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High-Temperature Degradation Phenomena and Analysis of Cathode Half-Cells in All-Solid-
State Lithium-Ion Batteries Using Sulfide-Based Solid Electrolytes (' Yanmar Holdings Co Ltd.,
2Ritsumeikan Univ.) OKazumasa Kikutani,! Taiyo Fukui,! Seiya Tonda,' Shinji Tsuji,' Yuki
Orikasa’

Degradation in all-solid-state lithium-ion battery cathode half-cells has been reported to occur
mainly under high temperatures or high voltage conditions?. However, as far as we know, there
have been no detailed reports on degradation during constant voltage (CV) charging under high
temperatures within the normal voltage range. When the cell was subjected to constant voltage
charging and EIS measurements at 60 °C with different voltages, It became clear, as shown in
Table 1, that the degree of degradation was affected by the CV charging voltage. Through AC
impedance analysis, it was assumed that the impedance value increases over the course of CV
time, contributing to degradation.

Keywords : All-solid-state battery, Lithium-ion battery, Cathode , Degradation

EEEY F U LA A B IEMRAN— 7 2B 52510, EiCmBEETmEE
TTH#ATT 2 Z e ShTnd Y, Lﬁ)bfm})% . . L%%F%ﬁl BIFD
ERETE (CV ) B DA OV TEEAIZ IS S 7 F 3T~ 2380 5 )R @ T
e, SRERE N COBMIEREOIR T IE, Eiho &I

() log|Z|

TSN L I E R B L RITT D, FOA T w L

= ALDIRPANEETH D, AWIETIT, EMAN—TF ) N

/I/ WX UEIET OV BB LEBOLILICT 5 E /%;3;'[3 . _
AT HEEZEBE L, ERITIT. g ..

LiNio eMno 2Coo.202 & LigPSsCl & 7T E&F L T 5 /7 72{2'_( =

FEEE 1:1:0. 1 ICTIRA LEEEMAEM ., BEREME I sof .

LiPS:CL, ST A v 20 Lo F 0 ha bz T, * I

1072107" 10° 10* 10 10° 10* 10° 10°
Frequency / Hz

Y% 60°C TR HEETCV REEEBXILFEA B —
5'/2 (EIS) iz L=t A, £ 1ITRT X
OV RBELICH L THLESWRRSRD Z Nl @ o

%75 Eipode, M1 O EISFHAL Y . CVEFHORHE L

EBICA = RER ER LAEICFS L TWD [2°

:kﬁ’ﬁ?ﬂﬁéﬁ”béo émm L 20
% 1.CV BB L CV FEHOR BMERR | s

CV BIE A RAEF ol N

3.7V (vs Li-In) 18.9% oot w0 0 e 0ot

3.2V (vs Li-In) 96.0% ®1 60°CIZH 1 B OV %

1) Degradation rate at the Solid—Solid interface of sulfide-based
solid Electrolyte—Cathode active material, Y. Morino, Journal of
Power Sources, 2022, 541,231672
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Species Dependence of lonic liquid Electrolyte for Magnesium Secondary Battery (National
Institute of Advanced Industrial Science and Technology) OKeigo Kubota, Ishida Naoya

Magnesium secondary battery, which is expected to be post lithium secondary battery due to
high capacity and Mg bountiful resources, is difficult to be construct because of poor Mg
reactivity of battery materials. Electrolyte for Mg battery needs to have low electric resistance
on Mg decreasing overpotential, high oxidative stability allowing positive electrode reaction,
and high thermal stability. lonic liquids have the thermal stability, and its various natures caused
by many species and combinations have possibility of the other good aptitudes. Here, we
investigated dependence of Mg electric resistance and oxidative resistance on anion spices for
room temperature ionic liquids containing corresponding anions as our previous study for high-
temperature molten salts.” Fluoro-anion systems have high oxidative stability but also high
resistance. Chloride system has much low resistance, but also low stability.

Keywords : lonice Liquid; Magnesium; Battery,; Electrolyte
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Figure. Cyclic voltammograms using platinum electrode.

1) Preparation of Magnesium Salts Composed of Perfluoro Anions and These Electrochemical Behaviors
in Molten Salts. K. Kubota, H. Matsumoto, J. Electrochem. Soc. 2020, 167, 020541.
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1,1'-Bis(2-aminoethyl)-4,4"-bipyridinium Z B\ EA B4 & CO,
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A COz Concentration cell utilizing 1,1'-Bis(2-aminoethyl)-4,4'-bipyridinium

('School of Science, The University of Tokyo, *Faculty of Science, The University of Tokyo)
oMinori Ito', oTakayasu Sugiyama', oMayu Yonekawa', Ayaka Kakizawa’, Yusuke
Wakayama?, Teppei Yamada®

Gibbs energy of the CO, concentration differences between waste gas and air is intended to
convert electric power. In our laboratory, we reported a CO» concentration cell in which the
coordination of ethylenediamine with copper ions is linked to the redox reaction. However, the
corrosion of the copper electrode prevents continuous use.

Here we report the reversible redox reaction in solution for the CO» concentration cell with
1,1'-Bis(2-aminoethyl)-4,4'-bipyridinium (1). 1 was synthesized by reacting 4,4'-bipyridine
with 2-bromoaminoethane. 1 (10 mM) and KCI (100 mM) in water were introduced into the
cell and CO; and N, gases were introduced into each side. An OCV of 140 mV was obtained.
The amino group of 1 became electron-withdrawing carbamate, which is thought to have
changed its redox potential.

