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Droplet World Hypothesis: Approaching the Origins of Life via Supramolecular Chemistry
('Graduate School of Engineering, Hiroshima University) OMuneyuki Matsuo'
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Figure 1. Proliferating peptide-based droplet.

In the research field on the origins of life, the chemical evolution scenario, in which primitive
organic chemicals were spontaneously converted into polymers and then to proliferating
molecular aggregates to form primitive cells, was proposed by Oparin approximately a century
ago". However, the emergence of a proliferating system from primitive monomers has not been
demonstrated. We report the construction of a proliferating peptide droplet using a novel amino
acid thioester as a monomer and achieving spontaneous generation of peptides and self-
assembly of the generated polymer under the same conditions (Fig. 1). The formation of
proliferating coacervate droplets via physical autocatalysis suggests a novel hypothesis, the
“Droplet World” (Fig. 2).

Amino acids (AAs), including cysteine, and hydrophobic thiols (R-SH) were generated
inside a geyser at high temperature, high pressure, and strong acidity/strong alkalinity,
resulting in an organic soup. The soup that was released from the geyser formed a water pool
on an iron-containing ground, where Fe** was reduced to Fe** to produce thioester monomers.
The thioester monomers spontaneously polymerized and transformed into peptide droplets via
phase separation. Fe*" exposed to the UV light could be oxidized back to Fe*" ? after water
evaporation. The droplets recursively grew and divided due to the intermittent release of the
organic soup from the geyser and the shear force caused by its flow.

Keywords: Droplet World, coacervate, thioester, self-reproduction, physical autocatalysis
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1) Oparin, A. L. The origin of life. (Proiskhozhdenie
Zhizni, lzd. Moskovskiy Rabochiy, 1924). 2) Barge, L.

M. Nat. Commun. 9, 5170 (2018). 3) Matsuo, M. et al. Soup ejection
Sci. Rep. 9, 6916 (2019). 4) Matsuo, M. ef al. Shear
Micromachines 11, 606 (2020). Figure 2. Droplet World hypothesis.

© The Chemical Society of Japan -S01-3am-01 -



S01-3am-02 AZ{b2a B1015SE2 (2021)

YA U BEFIZED S BIRREHIEIC & S EHMMMEL LRI &
XR1t
(FEFMARH) o RPIHIE - A THOL - PEERE] - BRI - s

Innovative Fine Emulsification Technology by Dynamic Interface Control based on Micro
Chemistry, and its Commercialization (Kao Corporation) o Yuka Oonishi, Takafumi Kinoshita,
Takaaki Naito, Shunsuke Takagi, Akihiko Takahashi

Recently, in the field of cosmetics, fine emulsion is required to improve the function of
products. However, conventional emulsification methods have problems, for example low
productivity and the need for a large amount of surfactants. In order to solve these problems,
we focused on the phenomenon that the interfacial tension is extremely reduced for a little
millisecond order immediately after oil-water contact by adding a small amount of a specific
water-soluble surfactant in the oil phase. In this study, by using a micro-chemical process, it
was possible to apply shear to the interface of the short-life low interfacial tension state. When
we tried emulsification using this technology, it was confirmed that fine emulsion could be
made with condition of less input energy and a smaller amount of surfactant compared to the
conventional technology (homomixer).

Applying this technology to emulsification of moisturizing ingredient for cosmetics
"ceramide functional ingredient" that are difficult to stabilize, it was realized that "with a small
amount of surfactant, an effective amount of ceramide functional ingredient are stably blended
into low-viscosity formulations". Also, we established an industrial manufacturing process
which enables both rapid mixing of a little millisecond order and high productivity of ton/h
scale, and we achieved commercial production of the above formulations.

Keywords : micro-chemical process, emulsion, mixing
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Development of Pyrolysis Process for Chemical Feedstock Recovery from Hard-to-Recycle
Waste Plastics ('Graduate School of Environmental Studies, Tohoku University) O Shogo
Kumagai'

The global waste plastic generation is steadily growing, which has driven substantial and
rapid growth in worlds’ plastics recycling capacity to meet the needs for sustainable plastics
use. Therefore, immediate and substantial promotion of research and development of
technologies for plastic waste recycling is in high demand. In this presentation, global trends
of plastic waste and recycling will be introduced. Then, the author’s research regarding
development of pyrolysis processes for hard-to-recycle waste plastics will be explained.
Specifically, simultaneous recovery of benzene-rich oil and metals from metal-poly(ethylene
terephthalate) composite, phenol recovery from polycarbonate, and simultaneous syngas
recovery and removal of hydrogen cyanide from polyurethane wastes, will be selected as
examples. Also, the author has developed in-sifu analytical techniques of pyrolysis products
during pyrolysis, which will be introduced in the presentation. The author believes that
feedstock recycling via pyrolysis technologies is of considerable importance to enable
substantial enhancement in the world’s recycling capacity.

Keywords : Plastics; Feedstock Recycling; Pyrolysis; analytical pyrolysis; Pyrolysis-gas
chromatography
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1) Simultaneous recovery of benzene-rich oil and metals by steam pyrolysis of metal-poly(ethylene
terephthalate) composite waste, S. Kumagai et al., Environ. Sci. Technol., 2014, 48, 3430.

2) Tandem p-reactor-GC/MS for online monitoring of aromatic hydrocarbon production via CaO-
catalysed PET pyrolysis, S. Kumagai et al., React. Chem. Eng., 2017, 2, 776.

3) Selective phenol recovery via simultaneous hydrogenation/dealkylation of isopropyl- and
isopropenyl-phenols employing an H2 generator combined with tandem micro-reactor GC/MS, S.
Kumagai et al., Sci. Rep., 2018, 8, 13994,

4) Simultaneous recovery of H2-rich syngas and removal of HCN during pyrolytic recycling of
polyurethane by Ni/Mg/Al catalysts, Chem. Eng. J., 2019, 361, 408.
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Study of Metal Halide Perovskite Solar Cells based on Molecular Design and Highly Purified
Precursor Materials

(‘nstitute for Chemical Research, Kyoto University) O Atsushi Wakamiya'

A Metal halide ABX3 perovskites are highly attractive as promising light harvesting
materials in next generation photovoltaics, which can be fabricated by solution methods at low
temperature. We have devoted many efforts toward the development of efficient perovskite
solar cells based on our highly purified precursor materials and molecular design concept. In
this presentation, our studies on tin halide perovskite solar cells as well as lead halide
perovskites will be introduced.

