
AEDAFEMEA LD S REZE ) (FEL3T), 2022, 40, 97-106
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Development of smart nanomachines based on polymeric micelles for delivery of
biopharmaceuticals (Institute of Innovative Research, Tokyo Institute of Technology)
(ONobuhiro Nishiyama

Recently, biopharmaceuticals such as nucleic acids, proteins and viruses have been receiving
increasing attention, and drug delivery systems (DDS) to improve efficacy and safety are
essential for their practical application. In this regard, we have studied on smart nanomachines
based on polymeric micelles, which are core-shell nanoparticles. In order to apply such smart
nanomachines to the delivery of biopharmaceuticals, we believe that new material design is
necessary. In this lecture, I would like to talk about the new core and shell designs of
polymemeric micelles for the delivery of biopharmaceuticals.

Keywords :Polymeric Micelle; Nucleic Acid Delivery, Protein Delivery, Cancer Therapy
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1) A.-H. Ranneh et al., Angew. Chem. Int. Ed. 2018, 57, 5057.
2) A. Awaad et al., J. Control. Release 2022, 346, 392.

3) Y.-J. Sung et al., Cancer Sci. 2022, 113, 4339.

4) X. Shen et al., J. Control. Release, 2023, 360, 928.

5) Y. Honda et al., Biomacromoecules 2020, 21, 3826.

6) Y. Honda et al., ACS Appl. Mater. Inter. 2021, 13, 54850.
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New trends in adherent spheroids pioneered by MicoCell™ - Shining cells ('N/PPON
SHOKUBAI CO.,LTD.) OTomomi Makino', Emiko Nagao'

In cell culture, three-dimensional cell culture has been investigated with the aim of making
cells in the laboratory that are close to the conditions in vivo.

MicoCell, a three-dimensional cell culture container developed by Nippon Shokubai, is a new
container in which cells form adherent spheroids while moderately adhering to the substrate.
Spheroids cultured on MicoCell form adherent spheroids due to the characteristics of the
material, so the culture surface can be flattened, making it easier to observe cells and preventing
cell loss in the medium exchange.

In addition, by providing shallow compartments on the culture surface of the container, it is
possible to obtain a large amount of spheroids with moderate particle size, obtained adherent
spheroids suggested improved specific cell functions and higher undifferentiated stem cell
properties compared to two-dimensional cultured cells and non-adherent spheroids.

In this presentation, we will introduce the characteristics of MicoCell, a new culture method
for forming adherent spheroids, as well as examples of its culture and applications.

Keywords : three-dimensional cell culture, spheroid, life science, regenerative medicine, Drug
discovery support
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Original DNA synthesis technology supporting the development and production of gene-cell
therapy and mRNA medicine (' Synplogen Co., Ltd.) oNaoyuki Yamada'

Among the new types of drugs (new modalities), such as antibody drugs, gene-cell therapies,
mRNA vaccines and mRNA medicines are manufactured using biotechnology, and DNA is an
important raw material that serves as the blueprint for all of them. The OGAB® method"?, a
proprietary DNA synthesis technology developed in Japanese academia, can synthesize DNA
sequences that are difficult to synthesize and DNA chains as long as 100 kbp using other
methods. The new production and development of gene-cell therapeutics and mRNA vaccines
utilizing the features of the OGAB® method will be presented.

Keywords : DNA synthesis, gene therapy, cell-therapy, mRNA vaccine and drug
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1) One step assembly of multiple DNA fragments with a designed order and orientation in Bacillus
subtilis plasmid, K. Tsuge, K. Matsui, and M. Itaya, Nuclei. Acids Res., 2003, 31, e133.

2) Method of preparing an equimolar DNA mixture for one-step DNA assembly of over 50 fragments,
K. Tsuge, et al., Sci. Rep., 2015, 5, 10655.
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Informatics Applications in Pharmaceutical Process Development: From the Basics to the Front
Line ('"DAIICHI SANKYO CO., LTD.) OYuji Kaiya'

The use of informatics in drug process development is anticipated to enhance the consistent
delivery of high-quality drugs, expedite development, and reduce costs. Pharmaceutical
process development encompasses various stages, from designing the manufacturing process
and equipment for production to validating the entire manufacturing process. A common
challenge in these processes is understanding, optimizing, and controlling the relationship
between input variables (e.g., reagent types, temperature, time) and output variables (e.g.,
quality, yield). In this presentation, we will introduce how informatics can be utilized to design
the relationship between input and output variables at various stages of process development.
As an example of informatics applied to process development, we will discuss mathematical
models that describe the relationship between inputs and outputs, and the accumulation of data
that is an essential element in building such models. Informatics plays a significant role in
streamlining the entire process development cycle, where data is accumulated through
experimentation and manufacturing, and these data, along with mathematical models, are
utilized to understand and optimize the process. The future prospects of informatics in this
context will also be discussed.

Keywords : Process Chemistry, Statistical Analysis; Machine Learning; Informatics;
Laboratory Automation
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1) Destro, F. & Barolo, M. A review on the modernization of pharmaceutical development and

manufacturing — Trends, perspectives, and the role of mathematical modeling. /nt. J. Pharm. 2022, 620,
121715.
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Use of Information Science and Robotics for the Automation of Experiments in Organic
Synthetic Chemistry (WPI-ICReDD, Hokkaido University)
OYuuya Nagata

In synthetic organic chemistry research, researchers spend a large proportion of their time
investigating various conditions, and speeding up the process is an important issue that directly
affects the acceleration of research. Our group is tackling to speed up and improve research
efficiency by actively utilizing experimental automation robots and combining informatics and
theoretical chemistry.

In particular, the direct connection of automated robots with various analyzers enables rapid
analysis of experimental results. Currently, we have constructed a smart synthesis system that
directly connects a supercritical fluid chromatography (SFC) system, a mass spectrometer,
flow-type NMR and FT-IR systems, UV-visible spectrophotometer, and spectrofluorometer to
an automated synthesis robot, and is utilizing the system for various studies (Figure 1)."* This
presentation will discuss the use of automated experimental robots in synthetic organic
chemistry research through research cases.

Keywords: Automated Synthesis Robot; Theoretical Chemistry; Information Science
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(1) Shirasawa, R.; Takemura, I.; Hattori, S.; Nagata, Y. Commun. Chem. 2022, 5, 158.
(2) Tsuji, N.; Sidorov, P.; Zhu, C.; Nagata, Y.; Gimadiev, T.; Varnek, A.; List, B. Angew. Chem. Int.
Ed 2023, 62, €202218659.
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Immunological response to PEG: Induction of anti-PEG antibodies and their influence in the
PEGylated materials

(*Graduate School of Pharmaceutical Sciences, Tokushima University) OTatsuhiro Ishida,'

PEG is considered as non-toxic and non-immunogenic materials. PEGylation to proteins,
peptides, nucleic acids and nanocarrierss can suppress their immunogenicity and in turn
improve their pharmacokinetics. However, an emerging body of evidence is emphasizing the
existence of naturally occurring (pre-existed) anti-PEG antibodies in normal individuals who
have never received PEGylated therapeutics. When PEGylated therapeutics were given to such
individual, the formulations might display unexpected pharmacokinetic behavior, resulting in
less therapeutic efficacy or even cause undesirable side-effects. Accordingly, a deep
understanding of the prevalence and clinical implications of anti-PEG immunity is a
prerequisite for the continual clinical application of PEGylated therapeutics.

Keywords : PEG; Anti-PEG antibody, Spleen;
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Synthesis and biofunctional analysis of cell surface glycoconjugates for understanding their
immunomodulatory functions (Graduate School of Science and Technology, Keio Universit)
Yukari Fujimoto

Various microbial and endogenous glyco- and lipid-conjugates of cell membrane activate the
immune system via interaction with the innate immune receptors and lipid-antigen presenting
proteins. We have established various glyco- and lipid-conjugates syntheses and built the
compound library, including glycoconjugates having phosphatidyl inositol (PI)" or
sphingolipid (SL),” and also some kinds of phospholipids such as cardiolipin (CL). Glycolipids
such as GPI having an PI structure are known to share common skeleton structures in
eukaryotes, and unique structures derived from microorganisms have also been reported. We
have synthesized and analyzed these glycolipids, such as protozoan lyso-type Pls or related
structures, and observed their affinity to lipid-antigen presenting CD1d, activation of innate
immune receptors, and selective cytokine-inducing activities. The established synthetic method
enabled the first-time synthesis of AciPIMi, one of the phosphatidylinositol mannosides (PIMs)
derived from Mycobacterium tuberculosis.” Using the synthesized compounds, it was also
shown that Ac;PIM; is an important key structure involved in activation as an innate immune
receptor DCAR agonist. The immunobiological functions and their application of PI-, SL-
related compounds, and also other microbial lipid structures? based on the structure-
immunoactivity relationships will be also introduced.

Keywords : Glycoconjugate, Organic Synthesis, Immunomodulation, Innate Immunity, Lipid
Antigen
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1) a) Aiba, T., Suchara, S., Choy, S.-L., Maekawa, Y., Lotter, H., Murai, T., Inuki, S., Fukase, K.,
Fujimoto, Y. Chem. Eur. J. 2017, 23, 8304. b) Choy, S. L., Bernin, H., Aiba, T., Bifeld, E., Lender, S. C.,
Miihlenpfordt, M., Noll, J., Eick, J., Marggraff, C., Niss, H., Roldan, N. G., Tanaka, S., Kitamura, M.,
Fukase, K., Clos, J., Tannich, E., Fujimoto, Y., Lotter, H. Sci. Rep. 2017, 7, 9472. c) Aiba, T., Sato, M.,
Umegaki, D., Iwasaki, T., Kambe, N., Fukase, K., Fujimoto, Y. Org. Biomol. Chem. 2016, 14, 6672.

2) a) Inuki, S., Hirata, N., Kashiwabara, E., Kishi, J., Aiba, T., Teratani, T., Nakamura, W., Kojima, Y.,
Maruyama, T., Kanai, T., Fujimoto, Y. Sci. Rep. 2020, 10, 15766. b) Inuki, S., Kashiwabara, E., Hirata,
N., Kishi, J., Nabika, E., Fujimoto, Y. Angew. Chem. Int. Ed. 2018, 57, 9655. c) Kishi, J., Inuki, S.,
Kashiwabara, E., Suzuki, T., Dohmae, N., Fujimoto, Y. ACS Chem. Biol. 2020, 15(2), 353.