Keywords : CO: concentration cell; bipirydine; CO2 absorption
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Electrode degradation in polymer electrolyte fuel cells under accelerated stress conditions
(Toyota Central R&D Labs., Inc.) OWataru Yoshimune, Akihiko Kato, Tetsuichiro Hayakawa,
Satoshi Yamaguchi, Satoru Kato

The components of a polymer electrolyte fuel cell, namely the proton exchange membrane
(PEM), catalyst layer (CL), and gas diffusion layer (GDL), contribute to the degradation of the
fuel cell performance. The PEM degrades mechanically and chemically due to repeated dry/wet
cycles and open-circuit voltage holding, respectively. The cathode CL degrades mainly due to
the coarsening of the catalyst particles and corrosion of the carbon support. Researchers have
made efforts to improve the durability of the PEM and CL. On the other hand, there have been
few reports on improving the durability of the GDL. This is because the degradation rate of the
GDL is believed to be much slower than that of the PEM and CL. However, it is common for
degradation studies to be conducted on an individual component. Therefore, we have no clear
evidence of differences in their degradation rates. We have proposed a method for
simultaneously evaluating the degradation rates of these components by combining
electrochemical characterization with operando synchrotron X-ray radiography". In this
presentation, we report on the results of an accelerated stress test using a load cycle protocol.
Keywords : Polymer Electrolyte Fuel Cell; Degradation; Water Visualization, Synchrotron X-
ray Radiography
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1) Wataru Yoshimune, Akihiko Kato, Tetsuichiro Hayakawa, Satoshi Yamaguchi, Satoru Kato, npj
Materials Degradation 2024, 8, 106.
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BEBRL- 2 RTHEESEEREBERK 2D-COF) 70 ko8
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[EHE S - PPy sedl 2 - JEE fES
High Proton Conduction of Oriented 2D Covalent Organic Framework Membranes

(!DENSO CORPORATION, *TOYOTA CENTRAL R&D LABS., INC. 3Institute for Advanced
Study, Kyoto University, *Graduate School of Science, Kyoto University) OKoki Fujiu,'
Masane Kin,' Saori Minami,? Takashi Sato,! Takahiro Nishio,! Hiroki Watanabe,! Hiroyasu
Tabe,® Ryosuke Jinnouchi,? Satoshi Horike™*

Two-dimensional covalent organic frameworks (2D-COFs) have attracted attention as high
proton conductors, COFs with the same chemical structure and composition show different proton
conductivities". Although the difference in proton conductivity may result from crystallinity and
orientation, it has not been discussed. In this study, we prepared the oriented COF, showed the
correlation between crystallinity, orientation and proton conductivity of COF.

We prepared oriented and non-oriented COF membranes by interfacial polymerization and
hydrothermal synthesis, respectively (Fig.1) and analyzed the COF structure by TEM electron
diffraction and grazing-incidence wide-angle X-ray scattering (GI-WAXS) 2. The proton
conductivity of COF membranes was evaluated. Proton conductivity in the direction of the
continuous pores is 20 times higher than in the other directions (Fig.2). These results are supported
by the predicted proton conductivity calculated through the molecular dynamics simulations by
using the machine learning force field .

Keywords : Covalent organic framework (COF), proton conductivity, orientation
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Fig. 1 Oriented/Non-oriented COFs Fig. 2 Proton Conductivities (Experiment)

(A (= [H20] / [-SO3HY]) is water uptake)

1) Y. Peng, et al. ACS Appl. Mater., 2016, 8, 18505-18512. L. Cao, et al. Adv. Mater:, 2020, 32, 2005565.
2) BEAVERT D, A AL 104 FZ4E4L(2024), P2-1vn-01.

?ﬁ) S. Minami, ez al. Chem Mater., 2024, 36, 9535-9546.
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Biodegradability enhancement technology for low-biodegradable polyester by introducing 6-
hydroxyhexanoic acid ('DIC Corporation) O Sho Inagaki', Shuhei Nishizawa', Atsuhisa
Miyawaki', Hidetomo Kai', Akihiro Koiso'

Social issues such as the marine plastic problem and the depletion of disposal sites caused
by the mass disposal of plastics are becoming more serious, and biodegradable plastics are
attracting attention as one solution. Biodegradable plastics are required to be degradable in
specific environments, but the level of decomposition varies depending on the type. This is the
reason why we should control how to control biodegradation the plastics. In this study, we
found that by partially incorporating polycaprolactone into soil-degradable polybutylene
succinate, it was possible to express seawater decomposition properties. The decomposition
rate could be controlled by the block chain length and adjusted by the reaction conditions.
Furthermore, the mechanical properties of the film were comparable to those of polybutylene
succinate, demonstrating the wide range of application of this technology.

Keywords : Biodegradability, Ocean plastics problem , Polyester, Film
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Development of a photocatalytic reduction reaction system for
amine-captured CO

('School of Science, Institute of Science Tokyo, *Graduate School of Advanced Science and
Engineering, Hiroshima University) ONaoki Hosokawa,' Osamu Ishitani?

Keywords: CO: reduction; Carbon capture and utilization; Photocatalytic reaction;, CO;
capture by amines

Concentration of CO by capturing reactions with primary and secondary amines has
attracted attention in the fields of carbon capture and storage (CCS). These amines can
efficiently react with CO, to give carbamate salts (eq. 1). As a typical example, the equilibrium
constant of CO; capture by ethanolamine (MEOA) is 6.0 X 10* M"'.! For removing CO, from
the carbonate, however, high temperature is required, and the required energy is 70-80% of the
total energy consumption in the CCS processes.