Keywords : Perovskite; Solar Cells; Molecular Design; Precursor Materials;, Printing
Technology
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Synthesis of Novel Heteronanographenes and Exploration of Their Functions (Graduate
School of Science, Kyoto University) OTakayuki Tanaka

Nanographenes are fragments of graphene with well-defined structures. Bottom-up chemical
synthesis of nanographenes has been extensively studied in order to unravel the structure-
property relationships. In addition, development of various synthetic methods has enabled to
create novel nanographene analogs, so called heteronanographenes, which contain heteroatoms
and/or n-membered rings other than benzene in the core, thereby exploiting structural and
electronic perturbations. We have recently reported tetraaza[8§]circulene 2 by the fold-in type
oxidative fusion reaction of ortho-phenylene bridged cyclic tetrapyrrole 1. Unlike usual large
sized n-conjugated molecules that are less soluble in common organic solvents, this molecule
is quite soluble in THF and acetone with the aid of hydrogen bonding interaction between the
outer pointing NH and the solvent. By utilizing the design principle and synthetic strategy, we
have further developed diazadithia[8]circulene 4, aza[9]helicene 8, and thiadoublehelicene 10.
The details of their syntheses, structures, and properties as well as characteristic functionality
will be presented.

Keywords : Heteronanographene, Fold-in Synthesis; Helicene; Fluorescence, Stable Radical
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1) a) M. Stepien, E. Gonka, M. Zyta, N. Sprutta, Chem. Rev. 2017, 117, 3479. b) T. Hensel, N. N.
Andersen, M. Plesner, M. Pittelkow, Synlett 2016, 27, 498. ¢) Y. Miyake, H. Shinokubo, Chem. Commun.
2020, 56, 15605. 2) F. Chen, Y. S. Hong, S. Shimizu, D. Kim, T. Tanaka, A. Osuka, Angew. Chem. Int.
Ed. 2015, 54, 10639. 3) a) Y. Matsuo, T. Tanaka, A. Osuka, Chem. Eur. J. 2020, 26, 8144. b) Y. Matsuo,
T. Tanaka, A. Osuka, Chem. Lett. 2020, 49, 959. 4) F. Chen, T. Tanaka, Y. Hong, T. Mori, D. Kim, A.
Osuka, Angew. Chem. Int. Ed. 2017, 56, 14688.
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Catalytic Vinylene Transfer Reaction for the Direct Construction of
Multi-Ring Systems

(Graduate School of Engineering, Osaka University) OYuji Nishii
Keywords: C-H Activation, Rhodium, Acetylene, Vinylene Carbonate

Transition-metal-catalyzed C—H activation and subsequent oxidative annulation with
alkynes or their equivalents have emerged as promising synthetic tools for the assembly of
heterocycles.! This method allows us to construct various fused-ring systems with simple
manipulations; however, most of these reactions are only applicable to internal alkynes.
This limitation significantly takes from the practical value of the annulative coupling
reaction because a non-substituted vinylene fragment cannot be installed via the catalysis. '
Moreover, a stoichiometric amount of external oxidant is usually required to ensure the
catalytic turnover, leading to the formation of undesired byproducts (Scheme 1).

H M(l1l) R—-R R
—_— M(lT) > + M)
H M=Co,RhIr O=C,N, 0, Setc. R notactive

1. Simple starting materials 1. Limited for internal alkynes: R #H
2. High step-efficiency 2. Stoichiometric oxidant: M(l) to M(IlI)

Scheme 1. Schematic Representation of the Catalytic Oxidative Annulation

To address this issue, we envisioned using vinylene carbonate as an oxidizing acetylene
surrogate.” Vinylene carbonate is a bench-stable reagent with bulk production as an
electrolyte and for polymer chemistry. Upon liberation of the [COs;]* anion (formal
two-electron reduction), vinylene carbonate might act as a two-electron internal oxidant
under proper reaction conditions to establish a redox-neutral reaction system (Scheme 2).
Overall, only H,COs (or H,O + CO») would form as a byproduct.

M Me
H Iy Cp*Rh(lll) catalyst H 0 el
+ OO > + L Me
H >=< no oxidant H HO™ "OH me RhX;
H H Cp*Rh(lIl)
Recycle Rh(l) to Rh(lll) X €O, Formation 1. Redox-neutral system
= 2e oxidation = 2e reduction 2. H,CO; as sole byproduct

Scheme 2. A Working Hypothesis for the Catalytic Vinylene Transfer Reaction

With this picture in mind, we investigated the annulative coupling using vinylene
carbonate as a coupling partner and, to our delight, a standard Cp*Rh(III) catalyst produced
favorable outcomes. Various nonsubstituted vinylene-fused N-heteroaromatic compounds
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involving isoquinolones, indoles, benzimidazoles, isoquinolines, and benzothiazines were
directly synthesized through the C—H/N-H oxidative cyclization.*® Afterward, C-H/C-H
annulation with imidazole derivatives® as well as C—H/O—H annulation with benzoic
acids®® were found to be feasible (Scheme 3).

1. Isoquinolinone synthesis 2. Indole synthesis 3. Isoquinoline synthesis
[e] R
R cat. Cp Rh cat. Cp Rh cat. Cp*Rh L
—_—
N
vmylene ©: vmylene @[) vinylene 2
H carbonate carbonate carbonate
11 examples up to 90% yield 10 examples up to 81% yield 5 examples up to 65% yield
4. Imidazole-based polyaromatics 5. Isocoumarin synthesis
A cpERh M i
cat. Cp Rh cat. p Eto,c Me
7NN co7a 0" o
NgEw vmylene vmylene th, =/
carbonate carbonate vinylene
23 examples up to 90% yield 24 examples up to 65% yield cPERh('") carbonate

Scheme 3. Examples of the Oxidative Annulation with Vinylene Carbonate

In order to gain insight into the mechanism of this vinylene transfer protocol, we
conducted a computational study. A concerted Sx2-type reaction was thus proposed to
support the redox-neutral system (Scheme 4).>* The detailed discussion on the mechanism
and some synthetic applications would be introduced in this presentation.

+
OH o,
cpE T -0 _Me cp@ 04\ cp
o 0--Rh~ @
%‘ﬁ“ o AG 34.0 kealimol d%” Y 2 AGH21.3 keal/mol
H =0 < -
OJ{TEC?: Rh shift g‘ ’& p-oxygen %H o\<
H

H
0\< Sy2-type elimination

Scheme 4. DFT Calculation for the Proposed Reaction Mechanism
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Synthesis and Catalytic Applications of Multipoint Solid-Supported Phosphine Ligands
(Department of Basic Science, Graduate School of Art and Sciences, The University of Tokyo)
(OTomohiro Iwai

The immobilization of molecular metal catalysts on solid supports is expected as a method
for improving the efficiency of synthesis process. However, in many cases, their catalytic
activities were decreased compared to the homogeneous counterparts due to unfavorable
interactions between solid supports and active sites. The author has developed multipoint solid-
supported phosphine ligands, which were effective for producing coordinatively unsaturated
metal species based on active site isolation on solid supports. These solid-supported phosphines
showed high ligand performance in several transition-metal catalysis.

