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Development of innovative catalysts for organic synthetic reactions using carbon dioxide
(Graduate School of Engineering, Kyoto University) Tetsuaki Fujihara

The chemical transformation of carbon dioxide (CO,) into useful carbon resources is an
important research issue. The development of new organic reactions using CO; as a C1 source
is an attractive research subject from the viewpoint of effective utilization of CO, as well as
the development of new organic reactions.! Herein, the author will review the recent progress
and future prospects of organic reactions using CO; catalyzed by transition metal complexes.
Keywords : Carbon Dioxide; Transition Metal Complexes; Homogeneous Catalysts
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Scheme 1. Organometallic elementary steps for carboxylation reactions: (a) addition
reaction, (b) oxidative addition, (c) oxidative cyclization, and (d) C-H activation
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1) (a) T. Fujihara, “Carboxylation with Carbon Dioxide as a C1 Source via Carbon-Carbon
Bond Forming Reactions” in The Chemical Transformations of C1 Compounds, X.-F. Wu, B.
Han, K. Ding, Z. Liu, Eds., Wiley-VCH, Weinheim, 2022, p 909.
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Development of CCU technologies by NIPPON STEEL CORPORATION (!NIPPON STEEL
CORPORATION)O Ayaka Miura'

NIPPON STEEL CORPORATION is taking on the challenge to realize of achieving carbon
neutrality by 2050 as the most important management task. While developing technologies for
carbon neutral ironmaking processes, we are also developing CCUS technologies to further
reduce CO, emissions. In this presentation, we will present an overview of our CCU technology

development activities.
Keywords : Carbon dioxide, Catalyst, CCU
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Transition and green transformation towards carbon neutrality and future of the energy and
chemical sectors
(Waseda University) O Yasushi Sekine

With global carbon dioxide concentrations exceeding 420 ppm, what to do about global
warming has become a pressing issue. At the G7 Climate, Energy, and Environment Ministerial
Meeting held in Sapporo in 2023, the urgency of climate change countermeasures was
emphasized. An international framework to become carbon neutral by 2050 was discussed, and
efforts to reduce plastic pollution to zero by 2040 based on the Osaka Blue Ocean Vision were
also agreed upon. Concerned about climate change, the G7 called for a 43% reduction in CO;
emissions by 2030 and a 60% reduction by 2035, and urged cooperation in economic
transformation. This would facilitate the transition from petrochemistry to catalytic chemistry
in the renewable energy era. Hydrogen, ammonia, and carbon dioxide recycling were
emphasized, and the elimination of inefficient fossil fuel subsidies by 2025 was also confirmed.

In Japan, a 2 trillion-yen Green Innovation Fund and a 20 trillion-yen GX policy are
underway, and a shift away from petroleum-based chemical synthesis is underway. Domestic
chemical manufacturers have also announced their intention to move away from upstream
processes and are focusing on high-value-added products to improve ROIC. In this context, we
would like to summarize the direction that chemistry should take in the Transition GX toward
carbon neutrality.

Keywords : Carbon neutral; Chemical reaction,; Green innovation; Green transformation
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Cyber-physical exploration system using powder-film-formation Process Informatics
(Graduate School of Engineering, The University of Tokyo) OKeisuke Nagato

Film formation of functional materials for next-generation energy devices such as batteries and
fuel cells is based on powder film formation. As with powdered dishes, nano- and micro-scale
complex phenomena in each kneading, coating, and drying affect the macroscopic physical
phenomena. The process development, which has been Japan's strength, is required to achieve
high throughput in the DX era. I introduce Process Informatics as one solution to this
requirement with an example in a powder-film-formation process.

Keywords : Process Informatics; powder film formation, autonomous exploration; Bayesian
Optimization
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1) EREEMED DALY v & AFFED A ZAV—T" > MED T2 DT — & BRENVEL R~
BER AT H~T 47 A BEBONTE, 2020 47 H 5, 511-516.

2) RRADANEFE~T U T RRZEMAILE T T ~ b 7 +— L5(MEEP) ] https://meep.nagato-
u-tokyo.jp/

3) K. Nagai, T. Osa, G. Inoue, T. Tsujiguchi, T. Araki, Y. Kuroda, M. Tomizawa, K. Nagato, “Sample-
efficient parameter exploration of the powder film drying process using experiment-based Bayesian
optimization”, Sci. Rep. 2022, 12, 1615. https://doi.org/10.1038/s41598-022-05784-w

4) YouTube video; https://youtu.be/z1pIU1X jW8
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Acceleration in the development of materials with dispersed silver nanoparticles using
multiscale optical response calculations and machine learning (KONICA MINOLTA, INC.)
(OKo Osawa, Tsuneo Kashiwagi, Shigeru Kojima

Nanoparticle-dispersed materials have potential applications in numerous fields, including
energy-saving thermal barrier films, highly efficient solar cells, and color materials that can be
decorated on demand with less waste. However, achieving the desired optical response
necessitates a considerable development time. In this presentation, using the development of
materials with dispersed silver nanoparticles as a case study, we describe how computational
science, machine learning, and high-throughput synthesis can accelerate R&D process.

Our development process involved the amalgamation of computational science, high-
throughput synthesis, and measurement through machine learning. Initially, automated liquid
hander and UV-Vis plate reader were used for the synthesis and characterization of silver
nanoparticles. This system allowed for the synthesis and evaluation of 96 different conditions
using various dispersants and additives within a few days, marking a significant time savings
compared to manual experimentation. Subsequently, we developed a multi-scale optical
calculation framework that amalgamated first-principles calculations, electromagnetic optical
calculations, and theoretical geometric domain equations. The validity of these calculations
was verified by employing an individual particle shape measurement technique® using atomic
force microscopy (AFM).

We further leveraged machine learning to enhance the efficiency of calculations, processes,
and measurements. By utilizing active learning in large-parameter scanning calculations, we
were able to reduce the required number of computations by a factor of four. The shape of the
silver nanoparticles was transformed into latent variables using a variational autoencoder
(VAE)¥, and a shape search (chromaticity optimization), conducted through Bayesian
optimization® decreased the number of necessary calculations by a factor of 3.4 compared to a
random search. Moreover, high-throughput experiments combined with machine learning
optimized the quantity of material added to the coating ink, reducing the number of experiments
by a factor of four in comparison to a random search. Additionally, we estimated the shape of
silver nanoparticles using rapidly measurable spectroscopic measurements® and confirmed that
the estimated shape moderately corresponded with the measurements obtained from scanning
electron microscopy (SEM).

Keywords : silver nanoparticle, high-throughput synthesis, optical simulation, machine
learning
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Development of high-performance marine biodegradable biomass plastics
(Graduate School of Agricultural and Life Sciences, The University of Tokyo)
(OTadahisa Iwata

This presentation will introduce a series of our laboratory's research results on
biodegradable biomass plastics, including the development of molding and processing
technologies for high-performance real materials using biodegradable aliphatic
polyesters and polysaccharide ester derivatives, elucidation of the correlation
between structure and physical properties using synchrotron radiation, elucidation of
mechanisms controlling biodegradability rate using degradation enzymes, addition of
biodegradation initiation switch functions, and marine degradability evaluation.
Keywords : Biodegradable Biomass Plastics, Marine Biodegradation, Microbial
Polyesters, Polysaccharide Ester Derivatives, Biodegradable Initiation Switch
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1) Recent developments in microbial polyester fiber and polysaccharide ester derivative research. T.
Iwata, H. Gan, A. Togo, Y. Fukata, Polym. J. 2021, 53, 221.

2) Enzymatic Self-Biodegradation of Poly(l-lactic acid) Films by Embedded Heat-Treated and
Immobilized Proteinase K. Q.Y. Huang, T. Iwata, et al., Biomacromolecules, 2020, 21, 3301.

3) A Strategy for Improving Polyester Biodegradation in Seawater: Thermal Embedding of Humicola
insolens Cutinase. Q.Y. Huang, S. Kimura, T. Iwata, Biomacromolecules, 2023, 24, 5836.

4) Microbial decomposition of biodegradable plastics on the deep-sea floor. T. Omura, T. Iwata, ef al.,
Nat. Commun., 2024, in press.
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Practical application of Biodegradable-biopolymer
('Agri-bio&Supplement Research Laboratories, KANEKA CORPORATION)
OShunsuke Sato,!

We have been developing biodegradable-biopolymer (PHBH) to create a sustainable
polymer industry. PHBH is a random copolymer of (R)-3-hydroxybutyrate (3HB) and (R)-3-
hydroxyhexanoate (3HHx) (Fig.1). This polymer is produced by bacteria from renewable
carbon sources such as vegetable oils and sugars. The mechanical properties of the PHBH
depends on the fractions of 3HHx. Thus, it is highly important to regulate the fractions of 3HHx
of the polymer. Therefore, we examined the precise control of the 3HHx fractions by fine-
tuning the expressions of several genes. Following to the fermentation process, PHBH is
purified in a downstream process by using “water process” without any solvent.

Keywords : Polyhydroxyalkanoate, PHBH, Biodegradable-polymer
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Development of bio-based bifuran moiety capable of replacing benzene ring. (‘Graduate
School of Science and Technology, Gunma University & “Gunma University Center for Food
Science and Wellness)O Yuya Tachibana'-*

Almost furan compounds are produced from furfural which is converted from
hemicellulose. Recently, we have been focusing on the bifuran moiety, which is constructed
through the coupling reaction at the 5,5'-position of single furan derivatives, as a novel biobased
building block. The bifuran moiety adopts a rigid structure and has an expanded n-conjugation
between two furan rings to enhance the properties of polymers. In this presentation, we will be
discussing the synthesis and characteristic properties including recyclability of the following
polymers: poly(Schiff base) from bifurfural, poly(bifurfurylene succinate) from bi(furfuryl
alcohol), poly(bifurylidene bisglycerol succinate) from bifurylidene bis(glycerol acetal),
polyamide from bifurfurylamine, and polycarbosilane from dihydrosilylbifuran.