2 R;R,NH + CO, 2 R;R,NH, +R;R,NC(0)0O~ (1)

We previously reported a photocatalytic system, which can directly reduce low
concentration CO; (< 1%) to formate (HCOO").? In this work, we successfully applied this
photocatalytic system for reducing CO, that was released from carbamates at room temperature.

A DMA solution containing a Ir(Ill) (%; ’ T
photosensitizer, a  Ru(Il) catalyst, Eﬁi g:fbg

BI(OH)H (reductant), and MEOA was g{j
irradiated at Aex = 530 nm for 100 hours 1% CO, (0.1 mM)/Av(530 nm), O 1mM) | .

o _ +09% Ar » HCOO
after the reaction solution was bubbled NQQ

. H
with 1% CO2 (99% Ar) gas for 2 h BI(OH)HN(\0.1 M), Amine (1.26 M) in DMA
(equation in Figure 1) to give 157 pmol of 200 1000
formate with high selectivity (Figure 1). 157 pmol
HZN\/\OH e T 800

-
(4]
o

Usage of triethanolamine (TEOA) instead .
MEOA ,--

[}
£
of MEOA, on the other hand, only 6.4 3' - 800 =
umol of formate was produced. These 8 100 Ju x 251 | 400 =
results clearly indicate that the large £ so ” ’HD/\’N . 200
amount of carbamate salt produced by the /;_,_,T?P.@,GA umol
bubbling with 1% CO; could be effectively 0 0 25 50 75 100 °
utilized as a CO; source at room Time /h
temperature. This is a novel carbon capture  Figure 1. Photocatalytic CO, reduction reaction
and utilization (CCU) system. with MEOA or TEOA

[Reference]
1) Dell’Amico, D. B. and Pampaloni, G. et al., Chem. Rev. 2003, 103, 3857-3897. 2) Hosokawa, N. and
Ishitani, O. The 74™ Conference of Japan Society of Coordination Chemistry, 2024, 1C-07, Gifu
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Photo-degradation of polyamide iNylon with pyrrolidone structure

(‘Kagoshima Univ., >JAIST, *Kyushu Univ., *Dainichiseika Color & Chemicals Mfg.Co.,Ltd.,
YJiangnan Univ., *Univ. Hyogo.) OMaina Yonemura', Dai-ichiro Kato!, Risa Yokoyama',
Yukiko Yokogawa!, Toshiaki Taniike?, Yingjun An®, Atsushi Takahara®, Masayuki Kojima?*,
Hiroyuki Shimanaka®, Tatsuo Kaneko®, Seiji Negoro®

Nylon is widely used in daily necessities such as clothing, automobile parts, and fishing nets,
owing to its superior heat and chemical resistance compared to other plastics. However, its high
durability poses a significant challenge, as it is neither chemically degradable nor
biodegradable. This has led to growing concerns over its accumulation in soil and marine
environments after disposal. To address this issue, our laboratory is working on the
development of next-generation biodegradable nylons, focusing on iNylon, which is a kind of
polyamide contains pyrrolidone structure in its molecule (Fig.). iNylon exhibits biodegradability
through water solubilization under photoirradiation, although the mechanism of its chemical
degradation pathway remains unclear. In this study, we aimed to elucidate the photodegradation
mechanism of iNylon by thoroughly analyzing the metabolites produced upon light irradiation.
Our findings strongly suggest that UV light oxidizes the carbon atom adjacent to the amide
bond in the iNylon unit, resulting in main chain scission and subsequent photoinduced water
solubilization.

Keywords: polyamide; biodegradable plastic; nylon hydrorase; enzymatic hydrolysis
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Development of a Chemical Recycling Process for Used Tires by Oxidative Degradation Using
Radical Initiators ('National Institute of Advanced Industrial Science and Technology,
2Bridgestone Corporation) OHiroshi Yamashita!, Makiko Hatori!, Putro Wahyu!, Yoshihiro
Ueda', Kazuhiro Matsumoto!, Jun-Chul Choi!, Norihisa Fukaya!, Masahiro Hojo?, Seichi
Tahara?, Masahiro Homma?, Takakazu Minato?

In relation to the development of chemical recycling processes for used tires, degradation of
vulcanized rubbers was investigated. As a result, a carbon black (CB)-containing vulcanized
natural rubber smoothly underwent oxidative degradation in the presence of a radical initiator
under air at room temperature for 1 d to give a soluble liquid polyisoprene product (M, = 15000-
20000, My/My =~2.5) in 280% yield along with a recovered CB. Without the radical initiator,
the reaction hardly proceeded to give the polyisoprene in <2% yield even after 4 d. Pyrolysis
of the resulting product at 700-750 °C gave an isoprene monomer as a main product.
Keywords: Tire; Chemical Recycling,; Oxidative Degradation,; Radical Initiator; Isoprene