3) Arai, Y., Torigoe, S., Matsumaru, T., Yamasaki, S., Fujimoto, Y. Org. Biomol. Chem. 2020, 18, 3659.
4) a) Matsumaru, T., Sueyoshi, K., Okubo, K., Fujii, S., Sakuratani, K., Saito, R., Ueki, K., Yamasaki,
S., Fujimoto, Y. Bioorg. Med. Chem. 2022, 75, 117045. b) Matsumaru, T., Sakuratani, K., Yanaka, S.,
Kato, K., Yamasaki, S., Fujimoto, Y. Eur. J. Org. Chem. 2022, €202200109.
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Unveiling the multi-functionality of "Plant modification molecules” for their tailor-made
regulation (Institute of Transformative BioMolecule, Nagoya University) O Yusuke Aihara

Plants produce various kinds of highly reactive molecules, referred to in this study as plant
modification molecules (PMMs). Although some PMMs has been utilized as spices or
medicines, their physiological effects in planta remain largely unexplored. My study focusses
on one PMM, isothiocyanate (ITC), and explores their multiple target proteins and
physiological functions in Brassicales plants. Our group recently identified benzyl-
isothiocyanate as a promising inhibitor on plant stomatal opening. We further developed BITC-
derivatives with higher inhibitory activity on stomatal opening, as well as a longer duration of
the effect and negligible toxicity, which we have named “super-ITCs”.! Using newly-developed
ITC probes, we are on the way to identifying the target proteins responsible for stomatal
opening or other multiple plant functions. Discovering the mechanism of action of ITCs that
determines its target specificity at the molecular level, will ultimately enable development of
“tailor-made” ITCs whose physiological effects are specifically optimized.

Keywords : Plant modification molecules, Isothiocyanate, Chemical Biology
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1. Aihara,Y. et al.,, Nat Commun 14, 2665 (2023).
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Approach to Cell Biology Relying on Organelle-selective Organic Chemistry (‘Department of
Synthetic Chemistry and Biological Chemistry, Kyoto University, *ERATO, Japan Science and
Technology Agency)Oltaru Hamachi,' 2

Phospholipids are one of the central components in cell membranes and these dynamics
should give substantial impacts on many events of living systems. In contrast to proteins and
DNA/RNA, however, their roles in live cell context are yet unexplored due to the insufficient
progress of analytical methods. My group recently developed a novel method of organelle-
selective phosphatidyl choline labeling/imaging, which now can be applied to discovery of
genes involved in lipid metabolism in live cells, by combination of CRISPR KO cell library
and FACS cell sorting analyses.

Keywords : Organelle; Lipid; Imaging, Chemical biology, Cell biology
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1) Organelle membrane-specific chemical labeling and dynamic imaging in living cells. T. Tamura, A.

Fujisawa, M. Tsuchiya, Y. Shen, K. Nagao, S. Kawano, Y. Tamura, T. Endo, M. Umeda, 1. Hamachi,
Nature. Chem. Biol. 2020, 75, 7644.

2) Organelle-selective click labeling coupled with flow cytometry allows pooled CRISPR screening of
genes involved in phosphatidylcholine metabolism. M. Tsuchiya, N. Tachibana, K. Nagao, T. Tamura, 1.
Hamachi, Cell. Matab. 2023 35, 1072.

3) Chemical profiling of the endoplasmic reticulum proteome using designer labeling reagents. A.
Fujisawa, T. Tamura, Y. Yasueda, K. Kuwata, I. Hamachi, J. Am. Chem. Soc., 2018 140, 17060.
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The eDNA Monitoring Network 'ANEMONE': possible contributions of natural science to
Nature Positive (Graduate School of Life Sciences, Tohoku University) OMichio Kondoh

The global target, Nature Positive, aims to reverse the present negative trend of biodiversity
into a positive one by 2030. If we view complex ecosystems as natural capital, Nature-
Positivity can be interpreted as addressing the optimization of their management and operation.
Utilization of environmental DNA (eDNA), a method for ecosystem assessment derived from
biological DNA present in the natural environment, holds a significant role in achieving this
objective through the provision of large-scale ecosystem data. This presentation introduces the
eDNA-based biodiversity monitoring network, ANEMONE established by academic and
governmental scientists of Japan in 2019. Currently, ANEMONE operates 77 fixed monitoring
stations, receiving support from universities, research institutes, and local governments. Since
2020, local citizens have actively participated in eDNA-based surveys, and their involvement
continues to grow annually. These valuable data are made accessible to the public through
ANEMONE DB, a dedicated database maintained at Tohoku University. In recognition of the
vast potential of eDNA monitoring data in addressing a broad spectrum of nature-related social
issues, a consortium was established on June 1, 2022, encompassing academia, government
bodies, and private sectors. This collaborative effort aims to explore and harness the
transformative power of eDNA data for innovative solutions for Nature Positive

Keywords : Nature Positive; biodiversity, environmental DNA; ecology, data-driven approach
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Precision Synthesis of Biomimetic Soft Materials: Anisotropy, Autonomy, and Polarity
(RIKEN) Yasuhiro Ishida

Soft materials have attracted increasing attention due to their lightness, flexibility, and
biological mimicry. However, comparing artificial soft materials with biological tissues, the
former are isotropic while the latter are macroscopically anisotropic. We have developed
anisotropic soft materials by magnetically orienting nanostructures in water followed by in-situ
polymerization. In the resulting materials, the mutual interference between the nanostructures
is maximized, so that they often exhibit special properties and functions. This talk will present
recent examples of materials that are not only anisotropic, but also have autonomy and polarity.

Keywords: Gels,; Colloids, Magnetic Orientation, Soft Materials
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1) Adv. Mater. 2013, 25, 2462. 2) ACS Nano 2014, 8, 4640.

3) Nature 2015, 517, 68. 4) Nat. Mater. 2015, 14, 1002—-1007.

5) Nat. Commun. 2015, 6, 8418. 6) Angew. Chem. Int. Ed. 2015, 54,13284.

7) Nat. Commun. 2016, 7, 12559. 8) Angew. Chem. Int. Ed. 2018, 57, 2532.

9) Angew. Chem. Int. Ed. 2018, 57, 12508. 9) Angew. Chem. Int. Ed. 2018, 57, 15772.
11) J. Am. Chem. Soc. 2018, 140, 17807. 12) Nat. Commun. 2020, 11,2311.

13) Nature 2020, 580, 210 14) Nat. Commun. 2020, 11, 6020.

15) J. Am. Chem. Soc. 2021, 143, 16356. 16) Nat. Commun. 2021, 12, 6771.

17) Science 2023, 380, 192 18) Angew. Chem. Int. Ed. 2023, 62, ¢202311451.
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An approach towards precise control of alignment of conjugated molecules and polymers.
(‘Recearch Center of Macromolecules and Biomaterials, National Institute for Materials
Science) OMasayuki Takeuchi

Exploration of a general principle to control the morphology and electronic state of m-
conjugated molecule/polymer-based assemblies, which could lead to the creation of various
functional materials with optimized m-electronic properties, has been an important research
target in supra- and macro-molecular science. Through the control and modulation of molecular
interactions, various kinds of self-assembled organic nanostructures with different
morphologies have been reported. However, self-assembly of rationally designed molecular
components into a prerequisite ensemble, which enhances its functional properties, still
remains a great challenge. Here we report on our three-dimensional design of m-conjugated
molecules and polymers for exploration of functioning structures and assemblies, which leads
to the creation of various functional organic materials with optimized optoelectronic properties.

Keywords : m-conjugated molecule/polymer,; Supramolecular Assemblies; Molecular
Machinery
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1) S. K. Keshri, T. Ishizuka, T. Kojima, Y. Matsushita, M. Takeuchi, J. Am. Chem. Soc. 2021, 143,
3238-3244.

2) S.K. Keshri, A. Takai, T. Ishizuka, T. Kojima, M. Takeuchi, Angew. Chem. Int. Ed. 2020, 59, 5254-
5258.
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Fabrication of unprecedented nanoscale materials by precisely arranging atomic layers and
crystal phases for novel functions (/nstitute for Chemical Research, Kyoto University)
(OToshiharu Teranishi

Element substitution reactions are extremely effective for nanoscale inorganic materials with
large specific surface areas and can yield various nanomaterials that cannot be obtained by one-
step synthesis, such as thermodynamically metastable structures. Here, we present the
fabrication of unprecedented nanoscale materials in which the arrangement of atomic layers
and crystal phases is controlled by element substitution reactions of nanoparticles and
nanoparticle assemblies, as well as their unique functions.

Keywords : Element Substitution Reaction; Nanoscale Material; Atomic Layer, Crystal Phase,
Arrangement Control
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1) H.-L. Wu, R. Sato, T. Teranishi et al., Science 2016, 351, 1306.

2) S.Kim, M. Saruyama, T. Teranishi et al., Chem. Sci. 2020, 11, 1523.

3) M. Saruyama, R. Sato, T. Teranishi, Acc. Chem. Res. 2021, 54, 765.

4) Z.Li, M. Saruyama, T. Teranishi et al., Science 2021, 373., 332.

5) K. Endo, M. Saruyama, T. Teranishi, Nat. Commun. 2023, 14, 4241.

6) K. Matsumoto, R. Sato, T. Teranishi et al., Nat. Commun. 2022, 13, 1047.
7) K. Matsumoto, R. Sato, T. Teranishi, Trends Chem. 2023, 5, 201.

8) E. V. Shevchenko, C. B. Murray et al., Nature 2006, 439, 55.

9) L. Wu,C.J. Tassone et al., Nature 2017, 548, 197.

10) F. Nakagawa, M. Saruyama, T. Teranishi et al., J. Am. Chem. Soc. 2022, 144, 5871.
11) M. Saruyama, T. Teranishi et al., Chem. Sci. 2024, in press.
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Robust Artificial Olfactory Devices via Low Dimensional Nanomaterials (' Graduate School of
Engineering, The University of Tokyo, *Institute of Materials Chemistry and Engineering,
Kyushu University) O Takeshi Yanagida'? Tsunaki Takahashi', Takuro Hosomi', Wataru
Tanaka', Jiangyang Liu !

Here I report our recent progress as to robust molecular recognition electronics and squntial
material chemistry in metal oxide nanostructures. In nature, biological olfactory systems (e.g.
olfactory receptors) are highly sophisticated, and can discriminate various odor molecules with
similar structural isomers in a wide concentration range. However, such biological olfactory
systems have faced their limitations for artificial olfactory sensor electronics, because of their
inherent vulnerability. Thus, it has been a long-standing scientific issue in material chemistry
to design robust but molecular selective odor sensing and artificial olfactory systems using
robust materials. In this talk, I will present some recent progress of my research group on robust
odor sensing and artificial olfactory devices by designing metal oxide nanostructures and their
interfaces. I will also discuss that weak van der Waals interactions between hydrophobic
aliphatic alkyl-chains and hydrophilic metal oxide nanostructured surfaces, which have been
highly underestimated as interactions during molecular sensing, play an important role on
electrical sensing on metal oxide sensor surfaces.

Keywords : Metal Oxide Nanostructures; Artificial Olfactory Devices, Squantial Material
Chemnistry on Metal Oxides,; Robust Molecular Recognition; van der Waals Interecations
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1) Nanoscale Thermal Management of Single SnO2 Nanowire: pico-Joule Energy Consumed Molecule
Sensor, ACS Sensors, 1,997 (2016).

2) Rational Method to Monitor Molecular Transformations on Metal Oxide Nanowire Surfaces, Nano
Letters 19, 2443 (2019).