Keywords : Bio-based polymer, furan, inedible biomass, recycling
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Figure 1. a) poly(Schiff base) from bifurfural, b) poly(bifurfurylene succinate) from bi(furfuryl alcohol), c)
poly(bifurylidene bisglycerol succinate) from bifurylidene bis(glycerol acetal), d) polyamide from bifurfurylamine,
e) polycarbosilane from dihydrosilylbifuran

1) Y. Tachibana, K. Kasuya, Bio-based polymers synthesized from furan derivatives, in Biopolymers, Ed. V.
Sessini, S. Ghosh, M. E.G. Mosquera, (2023).

2) Biobased Poly(Schiff-Base) Composed of Bifurfural, Y. Tachibana, S. Hayashi, K. Kasuya, ACS Omega
2018, 3, 5336-5345.

3) Synthesis and Cross-Linking Behavior of Biobased Polyesters Composed of Bi(Furfuryl Alcohol), S.
Hayashi, A. Narita, T. Wasano, Y. Tachibana, K. Kasuya, Eur. Polym. J. 2019, 121, 109333.

4) Chemically Recyclable Bio-Based Polyester Composed of Bifuran and Glycerol Acetal, S. Hayashi, Y.
Tachibana, N. Tabata, K. Kasuya, Eur. Polym. J. 2021, 145, 110242.

5) Synthesis of Biobased Polyamides Containing a Bifuran Moiety and Comparison of Their Properties with
Those of Polyamides Based on a Single Furan Ring, K. Arai, T. Tsutsuba, T. Wasano, Y. Hirose, Y.
Tachibana, K. Kasuya, K. ACS 4ppl. Polym. Mater. 2023, 5, 3866-3874.

6) Recyclable Polycarbosilane from a Biomass-Derived Bifuran-Based Monomer, S. Beppu, Y. Tachibana, K.
Kasuya, ACS Macro Lett. 2023, 12, 536-542.

© The Chemical Society of Japan - A1433-4am-03 -



A1433-4am-04

BARFES B104AEFEFE 2 (2024)

IOHNROBUEFTRERILENRS Y RATFILGEBE D F
7 #4

(RTKWEHT) OKE s

Sustainable Cross-Linked Polymer Materials Based on Radical-Type Dynamic Covalent
Chemistry (Department of Chemical Science and Engineering, Tokyo Institute of Technology)
OHideyuki Otsuka

In this presentation, the self-healing, recycling, stress relaxation, and degradation of
chemically cross-linked polymers based on radical-type dynamic covalent chemistry are
introduced. Specifically, sustainable cross-linked polymer materials were developed by
introducing sterically hindered diaminodisulfide bonds as dynamic covalent bonding units at
the cross-linking points of chemically cross-linked polymers. The reactivity, characteristics,
and working mechanism of the obtained chemically cross-linked polymers are introduced.
Keywords : Dynamic Covalent Chemistry; Cross-linked Polymers, Recycling,; Self-healing;
Polymer Reactions
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Figure 1. (a) Conceptual illustration of an exchange
reaction of dynamic covalent bonds. (b) Synthesis of
a cross-linked polymer by polymerization using a
cross-linker with a dynamic covalent bond.
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SEXEK 1) H. Otsuka et al., Angew. Chem. Int. Ed., 2017, 56, 2016; 2) H. Otsuka et al., ACS Macro
Lett., 2017, 6, 1280; 3) H. Otsuka et al., Angew. Chem. Int. Ed., 2020, 59, 4294; 4) D. Aoki, H. Otsuka
et al., Angew. Chem. Int. Ed., 2020, 59, 4269; 5) D. Aoki, H. Otsuka et al., Polym. Chem., 2020, 11,
3357; 6) D. Aoki, H. Otsuka et al., Macromolecules, 2020, 53, 4670; 7) H. Otsuka et al., ACS Appl.
Polym. Mater, 2021, 3, 888; 8) H. Otsuka et al., ACS Macro Lett., 2021, 10, 558; 9) D. Aoki, H. Otsuka
et al., Macromolecules, 2021, 54, 8154; 10) D. Aoki, H. Otsuka et al., Macromolecules, 2021, 54, 9992;
11) D. Aoki, H. Otsuka et al., Polym. Chem., 2023, 14, 4344; 12) D. Aoki, H. Otsuka et al., Org. Biomol.
Chem., 2024, in press; 13) H. Otsuka et al., in preparation.
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Heterogeneous organic synthesis contributing to carbon neutrality (Tokyo Metropolitan Univ.)
oHiroki Miura

The universal transformation of abundant C(sp®)-O bonds should be a key technology for
achieving carbon neutrality since the C(sp®)-O bond is often found not only in oxygenated
chemical feedstock such as alcohols, ethers, and esters, but also in natural biomass compounds.
In this study, we successfully developed various efficient transformations of C(sp*)-O bonds
mainly by utilizing cooperative catalysis of Au nanoparticles and acid-base site on supports.
Keywords : Heterogeneous catalysts, Gold nanoparticles; C—O transformation
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1) Miura, H.; Hachiya, Y.; Nishio, Y. Fukuta, T. Toyomasu, H.; Kobayashi, K.; Masaki, Y.; Shishido,
T. ACS Catal. 2021, 11, 758-766.
2) Miura, H.; Doi, M.; Yasui, Y.; Masaki, Y.; Nishio, H.; Shishido, T. J. Am. Chem. Soc. 2023, 145.

4613-4625.
3) Miura, H.; Yasui, Y.; Masaki, Y.; Doi, M.; Shishido, T. ACS Catal. 2023, 13, 6787-6794.
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Development of CO; electrolysis technology towards the realization of a carbon recycling
society (Corporate Research & Development Center, Toshiba Corporation) ORyota Kitagawa

Recent efforts towards carbon neutrality have made the reduction and absorption of CO,
essential. Toshiba is developing Power to Chemicals (P2C) technology, which converts CO»
into raw materials for fuel and chemicals. A challenge has been increasing cell throughput.
We've adopted a zero-gap CO; electrolysis cell and improved current density by promoting
CO, diffusion in the cathode catalyst layer. To further increase throughput, we've developed a
CO; electrolysis cell stack with a large electrode area and cooling mechanism to reduce
efficiency loss from heat. This stack has a capacity of 60NL-COx/h, approximately 1t-CO,
annually. I will present our CO, resource technology and the current development status of our
CO; electrolysis cell.

Keywords : CO; electrolysis; CO; electrochemical reduction ;catalyst ; Cell stack
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1) Y. Kofuji et. al., Chem. Lett. (2021), 50, 482.
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Development of Catalytic Systems for Small Molecule Conversions based on Molecular
Assembly ('Graduate School of Science, Tokyo Institute of Technology, *JST PRESTO) OMio
Kondo,'?

Four electron oxidation of water is a reaction which is considered a bottleneck for achieving
artificial photosynthetic reactions. Therefore, the development of a highly active catalyst for
the reaction is strongly demanded. We anticipated that the key to promote a water oxidation
reaction is the acceleration of multielectron transfer process. In this work, novel multinuclear
metal complexes bearing carbazole moieties, which can form charge-transporting biscarbazoles
upon electrochemical oxidation, was synthesized and characterized. By the electrochemical
oxidation of the complexes, polymer-based materials were successfully deposited on electrodes.
The catalytic activity of the polymers for water oxidation was the highest among the relevant
metal-complex-based catalytic systems.

Keywords : Small Molecule Conversion, Metal Complex, Water Oxidation, Electrochemical
Polymerization
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1) (a)M. Okamura, M. Kondo, R Kuga, Y. Kurashige, T. Yanai, S. Hayami, V. K. K. Praneeth, M. Yoshida,
K. Yoneda, S. Kawata, S. Masaoka, Nature, 2016, 530, 465. (b) M. Kondo, S. Masaoka, Acc. Chem. Res.,
2020, 53, 2140.

2) H. Iwami, M. Okamura, M. Kondo, S. Masaoka, Angew. Chem. Int. Ed. 2021, 60, 5965.

3) T. Matsuzaki, H. Iwami, K. Kosugi, T. Kambe, H. Kiuchi, T. Uematsu, S. Kuwabata, Y. Saga, M.
Kondo, S. Masaoka, Manuscript in preparation
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Development of Polymer Materials with Materials Informatics ('Research Center for
Macromolecules and Biomaterials, National Institute for Materials Science) O Masanobu
Naito'

Artificial intelligence (Al) creates recipes, and loT-enabled automated experimental devices
autonomously search for materials. Such a science fiction-like era is just around the corner. The
core technology for this is a smart lab, a collection of automated devices that work in
conjunction with Al. The introduction of smart laboratories in the pharmaceutical and other
fields has been preceded by the introduction of smart laboratories in the pharmaceutical and
other fields, but in the past few years, smart laboratories have rapidly spread to various material
fields in response to the spread of material informatics (MI). In this presentation, we will
introduce our recent efforts to develop new materials using MI tools such as SmartLab,
including several examples.
Keywords : Materials Informatics, Polymer Smart Lab; Data-driven Polymer Design;,
ANTHfe (AD 3L Ea5< Y| 1T b L7z A B FBRAE Y B AN EHER &
179, ZARSF DX I RIERARTSEZETRTND, TOaTHIERDHDD,
Al LHE LA~ — IR E XITND BEEEERE CTH D, IS E 2 &~ DB AN
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Methane oxidation catalysts design via catalysts informatics (' Graduate School of Sciencey)O
Keisuke Takahashi'

Catalytic informatics consists of three main components. These are the "catalyst database,"
the "process of extracting knowledge from data," and the "platform. "1,2,3 Catalyst data sets
can be created through high-throughput experiments and calculations with large-scale data
acquisition and the use of literature data. The knowledge extraction process can actively utilize
data mining and network methods as well as machine learning-based prediction. The
construction of the platform does not require advanced programming techniques, and an
environment for practicing catalytic informatics is readily available. These elements harmonize
with each other and catalytic informatics is formed. This presentation will focus on the
development of methane oxidation catalysts using catalyst informatics.