HHEXY A YOI AN YA 7 0E CO, HIROB AN L HEERFRETH D,
AWFFETIE, Z A ¥ A LORRIURIRDRIE L€/ ~— bt Lic, TORR. 7
A VERERAE OB LRI K 0 L (DERBEDORETH XA ¥ I LD50fE - 7]
EALIS A L= KT T D 2 & QIRIRAR Y ~—DBRRIZL Y AV T LU FEDE
) —AbEMRNR I BGOND LR ERDbh o,

el 2iE, =R 77 v 7 (CB) AMBERRT L (RIKT L 63wt%, CB31wt%,
Wit 1w%) %, ZE504, Al & ORER LR 7 ¥ DVEBGEIFIE . MV VA YE
e LTS L, |, 1 BREOSEMT, AEHERY A Y 7L (My=15000-
20000,, My/M, = ~2.5) 23 80%LL EOWETHOND L &b, VEODHH S E=ETe
CB W CX7=, 7 VHNARBAINGFELRWEGS, Eil, 4 HOB#ETH, &Y
ATV VORI 2% T TH -T2, £, BONTARMNERY 4 L DBy
ik Py-GC IZ X D BiEt L7-fE 8, 700~750CRREDRE T, A VT LU E ) ~v—N
FABME L TRLND Z L 2R LI, ZNOORERIT, EHEZ A ¥ OMFENR
TI BN P A TS OFR EB Z BILD,

Oxidative degradation Pyrolysis
_ __ Radical initiator / O, (Air) <_>=\9» >T
P q * > m 7N
Sy rt.~60°C 700~750°C
with CB o cB p>>m

BEE ZOREIT. ESIHFERERIE N T R L X — - EERIN RO B IR (NEDO) DZEEt
¥7% (JPNP21021) OfERGSNZHL DT,

© The Chemical Society of Japan - [PB]-1vn-09 -



[PB]-1vn-10 AAlLEa H1055FER (2025)

EXEICAF=FHERR)D—RR— DT UEZTKIZESD
TEALIHAI L

(TERPELY) Ofiys &' - LR &' - 20 EE' - FA K

Chemical recycling of petroleum-based polycarbonate by ammonolysis toward
industrialization (' Graduate School of Engineering, Chiba University) OToyokazu Tsutsuba,'
Karin Emi,' Tatsuo Taniguchi,' Daisuke Aoki'

Petroleum-based polycarbonate (BPA-PC) composed of bisphenol A (BPA) has been widely
used due to its excellent heat and impact resistance, optical clarity, and mechanical strength.
Currently, the amount of BPA-PC waste in Japan reaches hundreds of thousands of tons per
year. However, most of them have not been recycled. On the other hand, we have demonstrated
that bio-based polycarbonates are efficiently degraded into diol monomers and urea by
ammonia water.'” In this work, ammonolysis of BPA-PC waste was studied for the
industrialization of the chemical recycling of BPA-PC. As a result, chemical recycling was
successfully demonstrated by using obtained BPA as the monomer for repolymerization. In
addition, utilizing the obtained urea as a fertilizer was demonstrated by plant experiments.
Keywords : Polycarbonate; Ammonolysis, Chemical recycling; Bisphenol A; Urea
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fRCEDZENDNoT, SLICHRMTHS BPA 2/ ~—L L THEAICLD
TIANIHFA I NTELZ LR RIREDE LTER LD IREDEMIEEE LTFH]
HAT&E2ZLxHLMNTLTE,

BES Fianvgq4o0)

“ JOL
O O HoN NH
HO OH 2 2

NHs aq.  43Bf BPA Urea
_—

200 g

174 g (IXEE 96%) ) (409 (UNZR 85%)

J

1) T. Abe, R. Takashima, T. Kamiya, C. P. Foong, K. Numata, D. Aoki, H. Otsuka, Green Chem. 2021,
23,9030. 2) T. Abe, T. Kamiya, H. Otsuka, D. Aoki, Polym. Chem. 2023, 14, 2469. 3) K. Rikiyama, A.
Matsunami, T. Yoshida, T. Taniguchi, T. Karatsu, S. Nishitsuji. D. Aoki, Polym. J. 2024, 56, 443.
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Proton-reduction reaction catalyzed by a redox-active polynuclear rhodium complex (Graduate
School of Natural Science and Technology, Shimane University) ONatsumi Yano, Yusuke
Kataoka

Hydrogen evolution reaction using metal complex catalysts has attracted attention not only
from applied perspectives for solving the energy problem but also from fundamental
perspectives. In recent years, metal complex catalysts with cobalt and nickel ions have been
actively developed. However, there are still no metal complex catalysts that exhibit high
catalytic turnover frequency (kobs) at low overpotential (77) and excellent reaction durability.
Against this background, we have developed dirhodium complex catalyst for electrocatalytic
and photocatalytic hydrogen evolution catalyst that exhibits high efficiency and excellent
durability '?. In this study, we present a dirhodium complex coordinated with redox-active
terpyridine ligand [Rhy(O.CCH;)(tpy)2]*" for proton-reduction reaction. Electrocatalytic
hydrogen evolution with [Rho(O2CCH;)(tpy):]*" in DMF shows a higher rate of H, evolution
under trifluoroacetic acid as a proton source with ks of 5.27 X 10° s at 7 of 174 mV. Details
of the electrocatalytic and photocatalytic proton reduction reaction will be discussed in this
presentation.