Keywords : Phosphine ligands; Transition-metal catalysts; Heterogeneous catalysts;
Polystyrene; Silica gel
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Creation of Catalytic Functions Based on Molecular Design of Organic lon Pairs
(Institute of Transformative Bio-Molecules and Graduate School of Engineering, Nagoya
University) OTakashi Ooi

Anions and cations are among the most fundamental reactive species and are widely used to
form new bonds for synthesizing the desired organic molecules. Therefore, “organic ion-pair
catalysis” that allows the direct control of the reactive ionic intermediate by the pairing organic
ion through electrostatic interaction becomes important. However, the chemistry of exploiting
organic ion pairs as molecular catalysts has been very limited. To address this intrinsic problem,
we have designed and synthesized structurally well-defined and readily modifiable organic
cations and anions for use as molecular catalysts capable of directly and precisely controlling
counterions and ion radicals, leading to the development of synthetically relevant
stereoselective carbon-carbon and carbon-heteroatom bond-forming reactions. In this lecture,
I would like to present the details of this research stream.

Keywords : Organic lon Pairs; Electrostatic Interactions; Hydrogen Bonds;, Asymmetric
Catalysis, Stereoselective Bond Formations
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1) K. Ohmatsu, N. Imagawa, T. Ooi, Nature Chem. 2014, 6, 47.

2) N.Imagawa, Y. Nagato, K. Ohmatsu, T. Ooi, Bull. Chem. Soc. Jpn. 2016, 89, 649.

3) K. Ohmatsu, Y. Ando, T. Nakashima, T. Ooi, Chem 2016, I, 802.

4) D. Uraguchi, K. Yoshioka, T. Ooi, Nature Commun. 2017, 8, 14793.

5) D. Uraguchi, H. Sasaki, Y. Kimura, T. Ito, T. Ooi, J. Am. Chem. Soc. 2018, 140, 2718.

6) D. Uraguchi, F. Ueoka, N. Tanaka, T. Kizu, W. Takahashi, T. Ooi, Angew. Chem., Int. Ed. 2020, 59,
11456.

7) D. Uraguchi, Y. Kimura, F. Ueoka, T. Ooi, J. Am. Chem. Soc. 2020, 142, 19462.
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[SO02-3pm] Award Presentations, Special Lectures
Chair:Ken Tanaka, Takashi Matsumoto
Sun. Mar 21, 2021 1:00 PM - 3:20 PM Webiner 2 (Online Meeting)

[SO02-3pm-01] Umpolung-Type Functionalization Based on the Unique Properties of
lodine
OKensuke Kiyokawa' (1. Osaka University)
1:00 PM - 1:30 PM

[S02-3pm-02] Development of Heterogeneous Catalysts for Continuous-Flow
Synthesis of Chiral Compounds
OTomohiro Yasukawa' (1. The University of Tokyo)
1:30 PM - 2:00 PM

[SO02-3pm-03] Development of Carbon-bridged Oligo(phenylenevinylene)s that
Reveal Some Cryogenic Phenomena at Room Temperature
9Hayato Tsuji' (1. Kanagawa Univ.)
2:00 PM - 2:50 PM

[SO02-3pm-04] Assemblies of Non-Planar Molecules: The Structures and Properties
OYumi Yakiyama1 (1. Graduate School of Engineering, Osaka University)
2:50 PM - 3:20 PM
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Umpolung-Type Functionalization Based on the Unique Properties of lodine (Graduate School
of Engineering, Osaka University) OKensuke Kiyokawa

The simple and efficient methods for the synthesis of various functionalized organic
compounds that have been difficult to access by existing methods were developed by
umpolung-type functionalization based on the unique properties of iodine reagents as an
oxidant.

Keywords : Amination; lodine; Oxidation;, Umpolung
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1) For a review, see: K. Kiyokawa, S. Minakata, Synlett 2020, 37, 845-855.
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Development of Heterogeneous Catalysts for
Continuous-Flow Synthesis of Chiral Compounds

(GSC Social Cooperation Lab., The Univ. of Tokyo; School of Science, The Univ. of
Tokyo) OTomohiro YASUKAWA

Keywords: Heterogeneous catalyst, Metal nanoparticle catalyst, Asymmetric
reaction, Flow reaction, Nitrogen-doped carbon

Development of heterogeneous catalysts for asymmetric synthesis has lagged far
behind that of homogeneous catalysts. One reason is that the advantages of
heterogeneous catalysts, such as ease of separation and reusability, have not been
valued compared to the high catalytic turnover of homogeneous catalysts. However,
in recent years, toward the realization of a sustainable society, heterogeneous
catalysts that can be used for continuous synthesis by the flow methods have been
attracting attention. To accomplish such systems, the development of heterogeneous
catalysts that can effectively produce useful chiral molecules and have a long lifetime
is necessary. In this talk, the latest methodology to achieve efficient asymmetric
synthesis by flow methods using heterogeneous catalysts will be discussed.

(1) Immobilized Ir complex catalysts for asymmetric hydrogenation in flow

Flow hydrogenation using heterogeneous catalysts is expected to show superior
reactivity to conventional batch hydrogenation because of efficient mixing of the three
phases (solid, liquid and gas).” We developed heterogeneous iridium complex
catalysts from polystyrene-immobilized chiral diamine ligands. Asymmetric
hydrogenation of aromatic imines and reductive asymmetric amination of aliphatic
ketones proceeded smoothly in the presence of these catalysts and chiral phosphoric
acid co-catalyst (CPA).2 When the catalyst system was applied to the flow method,
continuous operation for more than 30-50 hours was possible and high activity could
be maintained at lower hydrogen pressures than that in a batch method.

"Pr. 'Pr -
PMP = p-methoxyphenyl \©i p /Ir\
] N/\©\
4 _PMP
N (o) HN

\)CJ)\ . <] ’
PMP pmp.
MeO pressure

(2) Chiral Rh nanoparticle (NP) catalyzed asymmetric arylation reactions

Chiral ligands modified metal NP catalysts have a great potential to construct
robust heterogeneous catalysts for asymmetric synthesis because NPs are easily
immobilized with high stability. However, their applications to asymmetric C—C bond
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forming reactions were very limited.®

Rh/Ag bimetallic NP catalysts immobilized on polystyrene-based polymers and
activated carbon as composite supports were developed. Asymmetric arylation of
various electron-deficient double bonds using arylboronic acids proceeded in high
yields with high enantioselectivity in the presence of these catalysts and chiral diene
ligands.® The catalysts could be reused without metal leaching and loss of activity.
Furthermore, Rh/Ag NP catalysts supported on chiral diene ligand-immobilized
polymers were developed. They enabled the simultaneous recovery of both the metal
and the ligand and could be applied to flow reactions.®

polymer sup{ort Ar

0 S EWG
A R x
RSy -EWG + ArB(OH), H
(ketones, esters, ketoesters, amides,
aldehydes, nitroolefins, imines)

high yield & ee
broad scope
applicable to flow

nanoparticles

(3) Nitrogen-doped carbon incarcerated Rh NP catalyzed asymmetric insertion of
carbenoids to amines