Keywords : Catalysts Informatics;, Machine Learning; High-throughput Experiment
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1) K Takahashi, el.al, ChemCatChem 11 (4), 1146-1152(2019)

2) K Takahashi,et.al, Cheml Comm 59 (16), 2222-2238 (2023)
3) T Taniike, K Takahashi, Nature Catalysis 6 (2), 108-111 (2023).
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Simulation in the development of electronic materials (Technology Division, Panasonic
Holdings Corporation) O Satoshi Yotsuhashi

In recent years, informatics and simulation have played an increasingly important role in
materials development. We report here on some of the simulation efforts for the development
in the Panasonic Group. There are two main types of simulation technologies that we promote.
One is a multi-scale calculation method that combines the electronic structure calculations and
molecular dynamics or CAE calculations, and the other is a new material search by the
combination of material simulations and machine learning technology. As an example of
multiscale calculation, we will introduce a method for deriving the pressure-enthalpy diagram
and temperature glide defining as difference between the dew and boiling point using quantum
chemical calculations and molecular dynamics, which is necessary for calculating theoretical
efficiencies of environmentally friendly refrigerants. Another topic is a new molecular search
scheme for nonlinear optical response materials using DFT and machine learning techniques.

We will also introduce our recent activities to promote the use of computational techniques
in materials development and to study the use of quantum computing.

Keywords : Quantum Chemistry, Molecular Dynamics;, Machine Learning
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NI XL EBAEFHRE EZ A DY T T 72 H ] iz oW TR T 5,

U H O TIX, MEBRRBLG ~ DR EN O KIEEC, B a s Ea—TF 1
ZIE MR & OROE O] G R TR 5,

1) A A=y MR EBEBTE AT U 7Ot Re e A A B O B E TR R, Kl 2
E, K B, ERE EW, WU B, Panasonic Technical Journal, 2021, 67, 78.
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Organic Transistor-based Chemical Sensors with Pattern Recognition
Techniques (Institute of Industrial Science, The University of Tokyo) oTsuyoshi
Minami

Chemical information derived from various essential markers plays a
significant role in diagnosis, environmental assessment, and food analysis,
whereas chemical sensors for facile detection and analysis have not been fully
established. To this end, the author has used organic transistors functionalized
with supramolecular receptors for pattern recognition-driven chemical sensing.
The presentation will contain the details of sensor designs and their applicability
to real-sample analysis by using pattern recognition techniques.

Keywords : Organic Transistor; Pattern Recognition; Chemical Sensor; Artificial
Receptors; Real-Sample Analysis
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Fig. 1 (a) Schematic illustration of the extended-gate-type OFET chemical
sensor functionalized with a cross-reactive receptor for pattern recognition. The
OFET-based chemical sensor shows various transistor characteristics
depending on analyte structures and their concentrations, which can be used
as fingerprint-like profiles for pattern recognition.

1) A. Hulanicki et al., Pure Appl. Chem., 1991, 63, 1247.
2) T.Minami et al., Phys. Status Solidi A, 2023, 220, 2300469 (Invited Review,
Cover).
3) T. Minami et al., Coord. Chem. Rev. 2021, 429, 213607 (Invited Review).
4) E. V. Anslyn et al., J. Org. Chem. 2009, 74, 4479.
5) T. Minami et al., J. Am. Chem. Soc. 2013, 135, 15238.
6) T. Minami et al., J. Am. Chem. Soc. 2014, 136, 11396.
7) T. Minami et al., Chem. Sci. 2020, 11, 3790. (Cover, Hot Article).
8) T. Minami et al., ACS Sens. 2019, 4, 2571 (Invited Review, Cover).
9) T. Minami et al., Appl. Phys. Lett. 2014, 104, 243703.
0)T. Minami et al., Commun. Mater. 2021, 2, 8.
11)P. Anzenbacher, Jr. et al., Chem. Soc. Rev. 2010, 39, 3954.
12)T. Minami et al., ACS Appl. Mater. Interfaces 2022, 14, 22903 (Cover).
3)T. Minami et al., J. Mater. Chem. C 2021, 9, 11690 (Cover, HOT Paper)
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Development of catalytic resin-degradation reactions and their application to chemical
recycling (Graduate School of Engineering, The University of Tokyo) Kyoko Nozaki

Conventionally, organic-polymer materials were synthesized from fossil resources and were
intended to be discarded after use, namely, the one-way use. On the other hand, these wastes
can be considered as attractive carbon resources. Accordingly, research aimed at reusing
polymer materials is actively conducted globally. In this lecture, the author will present the
current status of their “Resin Degradation Project” since 2021, focusing on catalyst
development for the thermosetting-resin recycling'. Tricks to facilitate decomposition of
olefin-based polymers” and synthesis of CO,-based polymers® will be also briefly presented to
initiate discussions on their potential application in society.

Keywords : Resin; Degradation; Catalyst; Chemical Recycling
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1) (a) Y. Liao, K. Takahashi, K. Nozaki, J. 4m. Chem. Soc. in press. 10.1021/jacs.3c09061. (b) T.
Iwasaki, K. Tsuge, N. Naito, K. Nozaki, Nat. Commun. 2023, 14, 3279.

2) (a) G. Yonezaki, F. Seidel, K. Takahashi, K. Nozaki, Bull. Chem. Soc. Jpn. 2023, 96, 545-549. (b)
S. Tang, F. W. Seidel, K. Nozaki, Angew. Chem. Int. Ed. 2021, 60, 26506-26510.

3) (a) M. Hill, S. Tang, K. Masada, Y. Hirooka, K. Nozaki, Macromolecules 2022, 55, 3311-3316. (b)
S. Tang, Y. Zhao, K. Nozaki, J. Am. Chem. Soc. 2021, 143, 17953-17957. (¢) R. Nakano, S. Ito, K.
Nozaki, Nature Chem. 2014, 6, 325-331.
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Depolymerization of super engineering plastics toward chemical recycling (!Interdisciplinary
Research Center for Catalytic Chemistry (IRC3), National Institute of Advanced Industrial
Science and Technology (AIST), *PRESTO, Japan Science and Technology Agency (JST), 3U.
of Tsukuba) O Yasunori Minami'+?

Super engineering plastics show high thermal stability and mechanical strength as well as
chemical resistance. On the other hand, chemical recycling for these plastics has not been
developed due to their stability. In this lecture, I report our recent development of the
depolymerization of super engineering plastics toward the chemical recycling. One is that the
depolymerization of polyetheretherketone (PEEK) with organo thiolates to form
dithiofunctionalized benzophenone and hydroquinones. The products were applicable to the
synthesis of various polymers. Second is the depolymerization of various super engineering
plastics such as polysulfone (PSU), polyethersulfone (PESU), and PEEK by alkali hydroxides
to form corresponding bisphenols.

Keywords : Chemical Recycling, Depolymerization, Phenol,; Plastic, Sulfur
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1) Y. Minami, N. Matsuyama, Y. Takeichi, R. Watanabe, S. Mathew, Y. Nakajima, Y. Commun. Chem.
2023, 6, 14.

2) Y. Minami, Y. Inagaki, T. Tsuyuki, K. Sato, Y. Nakajima, JACS Au 2023, 3,2323-2332.

3) Y. Minami, R. Honobe, Y. Inagaki, K. Sato, M. Yoshida, Polymer J. DOIL: 10.1038/s41428-023-
00870-w.
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Advanced Plastic Resource Circulation Based on the Physical Degradation and Physical
Regeneration Theory (Central Research Institute Fukuoka University) Shigeru Yao

In Japan, the recycling ratio of plastics is about 85%. However, about 70% of the recycled
plastics are used for energy recovery, about 5% for chemical recycling, and about 25% for
mechanical recycling.

Our laboratory is engaged in the research and development of the advanced repelletizing
process based on the "Physical Degradation/Physical Regeneration Theory" and its
fundamental meso-region internal structure analysis method. In the pelletizing system, we have
devised a new device element called a “Molten Resin Reservoir : MRR”, and are investigating
a very effective mechanism for improving the physical properties of the material derived from
this element. In meso-area internal structure analysis, we are proposing new analysis methods
using SAXS and AFM.

Keywords : Plastic mechanical recycle, Physical degradation, Physical regeneration, Meso-
scale inner structure
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Direct Air Capture by free-standing nanomembranes ('International Institute for Carbon-
Neutral Energy Research, Kyushu University, *Reseach Center for Negative Emissions
Technologies, Kyushu University) OShigenori Fujikawa'~

CO; capture directly from the atmosphere, known as Direct Air Capture (DAC), is essential
to achieving carbon neutrality. CO, capture by membranes is inherently superior to other
technologies because there are no site limitations. However, conventional membranes have low
permeability and their application to DAC has been considered impossible. To change this
common perception, we fabricated a nanomembrane with a thickness of 34 nm and free-
standing properties using a crosslinked polydimethylsiloxane material, and achieved an
overwhelmingly high CO, permeability, several tens of times higher than the world's highest
value.' Further membrane thinning with the thickness of the membrane to 17 nm was succeeded
and its CO, permeability has reached about 50,000 GPU.? In such an ultra-thin membrane, the
sorption behavior of gas molecules on the membrane surface becomes the rate-limiting step. In
other words, the surface molecular design of the separation membrane is extremely important
to improve the membrane performance. We have achieved high CO./N, selectivity by
modifying the membrane surface in various ways.