3) Thermally Robust and Strongly Oxidizing Surface of WO; Hydrate Nanowires for Electrical
Aldehyde Sensing with Long-Term Stability, Journal of Materials Chemistry A, 9, 5815 (2021).

4) Impact of Surface Cu?" of ZnO/(CuixZnx)O Heterostructured Nanowires on Adsorption and
Chemical Transformation of Carbonyl Compounds, Chemical Science,12, 5073 (2021).

5) Edge-Topological Regulation for in Situ Fabrication of Bridging Nanosensors, Nano Letters, 22,
2569 (2022).

6) Water-Selective Nanostructured Dehumidifier for Molecular Sensing Space, ACS Sensors, 7, 534
(2022).

7) Impact of Lateral SnO2 Nanofilm Channel Geometry on a 1024 Crossbar Chemical Sensor Array,
ACS Sensors, 7,460 (2022).

8) Unusual Sequential Annealing Effect in Achieving High Thermal Stability of Conductive Al-doped
ZnO Nanofilms, ACS Applied Electronic Materials, 2, 2064 (2020).

9) Robust and Electrically Conductive ZnO Thin Films and Nanostructures: Their Applications in
Thermally and Chemically Harsh Environments, ACS Applied Electronic Materials, 3, 2925 (2021).
Invited Review Paper

© The Chemical Society of Japan -A1424-1pm-04 -



A1424-1pm-05 ARibEs H104EFEA (2024)

ETENBEZIER L £ A FOES

(L KBET ! - ERATO/ISTY) Oieht & 12

Arrangement of Biofunctional Molecules Using non-/out-of- Equilibrium Processes
(‘Department of Synthetic Chemistry and Biological Chemistry, Kyoto University, *ERATO,
Japan Science and Technology Agency)Oltaru Hamachi,"?

Living systems such as live cells elegantly employ many of non-/out-ot-equilibrium steps to
control spatial distribution/functions of biomolecules and the systems dynamics/patterns. The
spatially heterogenous distribution of biomolecules and reaction diffusion steps are crucial for
them, which can produce dynamic instability of biomolecular assemblies and unique pattern
formation. My group has been interested in artificial patterning/arrangement of biofunctional
molecules using non-/out-ot-equilibrium and I here describe several recent examples to discuss
the controlling factors and synthetic molecule design.

Keywords : Peptide; Spatial arrangement, Supramolecular fibers; Out-of-equilibrium;
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1) Visualizing formation and dynamlcs of a three-dimensional sponge-like network of a coacervate in

real time. R. Kubota, T. Hiroi, Y. Ikuta, Y-C. Liu, I. Hamachi, J. Am. Chem. Soc., 2023 145, 18316.
2) Four distinct network patterns of supramolecular/polymer composite hydrogels controlled by

Propagating wave

formation kinetics and interfiber interactions. K. Nakamura, R. Kubota, T. Aoyama, K. Urayama, 1.
Hamachi, Nature. Commun., 2023 14, 1696.

3) Photo-triggered spatially controlled out-of-equilibrium patterns of peptide nanofibers in a self-sorting
double network hydrogel. K. Nakamura, W. Tanaka, R. Kubota, T. Aoyama, K. Urayama, I. Hamachi, J.
Am. Chem. Soc., 2021 143, 19532.

4) Cell-Like Synthetic Supramolecular Soft Materials Realized in Multicomponent, Non-/Out-of-
Equilibrium Dynamic Systems. R. Kubota, I. Hamachi, 4dv. Sci., 2024 10, doi/10.1002/advs.202306830
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Organic Transistor-based Chemical Sensors Functionalized with
Molecularly Imprinted Polymers for Real-Sample Analysis

("Institute of Industrial Science, The University of Tokyo, 2JST PRESTO)

oYui Sasaki'?

Keywords: Organic Transistor; Molecularly Imprinted Polymer; Chemical
Sensor; Real-Sample Analysis

Real samples contain abundant chemical species playing crucial roles in
environmental assessments, food analysis, and diagnosis fields.!
Conventionally, large-sized analytical instruments have been widely applied to
real-sample analysis owing to their accuracy. However, the applicability of such
a well-established instrumental approach is still a concern in on-site analysis
because of the complicated detection principle that requires trained personnel
and time-consuming operation. Chemical sensors are devices comprising
receptors and transducers, of which the detection abilities rely on the design of
each component and their combination.? The requirements for chemical
sensors in the real-sample analysis are high selectivity and sensitivity against
specific analytes. To this end, this presentation proposes a strategy for real-
sample analysis based on fusion technologies of organic electronics, polymer
chemistry, and molecular recognition chemistry.

Biological materials such as enzymes and antibodies have been employed
owing to their favorable specificities to analytes based on the lock-and-key
recognition principle. However, detectable analyte structures are limited by a
library of these biological materials.® Therefore, synthetic receptors based on
molecular recognition chemistry are promising approaches in the design of
recognition sites. In this study, molecularly imprinted polymers (MIPs)*® were
applied to recognition materials for selective detection. MIPs provide three-
dimensional recognition networks against specific analytes because a pre-
organized structure made of a template (i.e., analyte) and functional monomers
can be optimized by quantum chemical calculation methods. Such optimized
MIP structures contribute to selective detection even in the presence of
interferents.

Organic field-effect transistors (OFETs) are electronic devices showing
switching characteristics by applying voltages, which possess inherent
amplification abilities.®” Owing to their beneficial device properties, OFETs
functionalized with appropriate recognition materials contribute to sensitive
detection over conventional electrochemical sensing methods.®° An organic
semiconductive layer can be fabricated by a solution process using high-
soluble organic semiconductive materials, indicating that the sensor
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development is further facilitated owing to its applicability to printing
technologies.'® In sensor design, an extended-gate structure was employed
because of an isolated operation unit (i.e., OFET) from a detection unit (i.e.,
extended-gate electrode) for chemical sensing in aqueous media. The
extended-gate electrode functionalized with MIPs is connected to the gate of
OFET, allowing electrical detection based on changes in the surface potential
of the sensing electrode. According to this detection principle, an OFET-based
chemical sensor functionalized with MIP (MIP-OFET) shows shifts in transistor
characteristics comprising threshold voltages and currents with increasing
analyte concentration (Fig. 1).67

This presentation introduces actual MIP designs for challenging analytes
(i.e., steroid hormones® and chiral drugs®) in molecular recognition chemistry,
characterization of MIP electrodes, OFET fabrication, sensing results using the
MIP-OFET, and the applications for real-sample analysis.

Organic semiconductor Molecularly imprinted polymer
2
~ o)
\ - e o9 Q.
(%2}
b ) Drain ) - o
e , S — | C\W\=+Analyte
Ao Gate = J 2 -

Source g ©
[

OFET Extended gate Ves

[Analyte]

Fig. 1 (a) Schematic illustration of the extended-gate-type OFET chemical
sensor functionalized with MIP for real-sample analysis. Upon analyte detection
on the extended-gate electrode modified by MIP, concentration-dependent
OFET characteristics can be observed. The terms Ves and Ibs indicate gate
voltage and drain current, respectively.

1) A. Jajack et al., Nat. Biotechnol. 2019, 37, 407

2) A. Hulanicki, et al., Pure Appl. Chem., 1991, 63, 1247.

3) H. Prakash, Front. Bioeng. Biotechnol. 2016, 4, 11.

4) K. Haupt and K. Mosbach, Chem. Rev. 2000, 7100, 2495.

5) T. Takeuchi and H. Sunayama, Chem. Commun. 2018, 54, 6243.

6) Y. Sasakiand T. Minami, Phys. Status Solidi A, 2023, 220, 2300469 (Cover).
7) Y. Sasaki and T. Minami et al., ACS Sens. 2019, 4, 2571 (Cover)

8) Y. Sasakiand T. Minami et al., Sens. Actuators B Chem. 2023, 382, 133458.
9) Y. Sasaki and T. Minami et al., J. Mater. Chem. B 2022, 10, 6808.

10)T. Minami et al., Commun. Mater. 2021, 2, 8.
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Membrane curvature sensing peptides as molecular tools for
analysis of bionano vesicles

(Department of Chemistry, Graduate School of Science, Tohoku University) O Yusuke Sato
Keywords: membrane curvature sensing; amphipathic helical peptides; fluorescent probes;
exosomes; enveloped virus

Exosomes, a subgroup of cell-producing bionano vesicles that generally range from 30 to
150 nm, have emerged as novel intercellular communication tools. Much attention has been
paid to understand their functions and to use them for biomedical applications, for which
the analytical methods for detecting exosomes are crucial for these applications. ELISA is
recognized as the gold standard, where surface protein markers such as CD63 and CD9 are
targeted by antibodies. However, surface protein profiles significantly differ by the type as
well as the condition of the parent cells. Thus, the traditional methods that rely on antibody
recognition suffer from the variation in the expression of these protein markers, which
hampers the comparative analysis of exosomes derived from different cell types. In this
presentation, | will introduce our recent efforts on the design of new class of molecular
probes that can target highly curved membranes of exosomes for analytical applications.

I focused on amphipathic helical (AH) peptides capable of sensing the membrane
curvatures for the probe design as highly curved membranes are considered to be a common
trait in exosomes irrespective of the parent cells. C-terminal AH region of human
apolipoprotein A-l1 (ApoC) was coupled with wnvironment-sensitive fluorophore Nile Red
(NR).” The resulting probe, ApoC-NR, exhibited the fluorescence enhancement upon
binding to the synthetic vesicles (liposomes) in a curvature-dependent manner. The binding
of ApoC-NR was found to be primarily driven by insertion of hydrophobic face in a-helical
ApoC unit into the lipid packing defects that result from the mismatch between the actual
membrane curvature and the lipid geometry. ApoC-NR was successfully applied for
fluorescence detection of exosomes derived from various kinds of cells (K562, A549,
BPH-1 and U87MG cells). While the limit of detection (LOD) is comparable to ELISA (ca.
10° particles/uL), our assay exhibits the distinct advantages of simplicity and rapid analysis
due to its “mix and read” procedure. Significantly, the LOD value for these exosomes were
comparable despite the large difference in surface protein prodiles. These results clearly
show that ApoC-NR can serve as a versatile tool for exosome analysis without being
influenced by the variation in the expression of surface proteins. In the presentation, | will
introduce several applications targeting various kinds of bionanovesicles based on AH
peptide-based molecular tools.”

1) Y. Sato, K. Kuwahara, K. Mogami, K. Takahashi, S. Nishizawa, RSC Adv., 2020, 10, 38323-38327.
2) K. Ohira, Y. Sato, S. Nishizawa, ACS Sens., 2023, 8, 522-526.