To expand scope of metal NP catalysis, nitrogen-doped carbon as a support that
can activate metals by a strong coordination was focused on. We developed
nitrogen-doped carbon incarcerated metal NP catalysts (NCI-M) prepared by
pyrolysis of metal NPs encapsulated by poly-4-vinylpyridine. They showed high
activity for several oxidation reactions that hardly proceeded without dopants.®

Encouraged by these results, nitrogen-doped carbon supported Rh NPs were
developed and applied for the asymmetric insertion of amines into diazo esters in the
presence of chiral phosphoric acid as a co-catalyst. The reaction proceeded only in
the presence of nitrogen dopant and showed high yields and enantioselectivities
without metal leaching. The catalytic system was also applicable to a flow reaction,
and succeeded in maintaining high activity and selectivity for more than 65 h.

N RhClz-3H,0 i - >
“ NaBH, __kefichen black_ | N, R \j

| P EtOH, rt :R)J\COOMe nitrogen-doped carbon un-FC
N AcOEt pyrolysis X incarcerated Rh NP
NCI-Rh ;

+
microencapsulation 800 °C . PG-NH, chiral phosphoric acid R ~cooMe
2h, Ar . (Batch & Flow)

1) H. Miyamura, A. Suzuki, T. Yasukawa, S. Kobayashi, J. Am. Chem. Soc. 2018, 140, 11325. 2) T.
Yasukawa, R. Masuda, S. Kobayashi, Nature Catal. 2019, 2, 1088. 3) T. Yasukawa, H. Miyamura, S.
Kobayashi, Chem. Soc. Rev. 2014, 43, 1450. 4) (a) T. Yasukawa, A. Suzuki, H. Miyamura, K.
Nishino, S. Kobayashi, J. Am. Chem. Soc. 2015, 137, 6616; (b) T. Yasukawa, H. Miyamura, S.
Kobayashi, Acc. Chem. Res. 2020, 53, 2950. 5) H. Min, H. Miyamura, T. Yasukawa, S. Kobayashi,
Chem. Sci. 2019, 10, 7619. 6) (a) T. Yasukawa, X. Yang, S. Kobayashi, Org. Lett. 2018, 20, 5172;
(b) T. Yasukawa, S. Kobayashi, Bull. Chem. Soc. Jpn. 2019, 92, 1980.
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Development of Carbon-bridged Oligo(phenylenevinylene)s that Reveals Cryogenic
Phenomena at Room Temperature (Department of Chemistry, Faculty of Science, Kanagawa
University) OHayato Tsuji

Organic functional materials receive increasing attention from the technology and materials
science communities. Oligo(phenylenevinylene)s have been among the most widely used
materials in optoelectronic applications. However, structural flexibility deriving from the
rotation along C-C single bonds results in low functionality and stability. In order to achieve
high functionality and stability, we have prepared rigid planar entity, carbon-bridged
oligo(phenylenevinylene)s (COPV), where all double bonds are constrained into coplanar. Due
to the rigid molecular structure that is also ideal to extend m-conjugation, COPVs show some
unique properties which have been unprecedented or unobservable at room temperature. First,
COPVs showed photoluminescence quantum yields of unity in room-temperature solutions and
found their utility in organic solid state laser. Second, applications to molecular wire revealed
the emergence of inelastic and resonant tunneling phenomena at room temperature. Details will
be described in the presentation.

Keywords - Phenylenevinylene; Conformation Control; Photophysical Properties; Organic
Laser; Molecular Wire
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1) (a) H. Tsuji, H. A. Fogarty, M. Ehara, R. Fukuda, D. Casher, K. Tamao, H. Nakatsuji, J. Michl
Chem. Eur. J. 2014, 20, 9431. (b) Fukazawa, H. Tsuji, K. Tamao J. Am. Chem. Soc. 2006, 128,
6800.

2) H. Tsuji, E. Nakamura Acc. Chem. Res. 2019, 52, 2939.

3) X.Zhu, H. Tsuji, J. T. Loépez Navarrete, J. Casado, E. Nakamura J. Am. Chem. Soc. 2012, 134,
19254,

4) M. Morales-Vidal, P. G. Boj, J. M. Villalvilla, J. A. Quintana, Q. Yan, N.-T. Lin, X. Zhu, N.
Ruangsupapichat, J. Casado, H. Tsuji, E. Nakamura, M. A. Diaz-Garcia Nature Commun. 2015,
6, 8458.

5) J.Sukegawa, C. Schubert, X. Zhu, H. Tsuji, D. M. Guldi, E. Nakamura Nature Chem. 2014, 6,
899.

6) 0. Chun, K. Hashimoto, H. Tsuji, E. Nakamura, Y. Majima ACS Omega, 2018, 3, 5125.
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Assemblies of Non-Planar Molecules: The Structures and Properties ('Graduate School of
Engineering, Osaka University, 2ICS-OTRI) OYumi Yakiyama'-?

Structural flexibility in the functional molecular assemblies is quite important in mitigating
structural damage during the emergence of physical functions and improving the systems’
stability. In this project, we aimed to prepare new “soft” crystalline systems that can respond
to outer stimuli. For this purpose, we introduced structural softness into the intrinsically “hard”
crystals by utilizing (1) curved molecules that exhibit dynamic behavior and (2) non-planar X-
shaped molecules that construct weak intermolecular interactions in the crystalline state. In this
presentation, formation of confined curved-n space using sumanene as a first step for the
realization of dynamic porous network, and the properties of pure-organic molecular crystalline
host based on indanedione dimer, which gives interconvertible crystals by trapping/releasing
guest molecules will be discussed together with our recent achievements.

Keywords : Molecular assemblies; X-ray Crystal Structure Analysis; Stimulus Responsiveness;
Structure Transformation
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Figure 1. Schematic models of the formation of the two
networks with spherical confined spaces.
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Figure 2. Reversible guest releasing/trapping system
composed of three-dimensional X-shape dimer 4PID.
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[1] @) H. Toda, Y. Yakiyama, Y. Shoji, F. Ishiwari, T. Fukushima, H. Sakurai, Chem. Lett. 2017, 46,
1368.b) Y. Yakiyama, T. Hasegawa, H. Sakurai, J. Am. Chem. Soc. 2019, 141, 18099.