Keywords : Proton-reduction reaction; Hydrogen evolution reaction;, Rh complex
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1) Y. Kataoka, N. Yano, M. Handa, T. Kawamoto, Dalton trans., 2019, 48, 7302.
2) Y. Kataoka, K. Sato, N. Yano, J. Chem. Phys., 2023, 159, 204304.
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Research on Analytica Methods for Elements including harmful substances in Waste
Printed Circuit Boards. (Nagoya Municipal Industrial Research Institute) O Daiki
Matsumura, Nobuyuki Shibata, Kazunori Nakano

A standard analytical method for multi-elements in waste circuit boards using ICP-
OES was investigated. Before analysis, pretreatment methods involving pulverizing
waste printed circuit board, acid dissolution, and microwave digestion were performed.
As aresult, it was found that detection values of As depended on pretreatment methods.
Keywords : Printed Circuit Board; ICP-OES
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Development of highly effective concentration based on microdroplet induced by fat-soluble
vitamin ('National Institute of Technology(KOSEN), Fukushima College) O Nao Araki,'
Takeshi Kato'

Ethanol extraction and supercritical fluid extraction have been used as extraction methods
for fat-soluble functional components in a solution, however, there are improvements in
operability and concentration. Therefore, in this study, we examined homogeneous liquid-
liquid extraction with environmentally friendly vitamin K, as the core of the extraction system.
This system aimed for powerful concentration with simple operation. Among homogenous
liquid-liquid extraction methods, we focused on the ternary component system with solubility
differences. = When vitamin K;-ethanol-water ternary component system examined, a
microdroplet was formed with only a simple operation of adding water. Moreover, powerful
concentration of 2267 times (20 ml—0.0075 ml) was confirmed to fat-soluble component,
dithizone (Fig. 1).

This method is expected to be applied to the extraction of fat-soluble functional components
with powerful concentration by environmentally friendly system.

Keywords : Microdroplet; Fat-soluble vitamin; High effective concentration

WU & D IRV MERSEEME AR 3 Of L & LT & 7 — VR SO il S i (sl
Mﬁmm TN DN, BIEESCIEMEICIISESRH D LEX DD, £ 2 TR
TIE, BREICERE L7 I K 2R o & LY —ikikikshi it 2 Rt L,
TNV IR EMET O ESRIENE A HiE Uiz, Fox 13—k o b b IR 2=
R LTz = R — R HEICE B Uiz, B4 2 v Ki/=H ) — VKD =pksy
TEBRIIHRET L& 24, KIIME WS BHRRBAEO L THUNKTFH 2 R TE -, £
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Complete mineralization of tetrafluoroethylene-
hexafluoropropylene copolymer (FEP) in subcritical water
with alkaline reagent

(Graduate School of Science, Kanagawa University) OHisashi Saito, Hisao Hori
Keywords: Fluoropolymer; Subcritical water; Mineralization

Fluoropolymers are used in many sectors in common industrial equipment (for example,
sinks, tubes, valves, O-rings, cable and wire insulations) and in high-tech applications such as
proton exchange fuel cell membranes, cores and claddings of optical fibers, backsheets for solar
cell panels, piezoelectric devices, cathode binders for lithium-ion batteries, UV- and aging-
resistant coatings, and so forth. However, their recycling technologies have not yet been well
established owing to their high stability. Furthermore, the mine production of high-purity
fluorite (CaF, ore), the raw material for all fluoropolymers, is limited in a few countries. If
fluoropolymer waste can be decomposed to F~ ions (i.e., mineralization) under mild conditions,
F~ can be converted to CaF, by reaction with Ca®* ion, which can contribute the recycling of
fluorine element. Herein we report efficient mineralization of tetrafluoroethylene-
hexafluoropropylene copolymer (FEP) by use of subcritical water in the presence of alkaline

reagent.!

Fig.1 shows the reaction time dependence 1200 k
of the amount of F~ and total organic carbon E 1000 F [AF
(TOC) formed in the reaction solution, where ~ F g5 | TOC
FEP was reacted in 3.0 M of KOH at 360 °C £ go0 } N

. = L

under argon. When the reactions were g 400 F
performed for 18 h, the F~ yield reached 98%. <t 200 | T
Therefore, complete fluorine mineralization 0 ! ! ! ! !
was achieved. On the other hand, the 0 3 Rg a ctign ti}r21 o/ %15 18

remaining ratio of TOC was 17%. These ) Y
CoL : . Fig. 1. Reaction-time dependences of the
results indicate that the resulting organic __ i _
F~ and TOC amounts in the reaction

. ) solution. FEP (30.0 mg) was heated with
fluorine atoms, because most of the fluorine L i .
3.0 M of initial [KOH] in subcritical water

t in FEP ineralized. "’F-NMR of th
a om.s in .were mineralized ofthe . 6°C for 618 .
reaction solutions showed only the peak of F-,

compounds in the reaction solution do not contain

even in cases where the mineralization was incomplete. Raman spectroscopy for the residue
indicated that the residue was a mixture of FEP and amorphous carbon. FEP decomposed,
releasing F~ into the reaction solution, resulting in the formation of amorphous carbon in the
residue.

1) H. Hori, H. Saito, A. Manseri, B. Ameduri, Fur. Polym. J. 2024, 221, 113575.
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Preparation of biodegradable hollow polymer particles by phase separation in polymer solution
containing fine bubbles (‘Nagoya Municipal Industrial Research Institute, *Graduate School
of Engineering Nagoya University) ONozomu Yasui', Ukyo Saito?, Tsuyoshi Yamaguchi?,
Keiji Yasuda?

Biodegradable hollow polymer particles were created, which are expected to serve as a
substitute material for microplastics, as well as functional particles. This production method
results in the formation of hollow particles from a polymer solution containing fine bubbles
and produces hollow particles efficiently and inexpensively, but it requires a lot of organic
solvents. In this research, waste solvents resulting from particle production were regenerated,
and the solvents were reused to produce particles. Measurements of the particle size distribution
indicated that the shape remained unchanged when the regenerated solvents were used.
Keywords : Hollow Polymer Particles, Fine Bubbles, Biodegradable, Phase Separation
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1) LI, ZMET], @EITEREIC L 2L OR0RE ikl X OMLELEE K7 2024-140860 2024.
LB, KL, RHEE], BARY ) I A Y —543EE 2023, 17, 33.
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Chemo-enzymatic quantitative monomerization technique for nylons (1. Kagoshima univ., 2.