Keywords : CO; capture, Direct Air Capture, DAC, free-standing nanomembrane
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1) S. Fujikawa, M. Ariyoshi, R. Selyanchyn, T. Kunitake, Chem. Lett. 2019,48, 1351.
2) M. Ariyoshi, S. Fujikawa, and T. Kunitake, ACS Appl. Mater. Interfaces 2021, 13, 51, 61189.
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Particle Adhesion on Thin Liquid Layer

(Department of Chemical Engineering, Chung-Ang University) OSanghyuk Wooh
Keywords: Adhesion; Air Filter; Capillary Force; Surface Modification; Thin Liquid Film

Dry dust filters with small pores have been worldwide used to clean air and now are
everywhere in our daily life. Dust, also called particulate matter (PM), are captured at the
pore of the filters, therefore smaller pores result in higher PM capturing efficiency. However,
air becomes more difficult to pass through the filter as the pores get smaller, which
decreases the air permeability and increases the air pressure drop across the filter. This
dilemma, caused by the low adhesion of solid PMs to the dry solid surface of the filters, has
been one of the most important issue to be overcome on dry dust filter for several decades.
Here, inspired by human nose filtering system with thin mucus coated nasal hairs, we create
a dry dust filter having a thin non-volatile liquid layer at the surface of the pores. The strong
adhesion of PM on liquid thin film improves the PM capturing efficiency without affecting
the air permeability of the filter. The liquid thin film coated filter particularly exhibits
outstanding dust filtering capability at fast speed filtering system with no re-dispersion of
captured PMs. In addition, the suppressed PMs re-dispersion allows a new bi-directional
dust filtering. The Particle Removing Oil-coated Filter (PRO) filter proposes a new
paradigm of dust filtering and opens a new door for fast and efficient air cleaning.

Particle Removing Oil-coated Filter (PRO) Filter
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Solution and Foam Properties of Homogeneous Polyoxyethylene-
Type Nonionic Surfactants with Multi-Branched Chains

(Faculty of Engineering, Tokyo University of Science) OShiho Yada
Keywords: Multi-branched chain; Polyoxyethylene-type surfactant; Aggregation; Foam;
Small-angle neutron scattering

1. Introduction = Double-chain surfactants, comprising two hydrophobic groups and one
hydrophilic group, have been known to exhibit some interesting properties, such as low surface
tension, excellent wetting ability, and formation of vesicles in dilute aqueous solutions.
Surfactants containing branched alkyl chains also exhibit low Krafft temperature, low surface
tension, excellent penetration, and high salt resistance. Herein, we are focusing on branched
double-chains-containing surfactants, which are expected to possess properties of both the
double-chain and branched chain-containing compounds. In this presentation, I would like to
introduce two homogeneous polyoxyethylene (EO) alkyl ether and ester-type nonionic
surfactants with multi-branched double chains: bC7-bCoEO1> and bC7-bCoCOOEO 2, where
bC7 and bCy represent branched chains with total carbon numbers of 7 and 9, respectively,
while EO1, represents dodecaoxyethylene (Fig. 1). Their solution and foam properties were
investigated and compared to those of homogeneous EO alkyl ether and ester-type nonionic
surfactants with symmetric and asymmetric linear double chains (Cg-CsX and Cs-CsX; Cs and
Cs represent linear hexyl and octyl chains, respectively; X

represents EOi;» in dodecaoxyethylene ether and

COOEOQ;; in dodecaoxyethylene ester) as well as a X—{CH,CH,O¥H
conventional surfactant with a linear single chain

(C13EO12). The effects of structures of the branched and

) , . bC7-bCoCOOEO (X = COO)
linear alkyl chains, number of alkyl chains, and structure bC7-bCgEO5(X = CH,0)

of the ether or ester group between the alkyl and EO
chains on the solution and foam properties were also
investigated.

Fig. 1 Structures of homogeneous
EO-type nonionic surfactant.

2. Experiment  Their solution properties were investigated through cloud point, surface
tension, and small-angle X-ray scattering measurements installed at the BL40B2 beamline of
the SPring-8 facility. These foam properties were measured by small-angle neutron scattering
(SANS) using an i-MATERIA installed on the BL20 beamline at the MLF of the J-PARC in
combination with other techniques.

3. Results and Discussion

3. 1. Solution properties?  The surface tension at the critical micelle concentration (CMC)
of homogeneous EO-type nonionic surfactants decreased in the order of linear single chain
(38.2 mN m ") > linear double chain (30.4-32.5 mN m™') > multi-branched double chain (27.9—-
28.8 mN m!) (Fig. 2). An increase in the ratio of methyl groups to the total carbon number of
the hydrophobic group reduced the surface tension. The effectiveness of the adsorption and
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micellization process (CMC/C») ratio increased in the order of linear single chain < linear
double chain < multi-branched double chain. In particular, the CMC/Cy ratio of the multi-
branched double-chain-type surfactants (bC7-bCoEO12 and bC7;-bCoCOOEO;) was
considerably higher than that of the linear single-chain and double-chain ones: this indicates
that the former easily adsorbed at the air/water interface. These results suggest that the

adsorption ability at the air/water - bCy-bCo
- . 40
interface for multi-branched double- = ether type ™
. . = ester type 60
chain surfactants was higher than that of £ . o R
o s i
the linear counterparts. In the & \ g4l
) 5 2 50l
temperature vs. concentration phase 2 30| 5l sl
- 20 +
diagram (Fig. 2), the regions of lamellar é 10|
. . . 25
liquid crystals were extensive because @ Cie  CoCo CoCy BCrbCo 055545 505 8001000
- ,\/\/‘;\\f. VN\:\/OO -(-32(?—‘ Concentration /mmol dm®

of the small interfacial curvature
induced by the steric hindrance of the  Fig. 2 Surface tension at CMC and temperature vs.

multi-branched chains concentration phase diagrams.

3. 2. Foam properties® SANS can provide insight into the microstructure of the surfactant-
stabilized foam. We performed SANS experiments to assess the structures and stabilities of the
homogeneous EO-type nonionic surfactants (bC7-bCoEQ 2, Cs-CsEO12, and Ci3sEO12)-stabilized
foams, thereby revealing the existence of micelles in the films between bubbles containing the
plateau border and determining the average radius of the bubble. The bC7-bCoEQO;, and Cs-
CsEO 1 surfactants with multi-branched chains and double-chains increased the foam stability
compared to Ci;sEOy,. The films between bubbles contained micelles similar to those found in
the bulk solution. For bC7-bCoEO;> and Cs-CgEO1,, the average radius of the bubbles
immediately after foaming was of the order hundreds of um, and finally, these radii became
large to the order of thousands of um. On the other hand, in the case of the CisEO1», the radii
rapidly increased after foaming and the bubbles collapsed (Fig. 3). The 5C7-bC9EQO;, and Cs-
CsEO1» exhibited fast adsorption rates, high interfacial elasticity, and unlike linear CigEO12,
formed rod-like micelles in the foam film. These anisotropic aggregates with their high
interfacial activity were found to stabilize the foam considerably. Thus, this study presents a

first-time account in terms of using bC;-bC4EO;;, C4-C4EO;, C1EOy,
s g
SANS to probe the structure of foams 4 - I —
111 Micelle e e, 57 \:_'

- o5 8nm N
stab'lhz_ed by homogeneogs EO t}fpe K 55’“14;5:-&% .“C"'F m%ﬁ ""‘-’-."i‘.‘ii‘i‘\"%
nonionic surfactants. The information %'!;5,5;, | i1 %

-_.tl, /% mo\,‘.[

on the structure and stability of these ~— Bwdesze %% ﬁ%’? e

hundreds of ym 3: o
~thousands of ym “5?13 & ~thousands of ym -3 5 N

foams is expected to be useful in food, r:
S

. . . s y \\‘._\-?;b >
cosmetics, and other industries. s | ) | soun” %
Drainage

References 1) S. Yada, et al., Colloids Surf.
High F tabili = L
A 2022, 648, 129247. 2) S. Yada, et al., ‘o [ Foam stabilty .

Langmuir 2023, 39(43) 15355-15361 Fig. 3 Microstructure of the surfactant-stabilized
’ ' foam.
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Multicellular lipid compartments for efficient and scalable micro-
compartmentalization with stimuli-responsive release.

Richard Archer,’ Tsuyoshi Inaba,’ Shin-Ichiro Nomura.!
'Graduate School of Engineering, Department of Robotics, Tohoku University
Keywords: Self-assembly; Micro-compartmentalization; Lipids; Controlled release, HIPE.

Multicellular Lipid Compartments (MCLCs) are lipid stabilized High Internal Phase
Emulsions (HIPE), which show remarkable encapsulation efficiencies, with dispersed phase
concentrations far exceeding the continuous phase (Fig 1a). MCLCs have typical internal
phase contents of over 88% leading to tight packed droplets delineated by lipid rich
membranes, leading to their “cellular-like” morphologies (Fig 1b)."? “Cellular” micro-
compartment sizes are typically between 50 to 500 pm depending on formation conditions.
The synthesis process easily achieves milliliter scales within minutes and is highly scalable.
The MCLC can be simply pipetted into an external water phase to create a double emulsion.
Due to MCLCs semi-solid-like properties, 3D printing of vast arrays of micro-compartments
within external aqueous media has been demonstrated (Fig. 1c). MCLC systems are
extremely stable with months-long observations showing no loss of structure or unwanted
release of internal contents. A proposed application for this system is in transdermal drug
delivery by creation of portable and appliable MCLC patches by gelling the external aqueous
phase. Using membrane solubilization techniques to release the contents, we show the unique
morphology can confer advantages in control of the release rate. We also show the controlled
release of the internal contents by environmental triggers which could lead to
environmentally dependent delivery of encapsulated compounds (Fig. 1d).

Water-in-oil

Water-in-oil-in-water

oil ge S @i mm - cm scale 3D
structures in water

Lipids e—
Emulsifier O—
Surfactant O—

Triggeredrelease of internal

Fig.1 Schematic of MCLC system showing (a) Initial components for self-assembly (b) confocal
micrograph of formed MCLC with aqueous phase (green), oil phase (pink) and combined image, (c)
3D MCLC in external aqueous phase (d) Salt triggered membrane solubilization to release internal
contents.