© The Chemical Society of Japan -A1422-1am-02 -



A1422-Tam-03 The 104th CSJ Annual Meeting

In-vitro diagnostic analysis based on semiconductor-enhanced
Raman spectroscopy

(Department of Chemistry, East China Normal University) OTingting Zheng, Enduo Feng,
Yan Zhou, Jia Liu, Yang Tian

Keywords: surface enhanced Raman scattering; semiconductor nanomaterial; in-vitro
diagnostic analysis,; novel analytical method

Surface-enhanced Raman spectroscopy (SERS) has unique advantages in single-cell
analysis, but still possesses significant challenges. Aiming to the key issues for SERS analysis
at single-cell level, including complex cell environment, low molecular content and
intermolecular interdependence, a series of novel semiconductor Raman substrates were
uniquely constructed for highly sensitive, selective and multi-channel SERS analysis of
molecules associated with Alzheimer's disease.

First, by regulating the semiconductor energy level structure, we proposed a new SERS
method that enhances the Raman signal by promoting charge transfer through level matching
and heterojunction blocking of electron-hole recombination, resulting in a 4-order of
magnitude enhancement of the SERS enhancement factor to 10'® and establishing a highly
sensitive single-cell analysis method. Secondly, we proposed a new strategy for triple
recognition of molecular specificity, level matching, and fingerprint peaks, establishing a
highly selective Raman analysis method for single cells. Finally, by constructing a multi-
channel fiber-optic Raman platform, we designed semiconductor structures that match the
energy levels of multiple recognition molecules and achieved multi-channel simultaneous
analysis of single neurons, providing a more reliable analysis method for exploring the
pathogenesis of Alzheimer's disease.

Reference :

1) E. Feng, T. Zheng, X. He, J. Chen, Y. Tian, Sci. Adv. 2018, 4(11), eaau3494.

2) J. Liu, T. Zheng, Y. Tian, Angew. Chem. Int. Ed. 2019, 58(23), 7757.

3)Y. Zhou, J. Liu; T. Zheng, Y. Tian, Anal. Chem. 2020, 92(8): 5910.

4)Y. Zhou, Q. Gu, T. Qiu, X. He, J. Chen, R. Qi, R. Huang, T. Zheng, Y. Tian, A4ngew. Chem.
Int. Ed. 2021, 60(50), 26260.

5) E. Feng, T. Zheng, X. He, J. Chen, Q. Gu, X. He, F. Hu, J. Li, Y. Tian. Angew. Chem. Int.
Ed. 2023, 62, €202309249.
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Trace Bioanalysis by Ultra-sensitive Capillary Electrophoresis
(Faculty of Science, Kyushu University, ’RIKEN BDR) OTakayuki Kawai,'*

Capillary electrophoresis (CE) is an efficient electro-driven separation technique for small-
volume (~nL) of samples. Although the microscale analytical dimension of CE is quite suitable
for single-cell-level trace bioanalysis, poor sensitivity has hindered the actual application of
CE both in vitro and vivo assays. To address this fatal issue, online sample preconcentration
methods have been developed. Among them, large-volume dual preconcentration techniques
have been developed that allowed efficient sample enrichment by around 1000-fold without
losing separation performance. In addition to LDIS, sensitive detectors were also employed
such as laser-induced fluorescence and nano-electrospray ionization mass spectrometry. By this
approach, ultra-sensitive CE analysis method was developed and coupled with small-volume
sampling methods such as micro-manipulation for capturing single cells and laser micro-
dissection for isolating tissue microenvironment. Metabolome, glycome, and pharmacokinetic
profiling of such tiny samples have been successfully carried out in vitro and in vivo [1-4].
Keywords : capillary electrophoresis; mass spectrometry; ultra-sensitive analysis, single cell
analysis; comprehensive analysis.
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[1] T. Kawai et al., J. Chromatogr. A, 2018, 1565, 138.

[2] T. Kawai et al., Anal. Chem. 2019, 91, 10564.

[3] T. Kawai et al., Anal. Chem. 2021, 93, 3370.

[4] S. Koganemaru and T. Kawai et al., Br. J. Pharmacol. 2023, 180, 762.
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Sensing Based on Microparticle Dissociation in a Combined
Acoustic-Gravitational Field.

(Institute of Pure and Applied Sciences, University of Tsukuba)
O Akihisa Miyagawa
Keywords: Acoustic radiation force, particle dissociation, DNA, gold nanoparticle, density
Sensing based on a particle behavior in the physical field has received increasing
attention. We developed a novel detection principle based on the microparticle dissociation
from a glass plate in a combined acoustic-gravitational (CAG) field.! Anchor, capture, and
target DNAs were modified on a glass plate, silica microparticles (10 um, SPs), and gold
nanoparticles (100 nm, AuNPs), respectively. SPs were immobilized on the glass plate
through weak hybridization (4-6 base pairs (bps), and AuNPs were reacted with SPs through
strong hybridization (20 bps). After the resulting glass plate was set on the cell including
water, 1-MHz ultrasound was applied. The SPs on the glass plate were dissociated due to
the acoustic radiation (Fa) and sedimentation forces (Fsq) When these forces exceed the
binding force (Fyina) between the anchor and capture DNAs. This is because Fi is a function
of the applied voltage (V). The threshold voltage for particle dissociation was followed by,

Foina — Alp" = p)
(Sp’ —p y’) «B

207 +p "y,

where p and y are the density and compressibility of the water, respectively, and the prime
represents the corresponding properties of the particle. 4 and B are the constant values
derived from Fi a4 and Fa, respectively, and « is the device-dependent parameter. this
equation indicates that the threshold ¥ depends on p’. Thus, we can recognize changes in p’
induced by AuNP binding from the difference in the V' change in the CAG field.

The black plots in Figure 1 shows the relationship between V and dissociation percentage
(DP)of SP. The particle dissociation occurred at V=16 -30 V. When AuNPs bind to the SPs,

p of SP increases, resulting in the /' change. 100

The plots in Figure 1 (blue, green, and red)

depict the dissociation of SP with AuNP 8 - .
binding, corresponding to the binding number
ratio of AuNPs to single SP (7aupssp) of 2500, 6 |- ]

DP/ %

5000, and 7500, respectively. Obviously, the
threshold V' decreased according to the raunp/sp.
Using the 50% of the dissociation percentage
for the calibration curve, the detection limit of *f
raunese was 2000, which indicates that the

2000 DNA molecules between SP and AuNPs 5 10 s s 0

ViV

was detectable. Thus, we demonstrated a novel
sensing principle with high sensitivity based on
the particle dissociation. 1) A. Miyagawa et al. Talanta, 2022, 238, 123042

Figure 1 Relationship between V" and DP
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Nanosensor Chemical Cytometry: New Label-Free Single Cell
Analytics

(!School of Chemical Engineering, Sunkyunkwan University (SKKU)) O Sooyeon Cho!

Keywords: nanosensor, cytometry, single cell, label-free, photonic nanojet

Label-free extraction of multivariate single-cell properties including both biophysical
and molecular attributes can lead to the most fundamental technological innovation for cell
therapy and realization of precision medicine.

In this talk, we will introduce a new label-free single cell analytics: nanosensor
chemical cytometry. An array of fluorescent nanosensors is integrated with a microfluics in
which a population of flowing cells will be guided, using specific integration technique of
particulate form of the nanosensors. One can utilize the flowing cell itself as highly
informative Gaussian lenses projecting near infra-red (nIR) emission profiles and extract
rich information on a per cell basis in real-time and a label-free manner. With our designed
deep learning program, this unique biophotonic waveguide allows users to quantify the
cross-correlation of the real-time biomolecular efflux profile such as reactive oxygen
species (ROS) or reactive nitrogen species (RNS) with biophysical properties such as cell
size, shape, and refractive index (RI). We show that it operates as a label-free chemical
cytometer for the measurement of cellular heterogeneity with unprecedented precision for
various types of cells and their target analytes.

i) nIR raw data ii) Cell iil) Cell
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Introducing Homochirality for the Chemical Design of Molecular
Ferroelectrics

(*Ordered Matter Science Research Center, Nanchang University, China)

OWei-Qiang Liao'

Keywords: Molecular Ferroelectrics; Ferroelectricity; Homochirality; Chiral Ferroelectrics;
Chemical Design

Ferroelectric is a type of important functional material with inherent spontaneous
polarization that can be reoriented under an external electric field. In contrast to widely used
inorganic ferroelectric ceramics, molecular ferroelectrics possess the advantages of
low-temperature solution synthesis, good mechanical flexibility, light weight, and good
biocompatibility, which have attracted considerable interest in the last decades. However,
the discovery of new molecular ferroelectrics is a great challenge due to that ferroelectrics
must adopt one of the 10 polar crystallographic point groups (1 (C1), 2 (C2), m (Cs), mm2
(Cw), 4 (Cs), 4mm (Cas), 3 (C3), 3m (C3v), 6 (Cs), and 6mm (Csy)) and should generally
undergo phase transitions.

Chirality describes that an object is not superposable with its mirror image.
Ferroelectrics have tied with chirality since the discovery of the first ferroelectric Rochelle
salt in 1920, which is a typical homochiral compound with the L-tartrate component.
From the crystallographic aspect, among the 10 polar point groups for ferroelectrics, there
are five chiral-polar ones (1 (C1), 2 (), 4 (Cs), 3 (C3), and 6 (Cs)). Moreover, among the 88
kinds of ferroelectric phase transitions, 22 types of transitions are from the chiral point
group to the chiral point group. We thus notice that the introduction of homochirality into
materials makes them more likely to adopt the polar crystallographic point groups and their
structural phase transition more likely to be a ferroelectric one, greatly improving the
probability of being ferroelectrics. Through introducing homochirality, our group has
successfully discovered a large number of new molecular ferroelectrics with high
ferroelectric performances and fascinating properties in recent years,'* which have been
developed into an efficient and universal strategy to precisely design molecular
ferroelectrics. This lecture will present the strategy of introducing homochirality for the
chemical design of molecular ferroelectrics. Various molecular ferroelectrics precisely
designed by introducing homochirality will also be presented.