Univ. of Hyogo) OYuki Shiraishi!, Dai-ichiro Kato', Risa Yokoyama', Yoko Furuno', Yukiko
Yokogawa!, Seiji Negoro?

Nylons are widely utilized in textiles and automotive parts due to its toughness, heat and
chemical resistance, and flexibility. These properties stem from the intermolecular interactions
within its regular amide bond structure. However, its high stability renders it non-biodegradable
and resistant to chemical degradation, which results in limited recycling opportunities. Since
the 1970s, we have been studying microorganisms capable of metabolizing nylon and have
explored the use of nylon hydrolytic enzymes (Nyl series) to convert nylon into monomers.
Despite this progress, the enzymatic hydrolysis of high-molecular-weight nylon using the Nyl
series remains inefficient, with degradation rates typically limited to a few percent. This
inefficiency is primarily attributed to nylon's insolubility in water.

This presentation introduces a method to enhance enzymatic degradability by chemically
pretreating nylon to improve its solubility, thereby enabling more efficient hydrolysis into
monomers by the Nyl series. This approach has also proven effective for commercial nylon
products, highlighting the potential of enzymatic hydrolysis as a viable solution for the
chemical recycling of nylon products.

Keywords : Nylon; Nylon hydrolase; Nyl series enzymes
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Development of environmentally friendly biopolymer for recycling and resource recovery
(!National Institute of Technology(KOSEN), Fukushima College, *Kansai University) OMirai
Takakura,' Takeshi Kato,' Tatsuo Yajima?

In recent years, natural products and chemicals have become important to reduce the burden
on the environment. Based on this trend, we investigated the use of natural biopolymers for
recycling and resource recovery. The used biopolymer with epoxy groups at its terminals is
highly reactive and water-soluble. In order to use this polymer for resource recovery, the
polymer itself must be in both a homogeneous and coagulated state. It was found that the
polymer can switch between homogeneous and coagulated states by salting out with sodium
chloride (Fig. 1). Furthermore, it was discovered that the polymer could be modified at its
terminal with metal ligand and used to recover rare metals. ~Also, the results showed that the
base material, natural biopolymers, can be recycled.

Keywords : Biopolymer,; Recycling, Resource recovery
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A new strategy of molecular disaggregation for PTFE recycling studied by molecular analysis
(Mnstitute for Chemical Research, Kyoto University, *Institute of Science Tokyo, *Institute of
Multidisciplinary Research for Advanced Materials, Tohoku University)

(OTomoya Oonuki', Taisuke Araki', Nobutaka Shioya', Hiroshi Matsuda', Takeshi Hasegawa',
Akihide Hibara?, Junya Kano®

Poly(tetrafluoroethylene) (PTFE) is used in various fields because of its unique and useful
properties such as high chemical stability. However, the stability makes it difficult to recycle
the used matter. The unique properties of PTFE are derived from its strong molecular
aggregation induced by the dipole-dipole interactions. In this study, we have tried to
disaggregate PTFE using solid NaCl. PTFE powder and solid NaCl were co-milled, the
aggregated structural changes were pursued by using infrared spectroscopy. The spectral
change (Fig.1) significantly shows that the addition of NaCl helps the expected molecular
disaggregation a lot. This result reveals that the molecular interaction of PTFE is suppressed
by addition of NaCl.

Keywords : PTFE; Material Recycling; Mechanochemistry; SDA Theory; Non-Fluorinated
Solvents
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1) T. Hasegawa, “Physicochemical Nature of Perfluoroalkyl Compounds Induced by Fluorine” Chem.
Rec. 2017, 17, 903.
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Enhancing marine biodegradability of poly(butylene succinate) by blending with organic
compounds (' Gunma University Center for Food Science and Wellness, *Graduate School of
Science and Technology., Gunma University, * Japan Agency for Marine-Earth Science and
Technology) OMiwa Suzuki', Minori Ota?, Yuya Tachibana'?, Shun’ichi Ishii’, Hiryoyuki
Kashima®, Ken-ichi Kasuya'*

We present a novel method to enhance the marine biodegradability of poly(butylene
succinate) (PBS) by blending it with 10 wt.% of 16-hydroxyhexadecanoic acid (16HHD) and
poly(e-caprolactone) (PCL). The weight loss rates of the PBS samples with 16HHD and PCL
were 18.4- and 7.8-times faster than that of PBS. Additionally, unlike pristine PBS, samples
with 16HHD and PCL demonstrated biochemical oxygen demand (BOD) biodegradabilities of
90.4 % and 83.2 %, respectively, under marine conditions. The addition of 16HHD and PCL
changed the microbial community compared to PBS. These findings demonstrate how blending
PBS with 16HHD and PCL enhances its marine biodegradability. Keywords : Biodegradable
plastics, Marine biodegradability, Poly(butylene succinate), 16-Hydroxyhexadecanoic acid,
Poly(e-caprolactone)
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1) Enhancing marine biodegradability of poly(butylene succinate) by blending with 16-
hydroxyhexadecanoic acid and poly(e-caprolactone) Miwa Suzuki, Shun'ichi Ishii, Minori Ota, Kohei
Gonda, Hiroyuki Kashima, Takahiro Arai, Yuya Tachibana, Hiroyuki Takeno, Ken-ichi Kasuya, Polym.
Degrad. Stab. 2024, 228, 110912.
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Isolation of a novel marine bacterium capable of degrading polyamide iNylon with a
pyrrolidone structure and its potential for PHA production (' Kagoshima Univ, > Iwate Univ., 3
Jiangnan Univ, *Univ.Hyogo) O Yoko Furuno!, Dai-ichiro Kato', Risa Yokoyama!, Yukiko
Yokogawa', Miwa Yamada?, Tatsuo Kaneko®, Seiji Negoro*