(1) Nomura, S. M.; Shimizu, R.; Archer, R. J.; Hayase, G.; Toyota, T.; Mayne, R.; Adamatzky, A..
ChemSystemsChem 2022, 4 (5), (2)  Archer, R. J.; Hamada, S.; Shimizu, R.; Nomura, S.-I. M.
Langmuir 2023, 39 (14), 4863—-4871.
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Colloidal interaction-mediated wrapping of zeolite crystals with

graphene oxide sheets

(‘Research Initiative for Supra-Materials: RISM, Shinshu University, *Faculty of Engineering,
Shinshu University) OHayato Otsuka,' Kei Kubo,' Daisuke Saeki,"? Katsumi Kaneko!
Keywords: Graphene oxide; zeolite; wrapping; salting out; colloidal stability

Wrapping of inorganic and organic solids is an approach to modify the colloidal
properties of the solids. Graphene oxide (GO)/graphene-wrapping imparts high dispersibility
or electrical conductivity to the solids and has application potentials for batteries and
supercapacitors. GO spontaneously wraps positively charged particles due to the Coulombic
interaction with negatively charged GOs. Wrapping of negatively charged particles is not that
easy way and salting out enables to wrap the negatively charged particles with GO. Control of
the surface properties of GO also is important for better wrapping because the properties of GO
changes with time in colloidal states.' In this study, we examined wrapping of negatively
charged zeolite crystals with GO by addition of ammonium chloride (NH4Cl) with an aid of
colloid chemistry.

We prepared GO dispersions via improved Hummers’ method from Madagascar graphite.
MEFT zeolite crystals dispersed in water were mixed with GO dispersion under the different
concentrations of NH4Cl solution. The mixture was shaken vigorously and then left under the
dark to obtain GO wrapped MFI zeolite crystals (GO-MFI).

The formation of GO-MFI flocculation depends on the concentration of NH4Cl. MFI
zeolite crystals and GOs separate below 0.01 mol dm™, above which GO-MFI flocculation is
formed at the bottom. The negative zeta potential of MFI zeolite and GO particles increases
with increasing the concentration and GO wraps MFI zeolites, when the zeta potential is low
enough. The wrapping process is divided into three stages depending on the concentration (Fig.
1). MFI zeolite and GO particles are separately disperse in the low concentration region and
GO partially wraps MFI zeolites in the middle. Wrapping completes and some GO sheets
bridge GO—-MFI particles in the high concentration range. GO wrapping improves the colloidal
stability of zeolite and the GO~MFTI are stable in aqueous solution for more than two weeks.

Zeolite GO
T i LA

Cation
@ Anion

Low High
Fig. 1 Wrapping process of zeolite with GO.
1) H. Otsuka, K. Kaneko, et. al., Nat. Commun. in third revision.
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The influence of electrostatic and hydrodynamic interactions on
gelation of colloidal particles

('Research Center for Advanced Science and Technology, The University of Tokyo,
2Department of Fundamental Engineering, Institute of Industrial Science, The University of
Tokyo) OJoeri Opdam,' Michio Tateno,! Hajime Tanaka'?

Keywords: Charged colloids; Gelation; Cluster phase; Hydrodynamic interactions; Fluid
particle dynamics simulations

Colloids with short-range attractive interactions can form gels as a result of dynamically
arrested phase separation. Such gels are soft solid materials consisting of a colloidal network
and an intertwined solvent. Due to their interesting transport and mechanical properties,
colloidal gels have many applications in products such as foods, cosmetics and drug delivery.
Generally, colloids in such systems exhibit long-range repulsive electrostatic interactions in
addition to the short-range attraction. The combination of these competing interactions strongly
influences the gelation process®. For example, previous studies have shown that gelation can
occur by the percolation of equilibrium clusters? that have a preferred cluster size due to the
relatively large increase in the number of repulsive interactions upon increasing cluster size.

In this talk, the structure evolution of charged colloidal systems that do not exhibit an
equilibrium cluster phase is discussed. Systematic computer simulations were performed for
different concentrations and interaction potentials. At early stages the aggregation of particles
either results in compact clusters or in a percolating network with thin branches. In both cases,
the final structure can be either a cluster phase or a gel phase depending on the simulation
parameters. The final structures, and thus the mechanical and transport properties, can be
remarkably different depending on the simulation parameters and the structure evolution
pathway, as seen in the figure below which shows slices of representative obtained structures.
Finally, we briefly discuss the influence of hydrodynamic interactions on the structure
evolution. Accounting for hydrodynamic interactions is computationally demanding and
investigating their role in gelation processes is important to guide future simulation studies.

clusters — network network — network clusters — clusters network — clusters

1)A. L. Campbell, V. J. Anderson, J. S. van Duijneveldt, and P. Bartlett, Phys. Rev. Lett. 2005, 94, 208301.
2) J. Ruiz-Franco and E. Zaccarelli, Annu. Rev. Condens. Matter Phys. 2021, 12, 51.
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Clathrate hydrates: A cool way to store carbon dioxide
permanently.

(‘Department of Chemical and Biomolecular Engineering, College of Design and
Engineering, National University of Singapore, Singapore) OPraveen Linga!

Keywords: Gas Hydrates; Clathrate Hydrates; CO, Sequestration, CCS, Ocean
Sequestration

Climate change is known to be dominantly caused by the increased concentration of
greenhouse gases in the atmosphere, in particular carbon dioxide (CO;). The clathrate
hydrate process has been demonstrated over the years as promising technology for
innovative applications like natural gas storage, carbon dioxide capture, seawater
desalination, cold energy storage etc. CO, hydrate, a solid compound made of molecular
CO; enclathrated in crystalline lattices formed by water molecules, is an attractive option to
capture and for long-term CO, sequestration. Methane (CH4) hydrates in oceanic sediments
have been stable for millions of years. As a natural analog, is it possible to store CO, in the
form of hydrates in oceanic sediments forever? In this presentation, the state of the art on
clathrate hydrate technology pertaining to carbon capture and storage will be discussed in
detail. Furthermore, future research and development opportunities and pathways for
commercialization will be discussed.
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Coordination Assembly of Photofunctional Lanthanide-

Organic Architectures

Metallosupramolecular architectures have a wide range of application prospects in recognition and
sensing, biomimetic catalysis, and drug delivery. We have introduced rare earth metal ions, which
bear excellent optoelectromagnetic and catalytic properties, into the structural design of
coordination supramolecular systems. The lanthanide supramolecular edifices overcome the
problem that many metals in coordination supramolecular systems are only used as connecting
nodes and lack their own functionality. We have developed precise assembly and luminescence
control strategies for rare earth coordination supramolecules, and further promoted their
applications in optical sensing, up-conversion luminescence, extraction, and multimodal biological
imaging based on the synergistic effect of inorganic and organic components.

© The Chemical Society of Japan -A1422-4pm-01 -



A1422-4pm-02 The 104th CSJ Annual Meeting

Achieving Circularly Polarized Luminescent Materials Based on
Chiral Multinuclear Complexes

(‘Graduate School of Engineering, Kyushu University, *Center for Molecular Systems
(CMS), Kyushu University) OToshikazu Ono,'*

Keywords: Boron Complexes; Aluminum Complexes; Axial Chirality; Helical Chirality;
Circularly Polarized Luminescence

Materials that exhibit strong fluorescence in both solution and solid states, particularly
those showing two types of left- and right-handed circularly polarized luminescence (CPL),
have recently garnered significant interest. Notably, metal complexes are at the forefront of
CPL materials due to their ability to form various chiral structures based on ligand and
metal ion coordination. However, the propensity to form complexes often compromises
their stability, leading to potential racemization and reduced CPL activity. Therefore, metal
complexes that maintain chiral stability while exhibiting strong luminescence are the
subject of intense modern research.

In this context, our study advances the development of functional dyes derived from
multinuclear complexes of typical elements, highlighting their chiroptical properties.
Specifically, we have focues on synthesizing dinuclear triple-helical complexes,'”
tetranuclear complexes,*” and helicene-like complexes® featuring elements such as
aluminum and boron. Our research demonstrates that these complexes' enantiomers, or
mirror-image counterparts, serve as dyes that display both circular dichroism (CD) and CPL
activity. This presentation will delve into the synthesis processes of these complexes and
share detailed insights into their synthesis techniques and chiral luminescent properties.

(M)-enantiomer  (P)-enantiomer (R)-enantiomer (S)-enantiomer (M)-enantiomer _ (P)-enantiomer
Q_@Ai} \“N\%N;j Q O / N\ /N \ / N\ /N A\
(AL S N N N I F A\ a F
Az NS Fo < L Eon g P WF| RN F o ) F
_N. N7 SN NS | PFle B 0.4 F 0 0 F Y0
\‘A’IV\ /-\NAI\ N N 7 i N N
| A || A S50 | @@ | oo
__ =/ \& =~ e k3
mirror mirror mirror
T.Onoetal., T.Onoetal., T.Onoetal,,
Angew. Chem. Int. Ed. 2021, 60, 2614. Angew. Chem. Int. Ed. 2022, 61, €202204358. in preparation

1) T. Ono and K. Ishihama et al., Angew. Chem. Int. Ed. 2021, 60, 2614. 2) K. Ueno and T. Ono et al.,
submitted. 3) Y. Konishi and T. Ono et al., in preparation. 3) L. Cui, H. Shinjo and T. Ono et al.,
Angew. Chem. Int. Ed. 2022, 61, €202204358. 4) L. Cui and T. Ono et al., J. Mater. Chem. C. 2023,
11,2574-2581. 5) L. Cui, R. Furuta and T. Ono et al., submitted.
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Synthesis of aza[n]helicenes (n = 9-19) and systematic studies on
their (chir)optical and electrochemical properties"

(‘Graduate School of Engineering, Kyoto University) OTakayuki Tanaka', Yusuke Matsuo',
Masayuki Gon', Kazuo Tanaka', Shu Seki'

Keywords: Heterohelicene; Oxidative Fusion Reaction; Aromaticity; Hydrogen Bonding;
Circularly Polarized Luminescence

Heterohelicenes, in which heteroatoms are embedded into the helicene backbones,
have attracted attention because of their excellent luminescence and redox properties.
Generally, heterohelicenes are more electron-rich compared with carbohelicenes, thus their
HOMO energy levels are continuously destabilized with the m-extension. Therefore, it is
difficult to synthesize long heterohelicenes with full conjugation, whereas several
heterohelicenes with a double-layered structure have been synthesized; one example is
diazatrioxa[13]helicene."” Furthermore, a triple-layered structure was accomplished with
oxa[n]helicene (n=17, 19) albeit with disrupted m-conjugation.” To qualitatively evaluate
the electronic properties of helicenes, however, it is necessary to systematically synthesize
fully conjugated heterohelicenes of different lengths, and a new synthetic strategy toward
longer heterohelicene would be indispensable.