1) B.-B. Deng, C.-C. Xu, T.-T. Cheng, Y.-T. Yang, Y.-T. Hu, P. Wang, W.-H. He, M.-J. Yang, W.-Q.
Liao, J. Am. Chem. Soc. 2020, 142, 6946. 2) J.-C. Liu, Y. Ai, Q. Liu, Y.-P. Zeng, X.-G. Chen, H.-P. Lv,
R.-G. Xiong, W.-Q. Liao, Adv. Mater. 2023, 35, 2302436. 3) H. Peng, Z.-K. Xu, Y. Du, P.-F. Li, Z.-X.
Wang, R.-G. Xiong, W.-Q. Liao, Angew. Chem. Int. Ed. 2023, 62, €202306732. 4) X.-J. Song, X.-G.
Chen, J.-C. Liu, Q. Liu, Y.-P. Zeng, Y.-Y. Tang, P.-F. Li, R.-G. Xiong, W.-Q. Liao, Nat. Commun.
2022, 13, 6150.
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Developments of anhydrous super-proton conducting
molecular crystals utilizing internal degrees of freedom

(‘Graduate School of Engineering, Tohoku University, *Institute of Multidisciplinary
Research for Advanced Materials, Tohoku University) OShun Dekura,'~

Keywords: Single Crystals; Anhydrous Proton Conduction; Azolium; Molecular Motions;
Proton Tautomerism

Anhydrous organic proton (H") conductors have attracted much attention as candidates
for next-generation solid electrolytes in fuel cells operating in the medium temperatures
above 100 °C without humidification. However, mechanism of ahydrous H" conduction has
not been fully revealed yet because most of the previously reported anhydrous super-H"
conductors (¢ > 10 S/cm) were acid- or base-doped polymers or microporous materials.
To approach this problem, we have focused on single-crystalline molecular materials, which
are suitable to investigate conduction mechanisms to establish the materials design
guideline. For the first step, based on the comprehensive study on a series of imidazolium
hydrogen dicarboxylates, we disclosed that the anhydrous H" conduction mechanism can be
discussed based on Grotthuss-type picture; high anhydrous H" conductivity can be achieved
by (1) construction of the extended H-bond network (for H" conduction pathway), (2) the
small inter-molecular pK, differences, i.e. ApK, (for inter-molecular H' transfer), and (3) the
molecular rotational motions in crystals (for intra-molecular H' transfer).['

In this study, we focused on (3) the molecular rotational motions, and realized
anhydrous super-H" conductors utilizing molecular motions in crystals.!*! In addition, we
successfully developed new H' conduction mechanism, H" tautomerism, which is
advantageous for systematically realizing low-barrier H® conducrtion. In summary,
utilization of such molecular internal degrees of freedom is good strategy for the
development of anhydrous super-H" conducting molecular crystals (Figure 1).
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Figure. (a) Structures of the azolium cations. (b) H" conduction utilizing the molecular internal degrees of
freedom. (¢) Temperature dependences of anhydrous H* conductivities of the azolium phosphates.

[11 Y. Sunairi et al., J. Phys. Chem. C 122, 11623 (2018). [2] Y. Sunairi et al., J. Phys. Soc. Jpn. 89, 051008
(2020). [3] Y. Hori et al., J. Phys. Chem. Lett. 12, 5390 (2021). [4] S. Dekura et al., Angew. Chem. Int. Ed. 61,
€202212872 (2022).
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Structure and Solid-state Properties of Molecular Perovskite and Solid-solution ('Graduate
School of Engineering, Osaka University, *Graduate School of Science and Engineering for
Innovation, Yamaguchi University) O Ryo Tsunashima

Metal-free molecular perovskites ABX3 (A=organic divalent cation, B=NH,", H;O", K",
X=halides, BF4~, PF¢") have been gaining a lot of attention owing to their environmental and
human friendliness. However, unlike inorganic perovskite compounds which diversified their
properties with a solid solution, molecular perovskites still have difficulty. Herein, recent
developments by our group on molecular perovskites and their solid solutions will be reported.
Keywords : perovskite; ferroelectrics, phase transition, molecular crystal; solid solution
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[1] C. A. Bremner, M. Simpson and W. T. A. Harrison, J. Am. Chem. Soc., 2002, 124, 10960. [2] H. Y. Ye, Y. Y. Tang,
P. F. Li, W. Q. Liao, J. X. Gao, X. N. Hua, H. Cai, P. P. Shi, Y. M. You and R. G. Xiong, Science. 2018, 361, 151.
[3] H. Morita, R. Tsunashima, S. Nishihara, K. Inoue, Y. Omura, Y. Suzuki, J. Kawamata, N. Hoshino, T. Akutagawa,
Angew. Chem. Int. Ed. 2019, 58, 9184. [4] T. Handa, R. Hashimoto, G. Yumoto, T. Nakamura, A. Wakamiya, Y.
Kanemitsu, Sci. Adv. 2022, 8, eabo1621. [5] X. Song, Q. Li, J. Han, C. Ma, Z. Xu, H. Li, P. Wang, Z. Yang, Q. Cui,
L. Gao, Z. Quan, S. Liu, K. Zhao, Adv. Mater. 2021, 33, 2102190. [6] H. Morita, R. Tsunashima, S. Nishihara, T.
Akutagawa, CrystEngComm 2020, 22, 2279-2282.
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Construction and evolution mechanism of hierarchical silver clusters

Di Sun*!

' School of Chemistry and Chemical Engineering, State Key Laboratory of Crystal Materials,
Shandong University, Jinan, 250100, People’s Republic of China.
e-mail: dsun@sdu.edu.cn

Keywords: Hierarchical silver clusters, Evolution mechanism, Polyhedral fusion

Clusters are polynuclear aggregates situated between atomic/molecular and
macroscopic matter, possessing a defined atomic composition and chemical structure.
They represent the nascent state of condensed matter and serve as ideal models for
understanding the relationship between microscopic structure and macroscopic
properties of correlated materials, with significant implications for a profound
understanding of material transformation laws. Among the numerous elements capable
of forming clusters, coinage metal elements are widely employed in constructing metal
clusters with diverse structural types and functionalities due to their unique electronic
configuration, coordination habits, and metalophilic properties.! Compared to gold and
copper, silver ions exhibit diverse coordination configurations and moderate
silver---silver interactions, endowing silver clusters with a richer variety of structural
types and structural dynamics. Simultaneously, silver clusters have greater stability and
lower costs than copper clusters, making them a hot topic in the field of metal clusters.

Despite numerous research groups both domestically and internationally
achieving fruitful results in this field,? the synthesis methods of silver clusters lack
universality, making it difficult to establish a comprehensive database of silver cluster
structures and making the study of their optical, electrical, and catalytic properties even
more challenging. Additionally, the diversity of silver cluster structural types results in
varying growth mechanisms for their cores and dynamic shell evolution, lacking a
systematic understanding of the underlying principles. Understanding the growth
mechanism of silver clusters can provide feedback to guide their controllable synthesis,
while the dynamic structural mechanisms of silver clusters will provide a basis for
understanding their inherent stability, chemical reactivity, and catalytic activity.

The presenter, based on silver cluster synthesis chemistry, has constructed a
database comprising over 200 examples of core/shell hierarchical silver clusters,
focusing on a systematic and in-depth study of the critical scientific questions
surrounding the growth and dynamic structural mechanisms of silver clusters. (1) They
have established a universal nucleation/hardening synergy strategy, achieving the
controllable synthesis of core/shell hierarchical silver clusters. This strategy captured
and characterized a variety of nascent silver core structures of different sizes, deriving
an approximate mathematical relationship between the number of negative charges of
the anion group and the core size of silver clusters. The presenter revealed the
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"polyhedral fusion" mechanism for small core sizes and the "layer-by-layer nesting"
growth mechanism for medium to large core sizes. (2) They introduced new methods
for the study of complex silver cluster dynamic structural mechanisms (tracking of
reaction processes, capturing intermediate single-crystal structures through gradient
low-temperature crystallization, etc.), revealing the dynamic nature of silver cluster
interface structures. This led to the synthesis of interconversion between clusters and
the establishment of a relevant transformation mechanism called "core-shell
cooperative expansion."
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Figure 1. The family of silver nanoclusters obtained by our group
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Synthesis of multi-element nanomaterials and their potential as catalysts

(‘\The Hakubi Center for Advanced Research, Kyoto University, *Graduate School of
Science, Kyoto University, >The Institute for Integrated Cell-Material Sciences (iCeMS),
Kyoto University) OKohei Kusada'->3

Keywords: Nanoparticles, Multi-elements, Catalysis, Alloy, Oxide

Nanoparticles (NPs) containing multi-elements in a single phase have recently
attracted much attention as new types of nanomaterials such as catalysts. In particular,
alloys containing more than five elements at almost equal ratios called high entropy alloys
(HEAs) have been intensively studied in these five years. We synthesized new HEA NPs
and studied their catalytic properties based on their electronic structures.!® For example,
platinum-group metal HEA NPs (PGM-HEA NPs) show very high electrocatalytic activity
toward hydrogen evolution reaction (HER), which is higher than a commercial Pt catalyst.?
Although it is well known that HER activity of metal catalysts has a volcano-type
relationship with their d-band center because the d-band center and hydrogen adsorption
energy of catalysts show a linear relationship, very interestingly, the HER activity of
PGM-HEA NPs cannot be explained by this theory. This might originate from the very
complex surface atomic arrangements and the diverseness of the local density of states
(LDOS) of the surface sites. Furthermore, we also synthesized HEA NPs consisting of all
eight noble-metal-group elements (NM-HEA NPs). We revealed that the LDOS of every
surface atom in NM-HEA is different.
Some atoms of the same constituent
element in HEA NPs have different
LDOS profiles, whereas atoms of other
elements can have similar LDOS
profiles. This may provide an
interesting result that the NM-HEA
NPs showed 10.8 times higher activity
for HER than Pt/C. In addition to alloys,
we recently succeeded in synthesizing
denary perovskite HE oxide.” In this

presentation, we will discuss the

Atomic-resolution HAADF-STEM image (a) and
element maps (b-l) of the denary HEO NP

possibilities of these multi-element
nanoparticles.

1) D. Wu, K. Kusada, H. Kitagawa, et al., JACS, 2020, 142, 13833. 2) D. Wu, K. Kusada, H. Kitagawa, et
al., JACS, 2022, 144, 3365. 3) D. Wu, K. Kusada, H. Kitagawa, et al., Chem. Sci., 2020, 11, 12731. 4) K.
Kusada, H. Kitagawa, et al., J. Phys. Chem. C, 2021, 125, 458. 5) H. Minamihara, K. Kusada, H.
Kitagawa, et al., JACS, 2022, 144, 11525. 6) H. Minamihara, K. Kusada, H. Kitagawa, et al., JACS, 2023,
145, 17136. 7) S. Hanabata, K. Kusada, H. Kitagawa, et al., JACS, in press (10.1021/jacs.3c07351).
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Manipulation of Precise Molecular Arrangements and Their
Functions on Two-dimensional Coulombic Fields

(Interdisciplinary Graduate School of Engineering Sciences, Kyushu Univ.) OYohei Ishida
Keywords: Inorganic Nanosheets; Clay Minerals; Molecular Assemblies; Photochemistry;
Electron Microscopy

In living systems, the flexible and complex higher-order structure of proteins work as
“ultimate” reaction fields that impart both flexibility and regulation, and enable various
functions such as enzyme and photosynthetic reactions. The objective of this talk is to
discuss the utilization of the surface or interlayer of anionically charged inorganic clay
mineral nanosheets as chemical reaction fields for molecular guests via multiple
electrostatic interactions.

1) Molecular structures change owing to the atomically flat surface. This enables the
suppression of non-radiative deactivation pathways by a restriction of molecular motions
and vibrations, resulting in strong emission enhancement. This was applicable for wide
variety of molecules, and named a “Surface-Fixation Induced Emission”.