[2] a) *Y. Yakiyama, T. Fujinaka, M. Nishimura, R. Seki, H. Sakurai, Chem. Commun. 2020, 56, 9687.
b) A Z o H L TRIEORERZIERITI T D 51 OBUAMBEZ IS < Rl G 224k
Division Topics (A #ftiin 7T « £ 3 V), b5 & T3, 2021, vol.74-1.
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[SOT-3pm] Award Presentations, Special Lectures
Chair:Masato Ito, Izumi Imai

Sun. Mar 21, 2021 1:00 PM - 2:30 PM Webiner 1 (Online Meeting)

[SOT-3pm-01] Contribution to Chemistry Education through Development of
Teaching Materials for Junior High School Chemistry Experiments
and Application to Teacher Training
OTakuya Miyauchi' (1. Tokyo Gakugei University)

1:00 PM - 1:30 PM

[SO1-3pm-02] Human Resource Development by Holding Workshops Named “
SCN Miyagi”

OAtsuhito Kubota' (1. Sendai Seiryo Secondary School)
1:30 PM - 2:00 PM

[SO1-3pm-03] Development of Young Research Leaders Responsible for the Next
Generation
OKeiji Maruoka' (1. Kyoto University)

2:00 PM - 2:30 PM
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Development of Teaching Materials for Junior High School Chemistry Experiments and
Application to Teacher Training
(Tokyo Gakugei University) (OTakuya Miyauchi

Chemistry experiment teaching materials must attract students' interest, maintain safe
operations, and be easy to understand. Thus far, we have continued to develop, practice, and
revise teaching materials for chemistry experiments that are assumed to be conducted in junior
high school classes. Furthermore, to nurture practical leadership in the teacher training field of
chemistry, it is necessary to intentionally provide opportunities to observe and perform
experiments in the classroom, while being aware of the position of the teacher as an instructor.
Therefore, in cooperation with the teachers of the university-affiliated schools, we set up a
course wherein one can observe chemistry experiments performed in junior high and high
schools from the standpoint of an instructor, and put these experiences into practice.
Keywords : Chemical Education, Junior High School, Development of Teaching Materials,
Teacher Training
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Human Resource Development by Holding Workshops Named ~ “SCN Miyagi”
(Sendai Seiryo Secondary School) O Atsuhito KUBOTA

I held the workshop (SCN Miyagi) of the experiment. At SCN Miyagi, we taught each
other about the method of the experiment. We also exchanged our opinions about how to
instruct students’ researches. As a result, the research and leadership skills of the participants
improved. The young teacher who participated in the workshop presented his research at the
national convention, which appeared on The Bulletin of Research published by Japan Society
of Physics and Chemistry Education. Workshop participants also have improved the research
quality of their club students. This can be confirmed as an increase in the number of prizes
won at the national competitions.

Keywords : Workshop , Human resource development , Experiment
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Development of Young Research Leaders Responsible for the Next Generation (Graduate
School of Pharmaceutical Sciences, Kyoto University) Keiji Maruoka

In 2010, the lecturer launched a conceptually new academia-oriented "Otsu Conference"
with the aim of fostering young leader-type researchers who will lead the next generation. The
number of 1st~10th fellows has reached about 160, and more than half are active in academia
as assistant professors, lecturers and associate professors. In 2015, five years later, the company
version of the Otsu Conference, "Noyori Forum Young Researcher Training School" was
established with the aim of developing leader-type corporate researchers who will lead the next
generation. The details on these subjects will be described in this lecture.

Keywords : Young Research Leader; Academia; Otsu Conference; Noyori Forum,; Next
Generation
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[SO02-3vn] Award Presentations, Special Lectures
Chair:Toshiki Mutai, Takahiro Tsuchiya
Sun. Mar 21, 2021 4:10 PM - 6:30 PM Webiner 2 (Online Meeting)

[S02-3vn-01] Construction of Molecular Spaces based on syn-Substituted
Triptycenes
OTakayuki lwata' (1. IMCE, Kyushu Univ.)
4:10 PM - 4:40 PM

[S02-3vn-02] Development of Porphyrin Sensitizers and Evaluation of Photovoltaic
Performances of the Dye-Sensitized Solar Cells
STomohiro Higashino1 (1. Department of Molecular Engineering, Graduate School of
Engineering, Kyoto University)
4:40 PM - 5:10 PM

[S02-3vn-03] Syntheses and Properties of Open-Shell ©-Conjugated Molecules
OTakashi KUBO' (1. Osaka University)
5:10 PM - 6:00 PM

[SO02-3vn-04] Development of supramolecular bearings with ultralow friction at
curved-  interfaces
OTaisuke Matsuno' (1. The Univ. of Tokyo)
6:00 PM - 6:30 PM
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Construction of Molecular Spaces based on syn-Substituted Triptycenes (/nstitute for Materials
Chemistry and Engineering, Kyushu University) OTakayuki Iwata

1,8,9,13-Positions of triptycenes, which are propeller-shaped molecules with fixed three
aromatic rings, are located on the same plane, and functionalization of these positions leads to
construction of “molecular space” surrounded by the substituents. In this research, a
regioselective method for synthesis of syn(1,8,9,13)-substituted triptycenes was developed
using ynolate-aryne triple cycloaddition reaction. Moreover, based on this method, the
molecular spaces were constructed on the triptycenes.
Keywords : triptycene; molecular space; ynolate; aryne
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1) Umezu, S.; Gomes, G. P.; Yoshinaga, T.; Sakae, M.; Matsumoto, K.; Iwata, T.; Alabugin, I.; Shindo,
M. Angew. Chem. Int. Ed. 2017, 56, 1298. 2) Yoshinaga, T.; Fujiwara, T.; Iwata, T.; Shindo, M. Chem.
FEur. J. 2019, 25, 13855.
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Development of Porphyrin Sensitizers and Evaluation of Photovoltaic Performances of the
Dye-Sensitized Solar Cells (Graduate School of Engineering, Kyoto University) OTomohiro
Higashino