We recently reported oxidative fusion reactions of ortho-phenylene-bridged
oligopyrroles to afford various heterocirculenes and heterohelicenes.”’ Notably,
tetraaza[8]circulenes, with planar structures excluding any sterically encumbering
substituents, are fairly soluble in THF and DMSO. This property arises from effective
hydrogen-bonding interactions between the pyrrolic NH site and the H-bond accepting
solvent molecule. Inspired by this molecular design principle, herein we report a synthetic
challenge for longer azahelicenes with outer-pointing pyrrolic NH sites, and a series of
benzannulated aza[n]helicenes up to n=19 were successfully obtained from the
corresponding acyclic precursors.” Comprehensive characterizations by NMR, UV/Vis and
fluorescence spectroscopy, electrochemistry, as well as CD and CPL spectra of the
enantiomers revealed the m-conjugation along the helix and between the layers.

} Oxidative

g \_/ (" m fusion reaction
HN_] N
O

acyclic precursors g;Majn]helicent;s/ ([n]AHSs)

m=2:[9]AH, m = 3:[11]AH
m = 4: [13]AH, m = 5: [15]AH
m =6: [17]AH, m = 7: [19]AH
1) S. K. Pedersen, K. Eriksen, M. Pittelkow, Angew. Chem. Int. Ed. 2019, 58, 18419. 2) J. Nejedly, 1.
G. Stara, 1. Stary et al. Angew. Chem. Int. Ed. 2017, 56, 5839. 3) T. Tanaka, Bull. Chem. Soc. Jpn.
2022, 95, 602. 4) Y. Matsuo, M. Gon, K. Tanaka, S. Seki, T. Tanaka, ChemRxiv.

DOI:10.26434/chemrxiv-2023-4z7z6.

[17]JAH [19]AH

Triple-layered heterohelicene.
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Helical Synthetic Nanographene with Atomic Precision

(School of Chemistry, Sun Yat-Sen University) (OJiaobing Wang
Keywords: Nanographene; Helical; PAH; Chiroptical Properties; Conjugation

Atomically precise synthesis of novel 3D molecular nanographene (NG), comprising
hundreds of conjugated carbon atoms and possessing excellent properties, is one of the most
challenging research topics in modern synthetic chemistry. We create a new research line
featured by a series of giant helical NGs such as superhelicene and supertwistacene,!® which
are prepared in a highly efficient manner via the cyclotrimerization of alkyne and the Scholl
oxidation. These synthetic achievements set a series of new records, which include the biggest
chiral NG ever synthesized in solution, the first helical graphene nanoribbon having a thermally
stable configuration, the polycyclic aromatic hydrocarbon displaying the most prominent light
absorption capability, and the chiral NG showing the strongest Cotton effect. These studies
provide fundamental knowledge for understanding the structure-property relationship of

synthetic NG at a new level of sophistication.

Helical Synthetic Nanographene

v
-

Dozens of new C-C bonds

Clear structure-property relationship

1)Y. Zhu, et al. J. Am. Chem. Soc. 2018, 140, 4222. 2) Y. Zhu, et al. J. Am. Chem. Soc. 2019, 141, 5511.
3) Y. Wang, et al. Angew. Chem. Int. Ed. 2019, 58, 16966. 4) S. Ma, et al. J. Am. Chem. Soc. 2020, 142,
16887.5) Y. Chen, et al. Angew. Chem. Int. Ed. 2021, 60, 7796. 6) Y. Zhu, et al. Acc. Chem. Res. 2023,

56, 363.
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Vibronic Analysis and Design Strategy for Circularly Polarized
Luminescent Molecules with Large Dissymmetry Factors

(‘Graduate School of Engineering, Osaka University, >JST-PRESTO)
OFumitaka Ishiwari'?

Keywords: Circularly Polarized Luminescence, Truxene, Vibronic Analysis,
Herzberg—Teller Effect

Recently, significant effort has been devoted to creating new molecules that show
circularly polarized luminescence (CPL) and can be applicable to devices from both
experimental and theoretical approaches. The gum value is approximately represented by gum
 (|m|/|u|)-cos@), where 0 is the angle between electric transition dipole moment g and magnetic
transition dipole moment m. Lanthanide complexes are representative examples that exhibit
large gium values due to their small |¢| values arising from the symmetry-forbidden nature of f-f
transitions. Here we show a new design strategy to achieve a large gium for based on the
symmetry-forbidden transition of m-conjugated molecules. This approach was successfully
demonstrated by the fact that trivial syn-5,10,15-trisubstituted truxenes' exhibit excellent CPL
of the order of 10 We showed that the molecular vibration dramatically lowers the CPL
property through Herzberg-Teller vibronic analysis’ and variable-temperature CPL
measurement. Furthermore, at low temperatures, syn-5,10,15-trimethyltruxene exhibits long-
lifetime and strong phosphorescent CPL, which can be analyzed by calculating transition dipole
moments using molecular orbitals in the triplet excited state. Finally, a conformationally rigid
double-decker-type truxene with robust CPL properties at high temperatures was applied as an
emitter of electroluminescence device exhibiting circularly polarized electroluminescence with
high g value. This study provides not only a new design strategy to achieve high g values, but
also insights into the gap between experimental and theoretical CPL properties, as well as
phosphorescent CPL property of molecules.

R Q R Vibronic Analysis:

Theoretical Analysis g A> Herzberg-Teller Effect

for Circularly Polarized @

Og M=o + ZHa
Phosphorescence Q
Qﬁ R =

CP-OLED Application
Cs-chiral Truxenes
Symmetry-forbidden HOMO-LUMO Transition
Elum ~10-?

1) A. M. Echavarren, et al., Chem. Eur. J. 2002, 8, 2879. 2) F. Santoro, et. al., J. Comput. Chem. 2023,
44, 626.
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Analysis of non-radiative decay pathways using quantum chemical calculations: Application
to photoredox-catalyzed radical reaction (‘WPI-ICReDD, Hokkaido Univ., 2JST-ERATO)
OYu Harabuchi'?

The Photoresponse of molecules is understood by four processes, i.e. internal conversion,
intersystem crossing, fluorescence, and phosphorescence. In the mechanistic analysis of
photoreactions based on quantum chemical calculations, it is important to obtain the conical
intersection (CI) and seam of crossing (SX) regions because non-radiative decays efficiently
occur via these regions. We proposed systematic search methods for CI and SX geometries and
analyzed various types of photofunctional molecules. Explorations of non-radiative decay
paths were effective in the mechanistic analyses of molecular fluorescence, ultrafast decay
processes of molecules, and photoreactions of metal complexes where both singlet and triplet
states contribute. Recently, we investigated the mechanism of Knowles’s light-promoted
catalytic intramolecular hydroamination using systematic reaction path exploration. The
obtained reaction path network includes reaction paths via transition states and non-radiative
decay paths through SXs between different electronic states. It was shown that the bond
formation/cleavage competes with single electron transfer (SET) between the catalyst and
substrate. The energetically favorable SET path was determined by introducing a practical
computational model representing SET as non-adiabatic transitions via SXs between the
substrate's potential energy surfaces for different charge states adjusted based on the catalyst's
redox potential. Calculations showed that the reduction and proton shuttle process proceeded
concertedly. Also, the relative importance of SET paths varies depending on the catalyst's redox
potential, affecting the yield.

Keywords : Quantum chemical calculations; Reaction path network; Reaction path search;
Conical intersection; Seam of crossing
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1) Y. Harabuchi, S. Maeda, T. Taketsugu, N. Minezawa, and K. Morokuma, J. Chem. Theory
Comput. 2013, 9,4116. 2) S. Maeda, Y. Harabuchi, T. Taketsugu, and K. Morokuma, J. Phys. Chem.
A 2014, 118, 12050. 3) Y. Harabuchi, T. Taketsugu, and S. Maeda, Chem. Phys. Lett. 2017, 674,
141. 4) Y. Harabuchi, M. Hatanaka, S. Maeda, Chem. Phys. Lett. X 2019, 2, 100007.
5) K. Ikemoto, T. Tokuhira, A. Uetani, Y. Harabuchi, S. Sato, S. Maeda, H. Isobe, J. Org. Chem.
2020, 85, 150. 6) Y. Harabuchi, T. Taketsugu, and S. Maeda, Phys. Chem. Chem. Phys. 2015, 17,
22561. 7) Y. Harabuchi, T. Taketsugu, S. Maeda, Chem. Lett. 2016, 45, 940. 8) Y. Harabuchi, K.
Saita and S. Maeda, Photochem. Photobiol. Sci. 2018, 17, 315. 9) N. Aizawa, Y. Harabuchi, S
Maeda, Y. -J. Pu, Nat. Comm. 2020, 11,3909. 10) Y. Yamakita, N. Yokoyama, X. Bing, N. Shiokawa,
Y. Harabuchi, S. Maeda, T. Kobayashi, Phys. Chem. Chem. Phys. 2019, 21, 5344. 11) Y. Harabuchi,
J. Eng, E. Gindensperger, T. Taketsugu, S. Maeda, and C. Daniel, J. Chem. Theo. Comp. 2016, 12,
2335.12) K. Saita, Y. Harabuchi, T. Taketsugu, O. Ishitani, and S. Maeda, Phys. Chem. Chem. Phys.
2016, /8,17557.13) A. J. Musacchio, L. Q. Nguyen, G. H. Beard, and R. R. Knowles, J. Am. Chem.
Soc. 2014, 136, 12217. 14) Y. Harabuchi, H. Hayashi, H. Takano, T. Mita, S. Maeda, Angew. Chem.
Int. Ed. Engl., 2022, 62, ¢202211936.
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Assembling and aggregation of plasmonic nanoparticles towards efficient use of photoenergy
(School of Engineering, The University of Shiga Prefecture) OTsuyoshi Akiyama

Plasmonic gold and silver nanoparticles absorb light due to their plasmon resonance. When
such nanoparticles absorb light, localized enhanced electric fields are generated around the
nanoparticles within nano-space. These electric fields can excite photoactive molecules and
substances same as light, which can be used as nano light source. Further strong electric fields
are generated between micro gap between nanoparticles, whose estimated maximum intensity
achieve few tens of thousands of times comparing to irradiated light power. Hence, the control
of distance and arrangement of plasmonic nanoparticles is important issue.