2) Since host—guest electrostatic interaction is the key, photochemical reactions between
two or more kinds of molecules are easily designable. Photochemical reactions with a
quantum efficiency of almost unity was realized on inorganic surfaces for the first time.
These findings allowed to design multi-step light harvesting system utilizing all visible-light,
combined with subsequent electron transfer reaction for mimicking photosynthetic
complexes. This strategy was further expanded for noble metal nanoparticles/clusters.

RN

3) To aim the molecular-scale

understanding of multiple electrostatic

interaction, I recently conducted a - — — Mo e W WL

scanning transmission electron microscopy o _o_°_° LB S T
(STEM) and succeeded in the first '
atomic-scale imaging of free-standing
monolayer clay nanosheets and its

@ 0
1 1's
!
oz‘i ‘
0 \:\ 7z
{ 71,’;‘\‘%

supramolecular complexes. I am now
further promoting this technique for the
direct imaging of molecular and
supramolecular structures for

understanding their unique functions under
multiple electrostatic interactions.

Key references (personal accounts)
BCSJ 2021, 94, 2886; Pure Appl. Chem.
2015, 1, 3.
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MRSF-TDDFT: A New Workhorse for Quantum Chemical Study

(‘Seoul National University, South Korea *Department of Chemistry, *Kyungpook National
University, South Korea) O Seunghoon Lee', Woojin Park®, Konstantin Komarov?, Cheol
Ho Choi’

Keywords: DFT, Strong Correlation; Ground and Excited State; Quantum Theory; TDDFT

A new quantum theory, MRSF-TDDFT (Mixed-Reference Spin-Flip Time-Dependent
Density Functional Theory) has been developed', which introduces the multi-reference
advantages within the linear response formalism. The density functional theory (DFT) and
linear response (LR) time-dependent (TD)-DFT are of utmost importance for routine
computations. However, the single reference formulation of DFT is suffering from the
description of open-shell singlet systems such as diradicals and bond-breaking. LR-TDDFT,
on the other hand, finds difficulties in the modeling of conical intersections, doubly excited
states, and core-level excitations. Many of these limitations can be overcome by
MRSF-TDDFT, providing an alternative yet accurate route for such challenging situations.
Now the theory is combined with NAMD, QM/MM, Spin-Orbit Couplings, and Extended
Koopman Theorem. Here, we highlight its performances by presenting our recent results
especially focusing on nonadiabatic molecular dynamics.

-_— X9
ﬁ\ Bond Breaking

Conical
Intersections

L o \
~7 | *SF-TDDFT,
. e

/ A
Core Excitation

L4 “\»A‘

—T— e ol / /

Diradicals
L%L -

N
Spin-orbit Coupling
Photoelectron

1) (a) Lee, S., Filatov, M., Lee, S., & Choi, C. H. (2018). J. Chem. Phys., 149(10), 104101. (b) Lee,
S., Kim, E., Nakata, H., Lee, S. & Choi, C. H. (2019). J Chem. Phys., 150(18), 184111.
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Low cost methods for strongly correlated chemistry based on
spin-symmetry breaking and restoration

(‘Graduate School of System Informatics, Kobe University, *PRESTO, JST) O Takashi
Tsuchimochi'?

Keywords: Electronic structure theory, Strong correlation, Spin projection, Excited states,
Quantum computing

Strong correlation, also known as static or non-dynamical correlation in quantum
chemistry, emerges in calculations of degenerate electronic structures where multiple Slater
determinants strongly interact with each other through the Hamiltonian. Its description
requires a qualitatively correct, “multi-reference” wave function, making it quite
challenging to address using standard “single-reference” electronic structure theories such
as coupled cluster, the gold standard of quantum chemistry. Given that electronic
degeneracies manifest in various contexts in chemistry, ranging from photochemistry to
transition metal complexes, harnessing strong correlation has garnered increased interest.

Spin-projection has recently seen a revival as a low-cost approach to strong correlation.
The idea behind spin-projection is to restore the spin quantum number s of the underlying

spin-unrestricted wave function |¥) by the projection operator B; = [] ;s (.§ -G+ 1)),

whereby a multi-reference wave function with the correct spin-symmetry is obtained in a
black box manner, but at a significant cost. Our approach is to take advantage of the SU(2)
symmetry of spin and view P, as an integration of orbital-rotation operators over the Euler
angle Q, P, = [ R(Q)dQ. This generates a set of non-orthogonal states, whose linear
combination successfully represents a multi-reference wave function. Exploiting this simple
feature, we have reformulated spin-projected unrestricted Hartree-Fock (SUHF), also
known as projected HF'. However, SUHF only captures a qualitative picture of strong
correlation, and treating dynamical electronic correlation is necessary for quantitative
accuracy.

In this talk, I would like to summarize some of our recent developments based on
spin-projection. First, I will discuss how to deal with dynamical correlation using
configuration interaction?, perturbation theory’, and coupled cluster’. If time permits,
extensions of SUHF to excited states’ will be discussed. Then, I will show how
spin-projection can be combined with variational algorithms in quantum computing®.

1) C. A. Jiménez-Hoyos et al., J. Chem. Phys. 2012, 136, 164109. 2) a) T. Tsuchimochi, S. Ten-no, J.
Chem. Phys. 2016, 144, 011101. b) T. Tsuchimochi, S. Ten-no, J. Chem. Theory Comput. 2016, 12,
1741. 3) a) T. Tsuchimochi, T. Van Voorhis, J. Chem. Phys. 2014, 141, 164117. b) T. Tsuchimochi, S.
L. Ten-no, J. Chem. Theory Comput. 2019, 15, 6688. 4) a) T. Tsuchimochi, S. L. Ten-no, J. Chem.
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Phys. 2018, 149, 044019. b) T. Tsuchimochi, S. L. Ten-no, J. Comp. Chem. 2019, 40, 267. 5) a) T.
Tsuchimochi, T. Van Voorhis, J. Chem. Phys. 2015, 142, 124103. b) T. Tsuchimochi, in preparation.

6) a) T. Tsuchimochi, Y. Mori, S. L. Ten-no, Phys. Rev. Res. 2020, 2, 043142. b) T. Tsuchimochi et
al., Phys. Rev. Res. 2022, 4, 033100.
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Challenge for Predicting Thermodynamic Properties of the
Functional Liquid Materials
based on Molecular Fragment Information

(‘Chuo University, *JST ACT-X) ONahoko Kuroki'
Keywords: Functional Liquid Materials; Molecular Dynamics; Intermolecular Interactions

A quantum chemical understanding of the thermodynamic properties of candidate
solvents is essential for the design of optimal liquid materials suitable for chemical
engineering processes such as separation-extraction and gas absorption, as well as for the
elucidation of the biomolecular research crucial for medical and drug discovery. The high
computational costs of the ab initio molecular simulations, however, have hindered the
theoretical design of candidate functional liquids before experimental tasks. With the
background, we have applied a new molecular simulation method based on molecular
fragment theory, effective fragment potential molecular dynamics (EFP-MD), which is
promising for ab initio prediction for macroscopic thermodynamic properties of functional
liquid materials from the wave functions of the constituent molecular fragments.

Ionic liquids (ILs) are expected to be applied as CO, absorbents. Theoretically,
however, there are 10'® different combinations of cations and anions, and it is unrealistic to
evaluate whether an arbitrary mixture of them will yield the intended properties based on
experimental studies alone. We have shown that EFP-MD can evaluate IL structures more
than 200 times faster than CPMD.'
Furthermore, by combining EFPs with
machine learning (ML), it has become
possible to promote a materials informatics

approach for maximizing the gas-absorbing

capacities of the candidate liquids. Guided (2) Machine Learning

: : CoHia F FF FR FF F
by ML results,‘ it was experimentally pr.O\'/en d ottt o) © ng 7
that phosphonium-based ILs are promising Catho Tr FRFEARd O

(3) Minimal Synthesis and Characterization

as good CO, absorbents.?

This method can also be applied to biomolecular science. Recently, we applied
EFP-MD to explain the diffusion of osmotically regulated molecules. The difference in
microscopic intermolecular interactions between the osmotically regulated molecule and the
molecule which has similar structure, but opposite physiological functions, was
quantitatively evaluated.” Understanding the solution dynamics will contribute to artificial
chaperone design in next-generation medicine.

1) N. Kuroki, H. Mori, Chem. Lett. 2016, 45, 1009. 2) N. Kuroki, Y. Suzuki, D. Kodama, F. A.
Chowdhury, H. Yamada, H. Mori, J. Phys. Chem. B 2023, 127, 2022. 3) N. Kuroki, Y. Uchino, T.
Funakura, H. Mori, Sci. Rep. 2022, 12, 19417.
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Understanding the material properties of perfluoroalkyl compounds from the primary chemical
structures (Institute for Chemical Research, Kyoto University) O Takeshi Hasegawa

Organic fluorine compounds having perfluoroalkyl groups are collectively called PFAS,
ranging from small molecules to polymers, and are essential materials for semiconductor
manufacturing and fuel cells because of their unique properties represented by the water and
oil repellency and low dielectric permittivity. On the other hand, there are concerns about their
accumulation and toxicity in the environment and human body, and finding a solution that
balances the environment and industry is a pressing issue worldwide. The delay in
understanding the physical and chemical aspects of PFAS has been a stumbling block for
solving the problem. Recently, experimental and computational results have revealed that the
Stratified Dipole-Array (SDA) model is useful to understand physical properties by unifying
the dipole moment, molecular polarizability, and molecular conformation, all of which have
been suggested to be related so far, have an impact for the understanding of PFAS.
Interdisciplinary research has begun across industry, government, and academia.

Keywords : Perfluoroalkyl substances (PFAS), Stratified Dipole-Arrays (SDA) model

A7 v FLAEMOF THENR=T VA a7 VXV EE SO DIL, Ny &y
T FETE LD T PFAS LFEIILD. PFAS (THKBEMMESCIRGFERICAERIND, &K
EARFITITERD TE RV ERRE TREZRDMIC X D [1], FERRNE PR E L e
EWCARFROMETH 5. TD—T7, BRESCAETOEFRECHENRESN[2], B
B L PEFED/NT  ADORI T2 B3 2 & SR A 2 BB OFRE & 72 > TV 5 [3].
PFAS |1 3A M7 WE N ZHBRIE ST — 7T, WHERBLD A T = X L% Sy F i 8
R 2 &V ) RTIIIERFICEN TR, & ITWHEbFR 22 B OB 0 MR D
RDEIZ72>TnD. filt, BEREIAEG -7 L —(SDA)YET V[, 4]2 W2 &, fEkn
LEEARIZ SN TWIE BT — A b, TR, 5Far 7 A= a0
T RTBH—HNAE G > T, WM X 2 2 L N FEBREFHAEOERTH LT
72V, PFAS ORMRICEZEG# % 52 THER F A BRI TN E > TV D,
1. T. Hasegawa, Chem. Rec. 2017, 17, 903.

2. S. F. Nakayama, M. Yoshikane, Y. Onoda, Y. Nishihama, M. Iwai-Shimada, M. Takagi, Y.
Kobayashi, T. Isobe, Trends Anal. Chem. 2019, 121, 115410.
3.  T. Hasegawa, S. Nakayama, ChemRxiv 2023.