Dye-sensitized solar cells (DSSCs) have attracted considerable attention due to their potential
advantages in terms of power conversion efficiency, production cost, design flexibility, and
indoor use. Because the photovoltaic performance of DSSCs strongly depends on sensitizers,
we have designed and synthesized various porphyrin sensitizers and evaluated their structure-
property relationships on the photovoltaic performances of DSSCs. We succeeded in
enhancement of long-term durability with tropolone and hydroxamic acid anchoring groups,
and high power conversion efficiencies with fused porphyrins as well as porphyrin dimers.
Keywords : Porphyrin; Dye-sensitized Solar Cells; Sensitizer; Anchoring Group; Energy
Conversion
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1) T. Higashino, Y. Fujimori, K. Sugiura, Y. Tsuji, S. Ito, H. Imahori, Angew. Chem. Int. Ed. 2015, 54,
9052. 2) T. Higashino, S. Nimura, K. Sugiura, Y. Kurumisawa, Y. Tsuji, H. Imahori, ACS Omega 2017,
2, 6958. 3) T. Higashino, Y. Kurumisawa, N. Cai, Y. Fujimori, Y. Tsuji, S. Nimura, D. M. Packwood, J.
Park, H. Imahori, ChemSusChem 2017, 10, 3347. 4) T. Higashino, H. liyama, Y. Kurumisawa, H.
Imahori, ChemPhysChem 2019, 20, 2689. 5) T. Higashino, K. Sugiura, Y. Tsuji, S. Nimura, S. Ito, H.
Imahori, Chem. Lett. 2016, 45, 1126. 6) T. Higashino, K. Sugiura, Y. Tsuji, S. Nimura, S. Ito, H. Imahori,
Chem. Lett. 2016, 45, 1126. 7) T. Higashino, Y. Kurumisawa, S. Nimura, H. liyama, H. Imahori, Eur. J.
Org. Chem. 2018, 2537. 8) T. Higashino, Y. Kurumisawa, H. liyama, H. Imahori, Chem. Eur. J. 2019,
25, 538.9) Y. Kurumisawa, T. Higashino, S. Nimura, Y. Tsuji, H. liyama, H. Imahori, J. Am. Chem. Soc.
2019, /41, 9910.
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Syntheses and Properties of Open-Shell Tr-Conjugated Molecules

(Graduate School of Science, Osaka University) (OTakashi Kubo
Keywords: Open-shell Electronic Structure; Organic Radical Species; Singlet Biradicals;
Graphene Nanoribbons; Dimerization Mode of Radicals

Organic compounds with an open-shell electronic structure, in which unpaired electrons
remain in the molecule, are called organic radical species, and have attracted much attention
in recent years due to their high reactivity and unique physical and functional properties.
This lecture presents our recent studies on the investigation of the properties of organic
radical species through a structural organic chemistry approach to synthesize molecules
with new frameworks.' In particular, the lecture focuses on (1) elucidation of the electronic
structure of singlet biradicals and exploration of the properties characterized by the unique
electronic structure, (2) molecular interpretation of the strange magnetic state of graphene
nanoribbons, and (3) elucidation of the new aggregation mode of organic radical species.

Studies on singlet biradicals. Singlet biradical compounds, as represented by
p-quinodimethane and o-quinodimethane, are usually reactive species. However, by
delocalizing the unpaired electrons appearing in the resonant structural formula, singlet
biradicals become stable so that we can handle in air without special care. Thanks to its high
stability, a variety of measurements could be performed, and unique properties such as a
small HOMO-LUMO gap, NMR signal broadening, appearance of triplet ESR signals,
thermally activated magnetic properties, and two-electron excitation absorption were
revealed by our recent studies. Later studies on various singlet biradical compounds have
revealed that these phenomena are common properties of singlet biradicals. We also found
that 1 gives a stacked one-dimensional chain with an unusually short interplanar distance of
3.137 A in the crystal. Spectroscopic measurements and quantum chemical calculations
revealed that the electronic structure of the one-dimensional chain of 1 can be described as a
resonant state of intra- and inter-molecular unpaired electron interactions.® Another
remarkable result was obtained with o-quinoidal singlet biradical 2, which rapidly
dimerized in a manner of [4n+4x] cycloaddition in solution state at room temperature in the
dark. On the other hand, 2 also afforded stereoselective [4n+2m] cycloadducts with
fumaronitrile in a room temperature solution in the dark.* These results demonstrate the
dual nature of closed-shell and open-shell electronic structures of singlet biradical species.

Studies on the magnetic state of polycyclic aromatic hydrocarbons. When graphene
is cut into arbitrary shapes, two types of end structures appear: zigzag and armchair edges.
Curiously, it is known that unpaired electrons are localized only at the zigzag edge,
producing a magnetic moment. By synthesizing model compounds with zigzag and
armchair edges, and using X-ray structural analysis, spectroscopic measurements, and
quantum chemical calculations, we have elucidated the origin of the unique magnetic
property. The model compounds 3—5 were prepared by a multi-step synthesis and isolated as
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crystals. X-ray structural analysis showed that the hexagonal rings at the left and right ends
of the molecules tended to be closer to the benzene form (= regular hexagon) as the
compounds became larger. The trend shown by the X-ray crystal structure suggests that the
larger compounds have a larger biradical structural contribution in the ground state. Indeed,
47 and 5° showed thermally activated magnetic behavior, and in the case of 5, about half of
the molecules were found to be in the triplet biradical state at room temperature.

Studies on new aggregation mode of organic radical species. Many radical species
form o-bonds between molecules in solution or solid states, giving rise to closed-shell
dimers (c-dimers). On the other hand, some radical species do not form c-bonds but rather
form an electron pair in the form of overlapping n-planes (n-dimers). Because the electron
pair in m-dimers are not so tightly bound, they are in a special electronic state that combines
the properties of o-dimers and radical monomers. We have prepared triphenyl (6),’
tris(perfluorophenyl) (7), and trimethyl (8) ® derivatives of the phenalenyl radical by
stepwise syntheses and determined crystal structures by single-crystal X-ray analysis. The
analysis showed that 6 forms a m-dimer in a staggered stacking with a very short m—=n
separation distance of 3.017(2) A at 100 K, whereas 7, which has more bulky substituents
than 6, gives a o-dimer with a C—C single bond length of 1.636(7) A at room temperature.
Interestingly, the methyl derivative 8 afforded both o- and m-dimer in the solid state.
Quantum chemical calculations show that the o- and n-dimers of the phenalenyl radicals are
almost equal in energy, and the dimerization mode is dominated by the electronic factors of
the substituents.
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1) T. Kubo, Chem. Lett. 2015, 44, 111-122 (highlight review). 2) T. Kubo, Chem. Rec. 2015,
15,218-232. 3) T. Kubo, A. Shimizu, M. Sakamoto, M. Uruichi, K. Yakushi, M. Nakano, D.
Shiomi, K. Sato, T. Takui, Y. Morita, K. Nakasuji, Angew. Chem. Int. Ed. 2005, 44, 6564—
6568. 4) K. Sahara, M. Abe, H. Zipse, T. Kubo, J. Am. Chem. Soc. 2020, 142, 5408-5418.
5) A. Konishi, Y. Hirao, M. Nakano, A. Shimizu, E. Botek, B. Champagne, D. Shiomi, K.
Sato, T. Takui, K. Matsumoto, H. Kurata, T. Kubo, J. Am. Chem. Soc. 2010, 132, 11021
11023. 6) A. Konishi, Y. Hirao, K. Matsumoto, H. Kurata, R. Kishi, Y. Shigeta, M. Nakano,
K. Tokunaga, K. Kamada, T. Kubo, J. Am. Chem. Soc. 2013, 135, 1430-1437. 7) Z. Mou, K.
Uchida, T. Kubo, M. Kertesz, J. Am. Chem. Soc. 2014, 136, 18009—18022. 8) K. Uchida, Z.
Mou, M. Kertesz, T. Kubo, J. Am. Chem. Soc. 2016, 138, 4665-4672.
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Development of Supramolecular Bearings with Ultralow Friction at
Curved-TT Interfaces