Nylon, a commonly used plastic with annual global production exceeding 8.9 million tons, has
low biodegradability, leading to significant environmental impact through accumulation in soil
and oceans. To address this problem, we are developing biodegradable next-generation nylons,
focusing on iNylon, which contains a pyrrolidone ring and degrades into water-soluble
products upon UV exposure. In this study, we isolated microorganisms capable of metabolizing
the iNylon monomer, Nylon6i-monomer unit (6i-MU), from Kagoshima Ocean”. These
microorganisms were enriched using 6i-MU as a carbon source, resulting in the isolation of
Sulfitobacter gulosus Umi7-B1(Fig.). The whole genome analysis identified it as a new species.
Genetic  analysis suggested that this strain possesses enzymes involved in
polyhydroxyalkanoate (PHA) biosynthesis. Chloroform extraction of the culture strain yielded
polymer-like substances, and 1H-NMR confirmed that they were polyhydroxybutyrate (PHB).
Keywords:nylon hydrorase,; Polyhydroxyalkanoic acid ; Nylon6i -monomer unit; Sulfitobacter
gulosus Umi7B-1
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1) D.Kato et al., JP2022-034081.

(Fig.) Colony isolation by Nylon6i seawater plates
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Metal-Catalyzed Amination Reactions of Lignocellulosic Molecules in Woody Plant Cell Walls
(‘Kyoto Univ., *Daicel Corporation, *PRESTO, JST, “Tohoku Univ.) O Yuka Kawahara-
Nakagawal’ 23 Shohichi Furukawa®, Keiko Kondo!, Masato Katahira', Takashi Watanabe',
Ken-ichi Fujita', Masaharu Nakamura'

Toward the departure from the petroleum resource-dependent society, utilizing woody
biomass — an abundant renewal resource in Japan — as a source of chemical feedstock is
essential. However, the demand for the wood is mainly for the lumber and plywood (40%),
pulp and chips (35%), fuelwood (20%) and limited for chemical use. This is because the high
energy consumption required to disintegrate the hieratical structures of wood, which is held
together by strong and numerous bonds among its main components: cellulose, lignin and
hemicellulose. Furthermore, these woody biopolymers are difficult to separate, purify and
modify due to their insolubility. In this study, we developed a novel method to functionalize
wood directly in a single reaction, wherein the disintegration of the woody structure and the
modification of its polymer occur simultaneously. Specifically, we performed the amination
reaction directly on the wood powder and obtained aminated cellulose as a solid and lignin in
the solution. We also performed model experiments to determine the structure of the aminated
cellulose produced.

Keywords : Woody biomass, Catalyst,; Cellulose, Lignin
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Potential for microplastic generation from incompatible biodegradable polymer blends
(AIST) Shodai Hino, Naoko Yamano, Norioki Kawasaki, Atsuyoshi Nakayama

As most polymer blends have a phase-separated structure, the progress of biodegradation is
considered to be non-uniform, with the slower parts remaining while becoming finer, which
may lead to the accumulation of microplastics (MP) rather than composites. Therefore, this
study focuses on the phase-separation structure of incompatible biodegradable composites as
one of the factors influencing biodegradability, clarifies their biodegradation behaviour, and
examines the possibility of MP generation by biodegradable composites.

Keywords : Biodegradation, Polymer blends, Incompatibility, Microplastics
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Fig. The schematic illustration showing possible MP generation from incompatible
polymer blend.
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Enhancement of Catalytic Activity of Noble Metals by Alloying with Poor Metals in Cluster
(Mnstitute of Industrial Science, The University of Tokyo, *Graduate School of Engineering,
The University of Tokyo, *JST-PRESTO, *Laboratry for Chemistry and Life Science, Institute
of Science Tokyo, *Integrated Center for Science and Humanities, Fukushima Medical
University, °Graduate School of Engineering, Osaka University) OTakamasa Tsukamoto,'??
Nozomi Yoshida,* Makoto Tanabe,’ Tetsuya Kambe,® Kimihisa Yamamoto*

In this study, we focused on alloy clusters with a diameter of ~1 nm, and investigated how
to maximize the catalytic activity of noble metals based on the strong charge transfer between
noble metals and poor metals. We alloyed noble metals typified by gold and poor metals
typified by tin in clusters, and clarified their electronic states for various alloy compositions.
Moreover, the catalytic activity of clusters in oxidation reactions using a substrate such as
ethanol was also evaluated.

Keywords : Cluster materials; Noble metals; Poor metals; Alloys,; Catalysts
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1) T.Tsukamoto, et al., Nature Rev. Chem. 2021, 5, 338.
2) T. Tsukamoto, et al., Angew. Chem. Int. Ed. 2020, 59, 23051.
3) T. Tsukamoto, et al., Nature Commun. 2018, 9, 3873.
4)  T.Tsukamoto, et al., Acc. Chem. Res. 2021, 54, 4486.
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Miniaturization of adhesion protein AtaA for microbial immobilization and application to
microbial reactions ('Graduate School of Engineering, Nagoya University) O Shogo
Yoshimoto,! Katsutoshi Hori?