4. T. Hasegawa, T. Shimoaka, N. Shioya, K. Morita, M. Sonoyama, T. Takagi, T. Kanamori,
ChemPlusChem 2014, 79, 1421.
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Chemical Properties of Novel Trifluoromethylated Lithium Borate and Their Application to
Electrolytes for Lithium Ion Batteries ({CENTRAL GLASS CO., LTD., *Graduate School of
Sciences and Technology for Innovation, Yamaguchi University, *The Institute of Scientific and

Industrial Research, Osaka University) O Mikihiro Takahashi,! Hayato Hesaka,! Wataru
Kawabata,! Yu Katayama,® Hiromori Tsutsumi,’

Lithium hexafluorophosphate (LiPF) is widely used as an electrolyte in lithium-ion batteries.
However, its low thermal stability and hydrolysis resistance (reacting with water in the
presence of air to generate hydrofluoric acid) are major drawbacks. By contrast, lithium
tetrafluoroborate (LiBF4) exhibits excellent thermal stability and a hydrolysis resistance
slightly higher than that of LiPFs. However, its applicability as an electrolyte is limited owing
to its low ionic conductivity. Therefore, in this study, we developed CFs-incorporated lithium
borate (1)—~(5) with high ionic conductivities by delocalizing the negative charge on boron and
increasing the dissociation of Li". We investigated the basic properties of these lithium borates,
such as thermal stability, hydrolysis resistance, ionic conductivity, and potential window, as
well as their applicability as electrolytes in lithium-ion batteries.

Chemical and electrochemical stability analyses of the synthesized lithium borates (1)—(5)
revealed their high thermal stability from 140 to 350 °C; in contrast, LiPFs remains thermally
stable only up to ~70 °C. Lithium borates (1) and (2) did not hydrolyze even in water owing to
the steric hindrance of the CF; group. Although the introduced CF; group improved the
dissociation of Li", it did not enhance the ionic conductivity. The increase in viscosity of the
solution due to the increase in molecular weight on the anionic side is thought to be the reason
for the decrease in conductivity. Lithium borate (3) exhibited the highest ionic conductivity,
demonstrating an excellent balance between the effect of the increased molecular weight
(increase in viscosity: negative effect) and delocalization of the negative charge on boron
(increase in dissociation: positive effect) due to the introduction of CF3.

Then, 1.0 M electrolytes were prepared using (3), which showed the highest ionic
conductivity, and (2), which showed a high hydrolysis resistance, and charge—discharge cycling
test was conducted. As the charge—discharge cycles progressed, the resistance of (1)
significantly increased, while (2) exhibited capacity reduction and a high resistance, which
were attributed to the reductive decomposition of these lithium borates at the negative electrode.
To suppress the reductive decomposition, 1 wt% of lithium bisoxalato borate (LiBOB) was
added to the electrolyte, and the cycling test was repeated. The results showed that the solid-
electrolyte interphase formed by LiBOB on the graphite negative electrode drastically
influenced the cell performances; the cycle capacities of (2) and (3) surpassed that of LiBFa,
while their cell resistances dropped below that of LiBFs.

Keywords : Trifluoromethyl; Borate; Lithium ion battery, Electrolyte
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Fluorohydrogenate Ionic Liquids (Graduate School of Energy Science, Kyoto University)
ORika Hagiwara, Kazuhiko Matsumoto

Fluorohydrogenates of some onium cations, Cat(FH),F (n < 2.3), exhibit excellent
stability without liberating HF at ambient condition. Some of the oligo-
fluorohydrogenate anions such as (FH)F and (FH);F  co-exist in the salt changing
their abundances to give the corresponding » values. These anions exchange HF among
them rapidly to give a single signal in 'H- and "F-NMR spectra. These salts possess
low viscosities in the order of 10° to 10! mPa-sec and high ionic conductivities of the
order of 10! to 10> mS-cm™ at room temperature. Applications of fluorohydrogenates
as electrolytes for electrolytic production of elemental fluorine and energy conversion
devices such as fuel cells will be introduced.

Keywords : fluorohydrogenate, ionic liquid, molten salt, electrolyte
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1) Ion-ion interactions and conduction mechanism of highly conductive fluorohydrogenate
ionic liquids, T. Enomoto, K. Matsumoto, R. Hagiwara, J. Phys. Chem. C, 115, 4324 (2011).
2) lonization state and ion migration mechanism of room temperature molten
dialkylimidazolium fluorohydrogenates, Yuria Saito, Kenichi Hirai, Kazuhiko Matsumoto,
Rika Hagiwara, Yoshiro Minamizaki, J. Phys. Chem. B, 109, 2942 (2005).

3) A highly conductive room temperature molten fluoride: EMIF-2.3HF. R. Hagiwara, T. Hirashige, T.
Tsuda, Y. Ito, J. Electrochem Soc., 149, D1 (2002).
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Synthetic Organic Reactions via a-Fluorocarbocations (Sagami Chemical Research Institute,
OJunji Ichikawa

The fluorine substituent provides a-carbocation stabilization not found in the other halogens.
This is because fluorine lone pairs are placed in 2p orbitals similar to the empty orbital of the
carbocation. Since 2000, there has been a growing body of research on bond-forming reactions
involving a-carbocations. Notably, the development of organic reactions involving CF; cations
(RCF;"), stabilized by two fluorine substituents, has gained prominence. These CF, cations
exhibit moderate stability and increased electrophilicity as cations, as well as leaving group
ability as fluoride ions.

In this presentation, the focus will be on selective bond-forming reactions utilizing CF»
cations. The synthetic methods will be discussed and categorized based on cation generation
into three types: (1) electrophilic addition to difluoroalkenes, (2) fluoride abstraction from CF3-
substituted compounds, and (3) oxidation of difluoroalkenes.

Keywords : Fluorine; Carbocations; Bond Activation, Fluoride Abstraction; Elimination
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Fluoroalkene metathesis reactions enabled by highly efficient catalysts
(AGC Inc.) OYusuke Takahira

In the modern era of synthetic organic chemistry, the history of fluoroalkene metathesis
reactions highlights the crucial roles of highly efficient catalysts in this emerging
transformation. This presentation overviews a number of breakthroughs in the research field of
fluoroalkene metathesis reactions along with the catalysts behind-the-scenes.

Keywords: fluorine, fluoroalkene (fluoroolefin), metathesis, molybdenum catalyst, ruthenium

catalyst
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Synthesis of fluorine-containing polymers using a fluoroalkene as a building block (Graduate
School of Science and Engineering, Ibaraki University) Hiroki Fukumoto

Fluoroalkenes such as tetrafluoroethylene are useful monomers for synthesis of fluorine-
containing polymers, however, they are hazardous and difficult to handle. Recently, our group
found a new approach to efficient synthesis of fluorine-containing polymers using a
octafluorocyclopentene (OFCP) as a building block. We also found that a kind of fluoroalkenes
originating from several commercially available hydrofluorocarbons (HFCs) can also be
monomers for synthesis of fluorine-containing polymers.

Keywords : Fluorine-containing Polymer; Fluoroalkene; Octafluorocyclopentene; Heat
Resistance; Transparency
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Fig. 2 Examples of the synthesized fluorine-containing polymers using OFCP as a starting material.
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1) S. Yamada, T. Konno, H. Ishihara and H. Yamanaka, J. Fluorine Chem. 2005, 126, 125.

2) H. Fukumoto, M. Ando, T. Shiota and T. Kubota, Macromolecules 2017, 50, 865; S. Kataoka, H.
Fukumoto, T. Kawasaki-Takasuka, T. Yamazaki, T. Nishimura, T. Agou and T. Kubota, J. Fluorine Chem.
2019, 218, 84; O. Gotsu, T. Shiota, H. Fukumoto, T. Kawasaki-Takasuka, T. Yamazaki, T. Yajima, T.
Agou and T. Kubota, Molecules 2018, 23, 3337; H. Fukumoto, K. Shiitsuka, K. Yamada, S. Yamada, T.
Konno, T. Kubota and T. Agou, Polym. Int. 2022, 71, 117.
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Fast Room-Temperature Phosphorescence of Organic Molecules: Mechanism and Molecular
Design
(‘Graduate School of Science, Osaka Univ., 2ICS-OTRI, Osaka Univ.) O Yosuke Tani'?

Room-temperature phosphorescence (RTP) of metal-free organic molecules is a radiative
transition from triplet excited state to singlet ground state, which is strictly spin-forbidden.
Consequently, the phosphorescence rate constant &, is small even when heavy atoms and
carbonyl functionalities are incorporated. Overcoming this limitation by molecular design will
expand the potential of phosphorescence materials. Herein, we carefully evaluate the solution-
phase RTP of thienyl diketones and unveil the significant k, of ~5000 s™!. The mechanism and
molecular design for fast RTP will be proposed in the presentation, based on ultrafast
spectroscopy, quantum chemical calculation, and some control experiments.

Keywords : Room-temperature Phosphorescence,; Ultrafast Spectroscopy, Quantum Chemical
Calculation; 1,2-Diketones, Intensity Borrowing
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1) a) Tani, Y.; Terasaki, M.; Komura, M.; Ogawa, T. J. Mater. Chem. C, 2019, 7, 11926-11931; b) Tani,
Y.; Komura, M.; Ogawa, T. Chem. Commun., 2020, 56, 6810—6813; c¢) Komura, M.; Ogawa, T.; Tani, Y.
Chem. Sci., 2021, 12,14363-14368; d) Takewaki, Y.; Ogawa, T.; Tani, Y. Front. Chem., 2022, 9, 812593,
e) Komura, M.; Sotome, H.; Miyasaka, H.; Ogawa, T.; Tani, Y. Chem. Sci., 2023, 14, 5302-5308.

2) Tani, Y.; Miyata, K.; Ou, E.; Oshima, Y.; Komura, M.; Terasaki, M.; Kimura, S.; Ehara, T.; Kubo, K_;
Onda, K.; Ogawa, T. ChemRxiv 2023. doi: 10.26434/chemrxiv-2023-h17mS5.
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Promising applications of Thermally-activated delayed fluorescence: from OLED to photon-
Upconversion ('Graduate School of Engineering, Kyushu University, *OPERA, Kyushu
University) OHajime Nakanotani,'

Thermally-activated delayed fluorescence (TADF) molecules can harvest the excited triplet
energy as a bright emission through a reverse intersystem crossing to the singlet excited state.
Extensive research has been made mainly for their application in organic light-emitting diodes
(OLEDs). To expand applications for OLEDs beyond just displays, we recently demonstrated
a highly efficient TADF-based NIR-OLED (external EL quantum efficiency ~1% with EL peak
wavelength of over 900 nm) that can be used as a light source for three-dimensional sensing of
object’s surfaces. As a proof-of-concept for future application of NIR-OLEDs, the NIR-OLEDs
were integrated with dense CMOS circuits to make a micro-NIR-OLED projector, and we have
demonstrated the three-dimensional sensing of an object’s shape using the projected NIR-EL
(Ref.1). The NIR-OLEDs could create new possibilities beyond display applications, such as
for security and sensing applications, including communications and personal authentication.