(‘Department of Chemistry, The University of Tokyo) OTaisuke Matsuno'
Keywords: Carbon Nanotubes, Fullerene, Corannulene, Association, Molecular Machines

Dynamic motions of molecules in the solid state hold promise for connecting
molecular behaviors with properties of bulk materials. However, controlling molecular
motions in solid is a challenging task due to the presence of severe friction between
neighboring molecules. We have recently developed a series of unique dynamic
supramolecular complexes called "molecular bearings". Molecular bearings consist of a
finite carbon nanotube molecule, [4]cyclo-2,8-chrysenylene ([4]CC, Figure 1),' and guest
rotors bound in a cylindrical pore. Molecular bearings are characterized by a set of
seemingly contradictory thermodynamic and kinetic properties: a tight binding and weak
restriction that allows free motion of guests in a host molecule.

1. Fullerene rotors: "ball-in-tube" molecular bearings

The first example of the molecular bearing is the "ball-in-tube" bearing
constructed from [4]CC and fullerenes (Ceo, Cro, etc.). [4]CC strongly bind fullerene guests
by van der Waals interactions. Despite the tight binding, encapsulated fullerenes rotate
smoothly. The rotational dynamics of Ceo in solid was analyzed by solid-state '*C NMR
spectroscopy. The analyses of spectral line-shape and spin-lattice relaxation time revealed
the extremely fast rotation of Cg with the frequency of 213 GHz at 335 K. According to the
analysis method called "yx-test", the rotation of Cg in solid was found to be in the
non-Brownian "inertial" regime. This observation shows the uniqueness of the curved-n
interfaces that realize the ultralow friction.?
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Figure 1. Structures of molecular bearings composed of cylindrical hydrocarbon
[4]CC and Ceo rotors. Temperature-dependent rotational correlation time 1 indicates
the solid-state inertial rotation at 330 K.
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The solid-state dynamics can be controlled
by changing the shape of rotors. When the ellipsoidal
Cs rotor is employed, the solid-state motion is
restricted to the single-axis rotation. By the Eyring
analysis of temperature-dependent dynamics, the
restriction is found to be originated from the entropic

barrier of the rotation (Figure 2).?

2. Polycyclic aromatic rotors: 'bowl-in-tube" %‘giﬂ'ﬁgte N\ -4
molecular bearing Observed

The other series of molecular bearing is

4 Simulation
"bowl-in-tube" bearings consist of [4]CC and aromatic ct ¢ (single-axis)
hydrocarbons. The bowl-shaped corannulene (COR) 240 "200 " 160 120 80 40 0
formed the molecular bearing solely by 10 CH-n Chemical shift (oppm)

hydrogen bonds. The single-axis rotation of Figure 2. Molecular bearing
bowl-shaped rotors was revealed by solid-state H  possessing ellipsoidal rotor Cro.
NMR spectroscopy (Figure 3).* When the oval-shaped

pyrene is encapsulated in [4]CC, driven by the same number (10) of CH-n hydrogen bonds,
the guest does not rotate in the solid state.’ This indicates that very minute structural
differences largely affect the solid-state dynamics. These unique dynamic supramolecular
systems provided new design principles of the solid-state molecular machinery with smooth
curved-m interfaces.

Solid-state 2H NMR
[4]CCDcorannulene-d;q

‘M observed

200 100 0 —100 —200

Frequency
simulation
(single-axis)
T T 1
[4]CCDcorannulene disordered 200 100 ~100 -200 [4]CCDpyrene
Solid-state single-axis rotation guests Frequency Static in solid state

Figure 3. Molecular bearings possessing polycyclic aromatic hydrocarbon.

1) S. Hitosugi, W. Nakanishi, T. Yamasaki, H. Isobe, Nat. Commun. 2011, 2, 492. 2) T. Matsuno, Y.
Nakai, S. Sato, Y. Maniwa, H. Isobe, Nat. Commun. 2018, 9, 1907. 3) T. Matsuno, Y. Nakai, Y.
Maniwa, M. Someya, S. Sato, H. Isobe, Chem. Asian J. 2020, 15, 273. 4) T. Matsuno, M. Fujita, K.
Fukunaga, S. Sato, H. Isobe, Nat. Commun. 2018, 9, 3779. 5) T. Matsuno, K. Fukunaga, S. Sato, H.
Isobe, Angew. Chem. Int. Ed. 2019, 58, 12170.
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Design of Functional Polymer Vesicles Based on Thermoresponsive Polymers (Department of
Chemistry and Materials, Faculty of Textile Science and Technology, Shinshu Univrsity)
OTomoki Nishimura

Phospholipids, synthetic lipids, and amphiphilic polymers self-assemble into vesicles.
Compared to the vesicles based on low molecular weight lipids, polymeric vesicles have
superior mechanical strength. They also have an inner aqueous phase and can function as
enzymatic reactors when enzymes are encapsulated in the inner aqueous phase. Therefore, they
have been attracted attention for biomaterials such as nano/microreactors, carriers for drug
delivery systems (DDS), and artificial organelle cell models. However, the bilayers of polymer
vesicles are thicker than those of phospholipid liposomes and thus have extremely low
molecular permeability, making it difficult to supply molecules from the external environment.
Besides, it is difficult to control the size of the vesicles. This presentation will introduce our
efforts to develop molecular permeable polymer vesicles and size-tunable vesicles, the
functions of the vesicles, and applications as biomaterials.

Keywords : Polymer vesicles, thermoresponsive polymers; block copolymers; graft
copolymers, self-assembly
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AT I E—RR Ty TN = AT ADDIZEITHFXFY VT, &5
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THFEEENMEL | INTEREN D O FOMERRECH D, £/2, VIREY R
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1) Bio-transporting self-assembled nanofactories by polymer vesicles with molecular permeability for
enzyme prodrug cancer therapy. T. Nishimura, Y. Sasaki, K. Akiyoshi, Adv. Mater. 2017, 29, 1702406.
2) Determining the Hydration in the Hydrophobic Layer of Permeable Polymer Vesicles by Neutron
Scattering. T. Nishimura, L. de Campo, H. Iwase, K. Akiyoshi, Macromolecules. 2020, 53, 7546.

3) Biotransporting biocatalytic reactors toward therapeutic nanofactories. T. Nishimura, K. Akiyoshi,
Adv. Sci., 2018,1800801.