Our research group has developed and fabricated assemblies consisting of plasmonic gold
and silver nanoparticles as dispersed particles on flat substrates, two-dimensional ultra-thin
film assemblies of nanoparticles, and three-dimensional nanostructures consisting of fused
nanoparticles. The preparation principal of these nanoparticle assemblies, and practical
fabrication protocols will be summarized and introduced in the presentation.

Keywords : Plasmonic Nanoparticles; Gold Nanoparticles;, Liquid-liquid Interfacial
Precipitation; Salting Out; Electrostatic Adsorption
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1) J. Turkevich, P. C. Stevenson and J. Hillier, Discuss. Faraday. Soc., 1951, 11, 55.

2) P. C. Lee and D. Meisel, J. Phys. Chem., 1982, 86, 3391.

3) Y. Kuwahara, T. Akiyama and S. Yamada, Langmuir, 2001, 17, 5714.

4) T. Akiyama, A. Masuhara, Y. Matsuda, T. Arakawa, T. Munaoka, T. Onodera, H. Oikawa and S.

Yamada, Jpn. J. Appl. Phys., 2011, 50, 04DH15.

5) K. Sugawa, T. Akiyama, Y. Tanoue, T. Harumoto, S. Yanagida, A. Yasumori, S. Tomita and J. Otsuki,
Phys. Chem. Chem. Phys., 2015, 17, 21182.
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Emulsification and dispersion in cosmetics and skin cleaning (Graduate School of Science and
Engineering, Yamagata University) O Yoshimune Nonomura

An important science for developing cosmetics is interfacial chemistry, in addition to
dermatology and hair science because cosmetics contain water, oil, and powder, that are
inherently immiscible. Therefore, emulsions and dispersions have long been studied as a core
technology for cosmetics and skin cleansers. As a result, not only preparation technologies for
long-term stable emulsions and dispersions, but also formulations such as nanoemulsions, bi-
continuous emulsions, and Pickering emulsions have been developed and applied. This
presentation will review a bird's-eye view of the history of these emulsions and dispersions in
the field of cosmetics and body cleansers, and will also introduce raw materials of plant origin
that have recently attracted attention.

Keywords : Emulsion; Dispersion; Cosmetic, Body cleanser
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Physicochemical property of emulsions stabilized with interfacial membrane generated through
vesicle/disc structural transition (School of Pharmacy and Pharmaceutical Science, Mukogawa
Women'’s University) OKei Watanabe

Emulsions are non-equilibrium. For this reason, the products vary depending on the
preparation process, and their state changes with time. Furthermore, it is known empirically
that emulsification properties (preparation and stability) vary with the type of oils. In this study,
emulsions with a lamellar liquid crystal phase as the adsorption layer at the emulsion interface
were investigated. The properties of O/W emulsions formed with water and oil phases, which
are the excess solvent phase separated from the lamellar liquid crystal phase were studied based
on the phase equilibria of a ternary system.

Keywords : Emulsion, Lamellar liquid crystalline phase, Vesicle, High internal phase emulsion,
Electron microscopy
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1) K. Watanabe et al., J. Oleo. Sci.. 2023, 72, 693-708.
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Preparation of cosmetic emulsions and their evaluation
Sadanori Ban

Most cosmetics are dispersed colloids, which are thermodynamically unstable systems.
Among cosmetics, skin care cosmetics include emulsions composed of water and oil, and the
composition of water and oil changes according to the skin care application. Depending on
the composition of water and oil, the viscosity, a physical property of cosmetics, can range
from high to low. On the other hand, emulsions are prepared by either the dispersion method
or the condensation method, and in the cosmetics field, the latter is used due to the
manufacturing process. In this presentation, we will explain the preparation method of
emulsions used in cosmetics and report on the evaluation method of the stability of cosmetic
emulsions. In particular, the evaluation methods for each cosmetic material type from the
prototype to the product level, such as particle system measurement, zeta potential
measurement, thermal measurement, X-ray diffraction, and electron microscopic observation,
will be explained with actual examples.

Keywords ' Cosmetic, emulsion, Stability, dispersion
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History and Prospects of Data-Driven Chemistry (Data Science Center, Institute of Science
and Technology) Kimito Funatsu

In 1965, the DENDRAL project was started at Stanford University?. It was the world's first
challenging project in chemistry by Edward A. Feigenbaum, Bruce Buchanan, Joshua
Lederberg, and Carl Djerassi, to analyse data obtained from mass spectrometry and use
knowledge of organic chemistry to determine the structure of organic compounds of unknown
structure. It was the first challenging project of its kind in the world for chemistry. As software,
DENDRAL is considered the world's first expert system and artificial intelligence, as it
automates the decision-making and problem-solving process as a chemist would do. Sixty years
have passed since then and the state of the world of data-driven chemistry has changed
dramatically, and there is no longer any turning back of the trend and awareness of the need for
it. This lecture provides an overview of the history of data-driven chemistry at home and abroad,
as well as a full overview of the current targets of data-driven chemistry initiatives, with a focus
on what issues have been addressed in the history of the field. It will also touch on what data-
driven chemistry aims to achieve in the future and consider what chemical researchers should
consider while developing data-driven chemistry.

Keywords: Data-driven chemistry, Chemoinfomatics, Materials Informatics, Process
Informatics, Research transformation cycle.
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1) Lindsay, Robert K., Bruce G. Buchanan, Edward A. Feigenbaum, and Joshua Lederberg,

Applications of Artificial Intelligence for Organic Chemistry: The Dendral Project.
McGraw-Hill Book Company, 1980.
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Opportunities and Challenges in Data-Driven Materials Research: Overcoming the Barrier of
Limited Data (' The Institute of Statistical Mathematics, Research Organization of Information
and Systems) ORyo Yoshida'

Needless to say, the most crucial resource in data-driven materials research is data. In this
talk, we will present machine learning methodologies and strategy for overcoming the hurdle
of limited data, and our collaborative efforts between academia and industry for co-creating
common foundational database of polymer properties. One strategy to overcome the barrier of
limited data resources is the integrated analysis of limited amounts of experimental data and
massive data obtained from computer simulations. To achieve this, we are developing the open-
source software RadonPy, which automates polymer property calculations through all-atom
classical molecular dynamics simulations [2]. Currently, we have formed an industry-academia
collaboration consortium (involving 5 universities and 32 companies) and are developing a
comprehensive polymer property database covering the chemical space of 10°-107 polymers
using the supercomputer "Fugaku." In this talk, we will showcase several key applications of
RadonPy, such as polymer property prediction based on Sim2Real transfer learning using the
RadonPy database, polymer material automated design system consisting of automated
computational experiments with RadonPy, molecular design using generative Al, and a
sequential experimental planning through multi-objective Bayesian optimization.

Keywords : Machine Learning; Descriptor; Explainable Al; Database; Crystal Structures
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R IC X B HEEE T — 2 A OB MAEFEEBRNL, v TV TAXA v 7+
~T 4 7 ADHIRENFRELEZH LS. T2 EFOEELAFEYEZ 570D —D>D )
ik, EBT—2Llvial—vavri—XORAMITTSH 5. AT F i
FENF Y Iar—vavicksma YR 28T 24 —-T vy —2 Y
7 b7 =7 RadonPy DBIRZHEEL T3 [2]. E¥EEED vy —> 7 4 (BKET
1EWF -5 K- 32 RZEICIE T 5 189 435 2L, A——avvta—% 5
El ZHWT 10-107 BV = =282 7 S A ZA— 22T 2 @m0 tEs — %
R—2%[AF L T3, KT, RadonPy 7 — & X— X% F\»7- Sim2Real 5%
RO K E YT, RadonPy HENFFRMEFER - ARK AL+ % HIY~ 4 X i
b2 LR S N2 @ THEBBIEGH 27 48 2 0FEW R &2 ANT 5.

[1] Aoki et al., Multitask machine learning to predict polymer-solvent miscibility using Flory-Huggins
interaction parameters. Macromolecules 56, 5446-5456 (2023).

[2] Hayashi et al., RadonPy: automated physical property calculation using all-atom classical molecular
dynamics simulations for polymer informatics. npj Computational Materials 8, 222 (2022).
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Materials Integration for inverse materials/process design from desired performance
('National Institute for Materials Science) OMasahiko Demura

Designing materials and processes from the desired performance is a typical inverse problem
of materials development, which follows the reverse of the causality relation. Solving this
requires a trial-and-error approach with repeated analysis of forward problems. The idea of
accelerating it by utilizing computation and artificial intelligence is materials integration, and
Mlint is the system that implements this concept. Although the proof of concept has been
demonstrated mainly for metallic structural materials, the approach and concept can be widely
applied to materials in general. In this presentation, the author will introduce a case study in
which a new heat treatment method was devised through collaboration between Al and experts,
utilizing MlInt.

Keywords : Computational Materials/Process Design; Structural Materials;, Academia-
Industry collaboration digital platform; Data-driven R&D
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1) T UTNAAL T 7 b—a Ok RS Tz, # L. 2023, 109, 490.

2) Artificial intelligence inspired design of non-isothermal aging for vy - v ’ two-phase, Ni- Al alloys.
V. Nandal, S. Dieb, D.S. Bulgarevich, T. Osada, T. Koyama, S. Minamoto, M. Demura, Sci. Rep.
2023, 13, 12660.
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Government initiatives based on Materials Innovation Strategy (Ministry of Education, Culture,
Sports, Science and Technology) Hiroko Takuma

Materials are an important fundamental technology that contributes to
the realisation of Society 5.0 and the transformation to the sustainable
society that balances economic development and the resolution of social
issues. Innovation in this field needs to be accelerated through the use of
data and AI, based on Japan’s strengths.