In addition to OLED application, we have recently focused on the possibility of “molecular
heat pump” using the spin conversion ability of TADF molecules as a new application of TADF.
In particular, we report the anti-Stokes photoluminescence (ASPL) derived from hot-band
absorption in a series of multi-resonance-type TADF (MR-TADF) molecules (Ref.2). The MR-
TADF molecules exhibited an anti-Stokes shift of approximately 0.1 eV with a high PL
quantum yield in the solution state (Fig.2). Our demonstration underlines that MR-TADF
molecules have become a novel class of ASPL materials for various future applications, such
as light-driving cooling systems.

In this presentation, I will discuss our current progress in the application of TADF-OLED,
and photon-upconversion properties of TADF molecules in more detail.

Keywords : Thermally-activated delayed fluorescence; Near-infrared organic light-emitting
diodes; anti-Stokes photoluminescence
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Fig.1 Three-dimensional sensing of object surfaces using the NIR-OLED projector: EL spectra of the
NIR-OLEDs at 100 mA ¢cm2 (left), Photograph of the NIR-OLED projector (middle), Photograph of the
projection of NIR-EL, and obtained three-dimensional data for colored pencils (right).
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Fig.2 ASPL properties of MR-TADF molecules: The schematic energy diagram of anti-Stokes
luminescence (left), temperature dependence of the ground state absorption and ASPL spectra of CzZBN
in toluene (right). Inset: molecular structure of CzZBN.

1) N. Yamada, H. Nakanotani, et al., Science Advances. 2024, 10, eadj6583.
2) S. Kohata, H. Nakanotani, et al., Angew. Chem., 2023, 62, €202312326.
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Development of Small-Molecule Organic Semiconductors Oriented towards Dynamic Exciton
Control (ICR, Kyoto University) OHiroko Yamada

The high design freedom of organic semiconductors leads to diverse electronic properties.
However, most small-molecule organic semiconductors are concentrated in acene and
thienylacene structures. In addition to the molecular structure, control of the packing structure
is key to realizing high charge transfer in small-molecule organic semiconductors, and a two-
dimensional nt-stack structure should be preferentially formed.

In order to expand the diversity of organic semiconductors, we have been developing
tetrabenzoporphyrin (BP) derivatives and controlling their packing structures in films and
single crystals'?. Herein, we demonstrate that BP derivatives can afford field-effect hole
mobilities of >4 cm” V™' s upon careful tuning of substituents®. We prepared a series of 5,15-
disubstited tetrabenzorporphyrins (CnDMS-MBP) as shown in Fig. 1a. The n-octyl and n-
dodecyl groups gave the best balance between high solution processability and minimal —m
stacking disruption, leading to superior hole mobilities in solution-processed thin films. The
resulting thin films show high thermal stability wherein the field-effect hole mobility stays
above 1 cm” V™' s™' even after heating at 160 °C in air (Fig. 1b), reflecting the tight packing of
large BP units. These findings will serve as a good basis for extracting a full potential of 2D
extended n-frameworks, and thus for increasing the structural or functional diversities of high-
performance organic semiconductors.

I will focus on the recent results about BP derivatives as p-type organic semiconductors for
organic field-effect transistors®.

Keywords : Organic Semiconducotor; Tetrabenzoporphyrin, Single Crystals;, Organic Thin-
Film Transistors
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Fig. 1(a) The structure of 5,15-disubstited tetrabenzorporphyrins and (b) field-effect hole mobility of
CnDMS-CuBP thin films against thermal stress.

1) Engineering thin films of a tetrabenzoporphyrin toward efficient charge-carrier transport: selective
formation of a brickwork motif. K. Takahashi, B. Shan, X. Xu, S. Yang, T. Koganezawa, D.
Kuzuhara, N. Aratani, M. Suzuki*, Q. Miao*, H. Yamada*, ACS Appl. Mater. Interfaces 2017, 9,
8211-8218.

2) Single crystal field-effect transistor of tetrabenzoporphyrin with a one-dimensionally extended
columnar packing motif exhibiting efficient charge transport properties. J. Zhu, H. Hayashi*, M.
Chen, C. Xiao, K. Matsuo, N. Aratani, L. Zhang, H. Yamada*, J. Mater. Chem. C 2022, 10, 2527.

3) Exploration of alkyl-group effects on the molecular packing of 5,15-disubstituted
tetrabenzoporphyrins toward efficient charge-carrier transport. E. Jeong, T. Ito, K. Takahashi, T.
Koganezawa, H. Hayashi, N. Aratani, M. Suzuki*, H. Yamada*, ACS Appl. Mater. Interfaces 2022,
14,32319-32329.

4) An unsymmetrical 5,15-disubstituted tetrabenzoporphyrin: effect of molecular symmetry on the
packing structure and charge transporting property. K. Miyazaki, K. Matsuo, H. Hayashi, M.
Yamauchi, N. Aratani, H. Yamada, Org. Lett. 2023, 25, 7354-7358
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Materials design for efficient charge generation in organic photovoltaics (Graduate School of
Advanced Science and Engineering, Hiroshima University) Itaru Osaka

In recent years, the power conversion efficiency of organic photovoltaics has been
significantly improved. However, there still remains some important issues such as the
reduction of voltage loss, more specifically the trade-off between voltage loss and photocurrent
generation for the further improvement of the efficiency. In this presentation, I will show and
discuss design and synthesis of new m-conjugated polymers to realize high photocurrent
generation under small voltage loss, i.e., driving force for charge separation.

Keywords : Organic Photovoltaics; n-Conjugated Polymers; Organic Semiconductors; Charge
Generation; Voltage loss
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DOELY FLAZFBI T Liggam L72 0,

PNOz4T PSTz2 F PTNT1-F

Figure 1. m-Conjugated polymers developed in our group.

1) M. Saito, et al., J. Mater. Chem. A 2020, 8, 20213-20237. 2) K. Kawashima, et al., Nat. Commun.,
2015, 6, 10085. 3) M. Saito, et al., Commun. Mater. 2023, 4, 72.
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Dynamics of Charge Carriers and Excited States: An Approach of Time-Resolved Spectroscopy
(‘Graduate School of Engineering, Osaka University) O Akinori Saeki'

A non-fullerene small molecular acceptor (NFA) is a prominent molecule that shows
moderate electron mobility and a narrow bandgap complementary to middle-bandgap p-type
conjugated polymers, which leads to great improvement in the performance of organic
photovoltaic (OPV) cells. However, little is known about the relaxation of charge carriers,
which is key to efficient charge transport. Herein, we report simultaneous time-of-flight (TOF)
and time-resolved microwave conductivity (TRMC) measurements. In addition to the
conventional TOF mobilities, relaxation of the hole and electron mobility was evaluated by
TRMC under an external electric field. Interestingly, the slower relaxation of the electrons
compared to the holes in PBDB-T:Y6 is in line with the preferred normal device structure.
Keywords : Organic Solar Cells; Charge Carrier Relaxation; Microwave Conductivity
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1) A. Saeki, Polym. J. 2020, 52, 1307. 2) Y. Shimata, A. Saeki, J. Phys. Chem. C 2017, 121,18351. 3) F.
Hamada, A. Saeki, ChemSusChem 2021, 14, 3528. 4) S. Li, R. Nishikubo, T. Wada, T. Umeyama, H.
Imahori, A. Saeki, Polym. J. 2023, 55, 463.
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Real-time simulation as an observation tool for dynamic excitons: a case study on charge
separation processs in an organic solar cell (' Graduate School of Engineering, Kyoto University,
2PRESTO, JST) (OHiroki Uratani'?

To explore the fundamental science and material functions related to dynamic excitons, we
need observation tools that can reveal excited-state ultrafast dynamics in detail. Computational
simulation is one of the promising observation tools, because of the capabilities of analyzing
and visualizing excited-state dynamics with the spatial resolution of single atom and the
temporal resolution of attoseconds. In the presentation, we will introduce an example of real-
time simulation that tracked the exciton dissociation process in the donor—acceptor interface of
an organic solar cell (OPV).

The target of the present study is the interface between an archetypical donor, P3HT, and an
acceptor, PCsiBM. The structure of interface was generated using molecular dynamics (MD)
calculations, and a model structure for the simulation of exciton dissociation was extracted
from the obtained interface structure (Fig. 1). The simulation was conducted using non-
adiabatic MD method, which can track the propagation of the structure and electronic state
simultaneously, because exciton dissociation involves both structural and electronic dynamics.
In the simulation, the system was electronically excited by applying an oscillating electric field,
and the subsequent electronic and structural dynamics was tracked.

Fig. 2 shows the time trace of charge density distribution obtained from the simulation,
where the positive (yellow) and negative (blue) charges are located on the donor and acceptor,
respectively, indicating that exciton dissociation progressed. The negative charge on the
acceptor was localized at the early stage (100 fs), but dissipated with time over the entire
acceptor region. In the presentation, we will discuss the detailed analyses of the simulation
results, focusing on the pathway of electron transfer, the role of nuclear motion, and factors
that enhance the exciton dissociation, and so forth.

Keywords : Exciton, Dynamics, Organic solar cell, Computational chemistry
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Fig. 1 P3HT/PC¢ BM interface structure and the extracted model.

Acceptor o

Fig. 2 Snapshots of charge density distributions. Yellow and blue indicate positive
and negative charge densities, respectively.

1) H. Uratani and H. Nakai, J. Phys. Chem.Lett. 14, 2292 (2023).
2) H. Uratani and H. Nakai, J. Chem. Theory Comput. 17, 7384 (2021).
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Visible light-driven catalyst system for organic synthesis (' Graduate School of Pharmaceutical
Sciences, The University of Tokyo) OMotomu Kanai'

Our research interest includes the methodology development for the catalytic
functionalization of simple and abundant hydrocarbons, producing value-added synthetic
intermediates. The homolytic cleavage of a C—H bond by radical catalysis is feasible to initiate
the overall catalytic cycle. We found that a thiyl radical derived from TPA or TPI is useful for
the cleavage of C—H bonds with the bond dissociation energies of ca. 80-90 kcal/mol. Such C—
H bonds include allylic, benzylic, a-hydroxy, and formyl C—H bonds. The binaphthyl core of
TPA and TPI, acting as a redox tag, is essential for the radical catalysis. I will present catalytic
acceptorless dehydrogenation and allylation of aldehydes through the cleavage of C—H bonds
of hydrocarbons.

Keywords : Catalysis; Hydrocarbon, C—H bond; Acceptorless dehydrogenation; Allylation
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1. Catalytic acceptorless dehydrogenation of hydrocarbons

visible

TPA or TPI metal complex-cat.
(radical cat. precursor)

2. Catalytic addition of hydrocarbon alkenes to aldehydes

visible
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TPI metal complex-cat.
(radical cat. precursor)
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