4) Substrate-sorting nanoreactors based on permeable peptide polymer vesicles and hybrid liposomes
with synthetic macromolecular channels. T. Nishimura, S. Hirose, Y. Sasaki, K. Akiyoshi, J. Am. Chem.
Soc. 2020, 142, 154.

5) Thermoresponsive polysaccharide graft polymer vesicles with tunable size and structural memory. T.
Nishimura, S. Shishi, Y. Sasaki, K. Akiyoshi, J. Am. Chem. Soc. 2020, 142, 11784.
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HBEERIKEIGIZEET 2%

Studies of chemical reactions and their applications in supercritical water

PG HEX
(Tadafumi Adschiri)
FALRT: MR &SR SERT (WPI-AIMR)

FAL 30 FELLERT G, HEE, fiH - 2BECHIE ST BER SRR B 2. X
J&% & U CORIMA~E R L, Bric 2r9E - BB 2 BA4h L T & 7o, FRICBEE KRR B
T OMIEDRRIT, EBEIIED H 72 & RGOSR 7 I W) Y1 70 (AR R
T/ R R A R (BESOS) B ORI - FAUEISH OV TW D, FIL T, Zhb0f
BEEOG, EEREEUS Z A — OGS TAE LT SE D 2 & T HERIZRW T MPEHRIEE & Brié e e Bl
B9 2HFZEIC IR D ALA TV D,

1 BERAKRG 70w %L EER

FBERSK T CORISIE, BRSO COWMMEPIMED R X 7 B(b D 7= Pl &3 E § KX <
AT %, Z OSSR CORRZROE (BRSRRE) OWEZ T 57201203, IRE - £
F7 + ROSH R 2 BB ICHE CE AN T B ANRLETH 5, RO &R & E K G5
(A= r7L—7) ZHONTWOTIE, Z0 X5 it - TIEARFRETH o7, EAUTHE
L. F&E, OSKREBEFOK L 2EIZIRE - AIRSE5 7 0 —RBEKIS 7 7t X236
L. SIS OTAIEREMZ 2 VA — 4 — T, 0 mWNIRESA%Z 1K LR, Eh%
0. 1IMPa LA FORSE THIBITE 5 L 912 Lz, ZHUS X 0 BB EUG & K FE5m B9 S S - fRtr
TEDH LIy BEANE TR 280, [AAUGHH & ke (EBERR) & fs
VOO THATEL 2R L, 207 —R 7 rE R X, EFRTrATHEDILT
WAHTET TR EBRIC BV T LB R LS O S H DL IR I TV D,

2 HHMEHiT /R FRIR L £ DI FREA

FEERSK P CIK & MAMEE OEIA TH—MERR L, £ TEERIS) b TH#KG] b
HETT 5, ZOREISIGHIZE B L, WG % RIRHCHET S E R A D T, £ DOFER,
HEERFUK OGRS T KL F- R & AR TR LR S DR SN D Z L & A LTz, &
B SKSG Tl v, REOAH D TIXmRE T BRI & S onenns o
FETIEARTERWET  F#MTH 5,

BT % TR T O RINCEM S5 2 & T, b OB m o F~OF iz Hl# <
5, ZHUICKY, Twthb OFERETH T /i 2 ZAS BRI EL 2 LN TE 7z, —RAIC
an A RERITERET 2 & BENMEL TRIR 2O SR KB AE T 5, &2 AN
ZOFEWGET /TR TR B O TR < . & OREERFM T G TR TE 7o,

MRS R O BRABCCBIR IS T 2 Bt 2 L& 5 2 & T, SRV EA DB
BANHREL feodz, 3DA Y7 Py NHIRIAD T/ A > 7 BHGREITER T 4 v LB E
EMRE - mffahk - mEEaa I - BRI T RIRFICER T 281 7Y v RES T L TAEERS
TEMGE SETERAT Vi1, B TROONDIFHEMOBENED LLO>OH 5,
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B LT & ZA, P ROBIAE - R L FER, DML 2V RF013 7 728 — () Z4ER
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3 BHEHIET ) V4 i L 2HEHIERE

BEESR K CORBEME S NS T, T /R FORLZERBHEIZ Y., Ay L DK
JEMEb < EORRE D ARLEREPWEE I ND, mBEOAH Yy L EFIENIE. 20
FOSHBEEICA L, RARE (§M) maigt Sl 2 i34 T 2,

B E T 2RIV MEHTIT R G e W R BT 5 Z 2 R Lz, —ikIiC
Y77 AHDOBHEA A OBENL 400CLL EOER TR ITFZBHI SN DS Z L id/evy, L
L. ZOF /A XZThHobIEWREAEL Lc T /KT, 150CIZBWNTh, BBHREA
FUBHAD T 52 BBl STz, FHERNY SRR BIMEEBLE - HIEDRER., Z ORr R 2B
ZUE. T RRNICREREDEL, TN BREAAER TR F — A I BB OIEEE
BEHLILTF ESED (lBFEA A DEE T 4, 0SC% LIFD) FRTHDZ LB bhho7-, Fiig
(BT VA XHR) LR ORR S, B CHEEINTHMIERELE B2 D,

SOICHEEEZ R IE L0, ZOBHESIE T 2 b &I A, A A RO 5
LB ORIGY TOEAN (Dope) &kl MG FIREZ: 7 v — RAEE S iE % W =
ZET, EE %) BonenizEEmnieE (10%) TO K=YV EERTEL, Th
2RV | TREBAIIZ S\ O ER R B A 3R C & 7o, BRRWRIRE DS i1 < B B B AR R R 8 it oD [
WREME L L THEDILTOWDTIRD Ce, &I LT, 3 HE ®MWMETH D, iz filllf s
LTHWEE ZA MRIRIZE W T S, KFTONSA F~ ZRBEEWH S O FFURHRIN, 5
FEMOKREKEE OKFAERKR) DETTHZ L LHERL TS,

I have pioneered academic research in the field of supercritical water reactions and its related
technologies for more than 30 years. His research has focused on the fundamentals and
applications of a flow reaction process that has enabled detailed kinetic studies of unusual
reactions in supercritical fluids. The results of his research on supercritical water reactions have
enabled various applications, such as the world's first supercritical chemical recycling
technology and continuous nanoparticle synthesis. My recent research features the creation of
new materials (with new functions) using reactions in supercritical water, in which organic and
inorganic reactions can be conducted simultaneously to create organic/inorganic composite
nanomaterials. The high affinity of organic-modified nanoparticles toward organic solvents or
polymers enables the fabrication of highly concentrated nano-inks or high-performance hybrid
polymers. These nanoparticles have extremely high torsion inside their structure, which leads
to high oxygen-ion mobility even at low temperatures, facilitating the development of a new,
low-temperature steam cracking process for hydrogen production. These results have been
extensively evaluated by the global scientific community. For my significant scientific
accomplishments, | was presented with the Chemical Society of Japan award.
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