In April 2021, the Japanese Government formulated the Materials Innovation
Strategy. This presentation will introduce the Government’s efforts to
promote ~data—driven R&D’ based on this strategy, with a focus on the Ministry
of Education, Culture, Sports, Science and Technology’ s initiative, Materials
DX Platform.

~7 U T UIE, Society5.0 ZFEHL L, #REEFERE & i MR & WL 3 5 Fifd 7T 6E
IRAE S~ ORRERICE BT 2 EE RSB TH Y | MBEOBAINIH LT, 7—%
RAIDIFERICL DA /) _X—=2 g OIERRD 5 TVET,

BOUMIX, 2021 2 4 Al =7 U 7 VE 58 bikEs ) 25RE L E Lo, AT
X, R IC IS < T — & BREVRIBFFEB 7 ) 2 HEdE 3 2 BOF O BGH 2 SCE R4
~FUTADXTFTy N7+ —2&5FLE LTI THTFETT,
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Integration of automated robotic experiments and artificial intelligence accelerates discovery
of novel materials for advanced rechargeable batteries ('National Institute for Materials
Science) OShoichi Matsuda,’

The electrolyte material is an important factor that determines the performance of storage
batteries, but there are a huge number of combinations of liquid compositions, and the search
space for materials is extremely wide. Recent advances in automated experiment technology
and artificial intelligence (AI) technology are establishing methodologies to efficiently
discover electrolyte compositions that maximize battery performance from such a vast material
space. In this lecture, we will provide an overview of the electrolyte search method using
automated experiment technology and provide an overview of its future prospects.

Keywords : rechargeable batteries, electrolyte, automated experiments
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1) S. Matsuda et al. Scientific Reports, 9, 6211 (2019)
2) R. Tamura, S. Matsuda et al. STAM method, 3, 2232297 (2023)
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Utilization of Batch-type Automated Reactor System and Construction of Chemical Reaction
Space (‘Institute for Molecular Science-SOKENDAI (The Graduate University for Advanced
Studies) ONorie Momiyama'

The development of reactions is fundamentally important to produce valuable functional
molecules in the field of organic synthesis. In the course of conventional research process,
exploring chemical reaction is essential, enabling a variety of molecular transformations in
organic synthesis. Over the past 25 years, digital technology has been dramatically advanced,
playing a crucial role in organic synthesis. However, the approach in organic synthesis has not
significantly changed over the past 25 years. Since 2020, we have examined the development
of chemical reactions utilizing automated reactor system and the construction of chemical
reaction space by machine-learning. In this presentatiom, we introduce our recent success in
synthesizing small-molecule drug analogs, providig an overview of our new approach to the
development of chemical reactions.

Keywords : Automated Synthesis; Al; Machine-Learning; Organic Synthesis; Physicochemical
Parameters
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1) Manuscript is under preparation for submission.
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Function-Oriented Control of the Amino Acid Sequence for Filamentous Virus through
Machine Learning (School of Materials and Chemical Technology, Tokyo Institute of
Technology) OToshiki Sawada

M13 phage, a filamentous virus, is composed of its genetic DNA and plural proteins. M13
phages are well-known to be self-assembled into regular structures in a liquid crystalline
fashion and are genetically modified to introduce various functions. We have found that M13
phages are utilized as material components with various functions such as hydrogels and films.
In this study, we constructed a phage library displaying dipeptides by genetic engineering and
their functional properties are measured. The data was used as train data for machine learning
to construct a prediction model of the genetically engineered M 13 phage. As a result, we found
that amino acid sequences of phage proteins to express desired material functions can be
predicted by machine learning.

Keywords : Filamentous Virus, M13 bacteriophage; Genetic Engineering; Machine Learning,
Thermal Diffusivity
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Application of mass spectrometry to the elucidation of the pathogenesis of allergic diseases and
their diagnosis and treatment ('Graduate School of Agriculture and Life Sciences, The
University of Tokyo) (OTakahisa Murata !

The number of patients suffering from allergic diseases such as food allergy, hay fever, atopic
dermatitis, and asthma continues to increase every year, and one-third of the population now
suffers from some form of allergic disease. However, there are still many unknowns, and no
methods have yet been proposed to reduce the number of patients.

Lipid metabolites that are metabolized and produced from fatty acids extracted from cell
membranes and have physiological activity are called "bioactive lipids. Although
prostaglandins and leukotrienes are well-known as bioactive lipids that cause inflammatory
reactions, it has become clear that there are many fatty acid metabolites in our bodies, including
those whose bioactivity has not yet been clarified. By looking at the dynamics of their
production in vivo, we can understand when and where biological reactions are occurring.

Our laboratory has been conducting research applying lipidomics technology to animal
models and human patients to clarify (1) what allergic reactions are, (2) why changes in the
living environment have increased allergic diseases, and (3) how they can be cured. We have
also conducted numerous evaluations using specimens such as urine, stool, tears, and nasal
discharge, which can be collected noninvasively and easily applied to actual diagnosis, and
have identified various candidate disease markers.

This talk, entitled "Lipidomics Applied to the Pathophysiology of Allergic Diseases and its
Application to Diagnosis and Therapy," will introduce the results obtained in the above research.
Keywords : Lipidomic, Allergy, Bioactive lipid, Mass spectrometer
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1)
2)

3)

4)

5)

PGD2 deficiency exacerbates food antigen-induced mast cell hyperplasia. Nakamura T, et al.
Nature Communications. 6:7514 2015.

Production of lipid mediators across different disease stages of dextran sulfate sodium-induced
colitis in mice. Hamabata T, et al. Journal of Lipid Research. 59(4):586-595.2018.

Urinary PGDM, a prostaglandin D2 metabolite, is a novel biomarker for objectively detecting
allergic reactions of food allergy. Inagaki S,et al..J Allergy Clin Immunol. S0091-6749(18)30995-
3.2018.

5,6-dihydroxy-8Z,11Z,14Z,17Z-eicosatetracnoic acid accelerates the healing of colitis by
inhibiting transient receptor potential vanilloid 4-mediated signaling. Kobayashi K, et al. The
FASEB journal. 35(4):e21238. 2021.

Urinary lipid profile of atopic dermatitis in murine model and human patients. Nagata N, et al.
FASEB J. 35(11):€21949. 2021.
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Facilitating medical research and development by global data sharing
O (KEN)EDE ME - BXEEZBR R W

O Central Institute for Experimental Medicine and Life Science,
Professor Emeritus Makoto Suematsu

Multiple gaps among different stakeholders in medical development
result in considerable delay for the achievements. One of such gaps
includes never—sharing behavior of individual researches who might
compete each other. To maximize benefits for patients, data sharing
among many different institutions and hospitals benefits patients
through accelerating medical development. Experience happening in
Japan during the COVID-19 period serves as an important lesson for
fighting against infection and other medical task in the near-future.
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Analytical measurement, automation, and Al technologies for regenerative medicine and next-
generation therapeutic drug development (4Analytical & Measuring Instruments Division,
Shimadzu Corporation) OToru Ezure

To apply pluripotent stem cells to regenerative medicine and drug discovery applications, it
is essential to establish the technology to manufacture high quality and large amount of stem
cells. To realize the technology, it is important to establish a method to evaluate the quality of
stem cells, and this has become a major challenge.

Therefore, we have established the methods to evaluate cell quality through cell culture
media analysis and morphological observation. In this presentation, I will introduce our
evaluation technology, including the latest examples of optimization and quantification of cell
culture conditions using these analysis technologies and Al
Keywords : Analytical Measurement, Automation, Al Technologies
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Shimadzu Effort for Healthcare Business (Shimadzu Corporation) Hiroki Nakajima

In the clinical business with utilizing analytical technology that we are promoting, we are
focusing on three areas: clinical diagnosis, microbial testing, and cell business. Among these,
in the fields of (D clinical diagnosis and (@) microbial testing (clinical), we will aim to create
new customer value by mainly deploying mass spectrometers as medical devices in the market.
@ Inclinical diagnosis, immunoassay devices are currently mainly used for clinical tests using
blood and urine as a samples, but mass spectrometers have features such as simultaneous multi-
component analysis and low running costs. We are leveraging group companies acquired
through M&A to expand our testing reagent kits, strengthen connections between hospital
networks and equipment, and promote the widespread use of mass spectrometers as a platform.
@ In microbial testing (clinical), by combining our mass spectrometer with identification and
susceptibility testing equipment and culture media, we can improve the speed of testing and
provide one-stop solutions for the entire testing workflow.
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Alzheimer's disease plasma analysis by mass spectrometry (' Graduate School of Medicine, The
University of Tokyo) OYoshiya Oda,'

Plasma proteomics using mass spectrometry is not easy to detect low-expression proteins
such as cytokines, and its quantitative accuracy is not good. Therefore, plasma proteomics
using the Proximity Extension Assay, an immuno-PCR method, was performed. Mass
spectrometry was used for plasma lipidomics. These two methods were performed on 282
Alzheimer's disease plasma samples. 1000 plasma proteins and approximately 700 lipids were
detected. Among them, many of which are involved in vascular injury and protection, were
altered. In addition, several lipid-associated proteins were significantly altered. In some cases,
individual proteins altered neighboring factors, but there were also several factors that moved
in the opposite direction of what would be expected. It seems that the body has a feedback
mechanism to try to maintain homeostasis. For lipids, the relationship with the degree of
unsaturation is of interest, and the degree of unsaturation of fatty acids has been implicated in
cardiovascular risk. Some bile acids can damage the vascular endothelium. Considering the
results obtained in this study together with the events already reported, slight changes in
homeostatic function may be related to vascular endothelial cells, as Alzheimer's disease is a
chronic disease that progresses very slowly, from the Preclinical stage to the onset.
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