Cell immobilization enhances the efficiency of whole-cell biocatalysts. We developed a
method using AtaA, a trimeric autotransporter adhesin from Acinetobacter sp. Tol 5. However,
its application to non-Acinetobacter species is limited due to the difficulty of expressing large
AtaA, a homotrimer of 3,630-amino-acid chains. Here, we identified the adhesive domain of
AtaA and created mini-AtaA to improve heterologous expression. Functional mapping with in-
frame deletion mutants revealed that the N-terminal head domain is essential for adhesion.
Mini-AtaA, a 775-amino-acid homotrimer, was efficiently expressed in E. coli, achieving
higher surface display and immobilization on polyurethane foam than full-length AtaA (FL-
AtaA). It minimally affected cell growth and enzyme activity, enabling efficient, reusable
whole-cell biocatalysts.

Keywords : Immobilization; bioprocess, bacteria
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Environmental conservation use of alginate gel labeled with environmentally responsive
fluorophore FluoraBlocks (Graduate School of Environmental Science, Hokkaido University)
(OKaoji Yamada, Shoki Maeda, Tatsuya Morozumi

Sodium alginate, which is a polysaccharide with carboxyl groups produced from brown
algae, form a gel when calcium ions are added, enabling it to act as an adsorbent. In this study,
a fluorescent dye (Dye 1), whose emission wavelength is responsive to solvent polarity, was
synthesized with an amino terminal group and condensed with sodium alginate to evaluate gel
performance. The gel was formed by mixing 0.5wt% dye with alginates having different
mannuronic acid/glucuronic acid ratios. While the fluorescence color remained largely
unaffected by the mannuronic acid/glucuronic acid ratio and divalent ions, exposure to cationic
surfactants or heating (80°C, 5 minutes) caused a significant short-wavelength shift. This
suggests the dye localizes within the gel's water phase and responds to both solvent polarity
and structural changes, making it promising for applications in sensors and contaminant
adsorption.

Keywords : alginate gel; fluorescent dye; wavelength response
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1) K. Kishi, A. Ichimura, Z. Shuai, Y. Otsuka, T. Morozumi, K. Yamada, Polymers, 2022, 14(21), 4649.
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Zirconium-Grafted Heterogeneous Catalysts Driving CO» Conversmn to Diethyl Carbonate
(National Institute of Advanced Industrial Science and Technology (AIST), *TOSOH
Corporation) OHaruki Nagae,'! Hiroki Koizumi,! Katsuhiko Takeuchi,! Satoshi Hamura,?
Toshihide Yamamoto,?> Kazuhiro Matsumoto,! Yoshihiro Kamimura,! Sho Kataoka,' Norihisa
Fukaya,' Jun-Chul Choi'

The increase in carbon dioxide (CO») levels has been identified as a significant contributor
to climate change, particularly global warming. Therefore, in recent years, considerable efforts
have been dedicated by scientists to develop CO, converting method into useful chemicals.
Dialkyl carbonate (DRC) is chemically synthesisable from CO,, and finding applications as
reagents and solvents in organic synthesis, electrolytes in batteries, as well as comonomers in
copolymerization. We recently reported an efficient synthesis method of DRC from CO; and
tetraalkyl orthosilicate in the presence of tetraalkoxy zirconium (Zr(OR)4) as the catalyst.
Herein, we improved our DRC synthesis method by using immobilized catalyst, Zr(OEt)4
grafted on metal oxide support, and found that immobilized catalyst exhibited higher catalytic
activity compared to Zr(OEt), in the conversion of CO; to diethyl carbonate.

Keywords : COy; Diethyl Carbonate; Tetraethyl Orthosilicate; Zirconium Grafted Catalyst
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1) W.S.Putro, A. Tkeda, S. Shigeyasu, S. Hamura, S. Matsumoto, V. Y. Lee, J.-C. Choi, and N. Fukaya,
ChemSusChem 2021, 14, 842-846.

2) H. Nagae, H. Koizumi, K. Takeuchi, S. Hamura, T. Yamamoto, K. Matsumoto, Y. Kamimura, S.
Kataoka, N. Fukaya, and J.-C. Choi, ChemCatChem 2024, 16, €202400673.
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Synthesis of Dialkyl Carbonates Employing Chemical Absorption of Carbon Dioxide
('National Institute of Advanced Industrial Science and Technology (AIST), *TOSOH
Corporation) O Hiroki Koizumi' + Haruki Nagae' + Katsuhiko Takeuchi' + Kazuhiro
Matsumoto' + Norihisa Fukaya' - Kouta Sakaguchi? » Hiroyoshi Hoshino? * Satoshi Hamura? -
Jun-Chul Choi'

Dialkyl carbonates, which can be synthesized from CO,, are valuable materials for polymers
or lithium-ion batteries. Typically, the synthesis of dialkyl carbonates usually requires high
pressure CO» and/or highly reactive reagents such as halogenated alkyls. In this presentation,
we demonstrate a synthetic method that uses atmospheric pressure of CO, with tetraalkyl
orthosilicates (TROS) as regenerable reagents. Atmospheric pressure of CO, was bubbled into
a mixed solution containing an alcohol and a strong organic base, resulting in the formation of
the corresponding alkyl carbonate salt. TROS as a dehydrant and CeO, as a catalyst were added
to the reaction mixture with the formed salt in metal vessel. After tightly shielding and heating
the vessel, the target compounds, dialkyl carbonates, were successfully obtained. This method
could be applied to the utilization of low-concentration of CO,, which simulated exhaust gases
from coal-fired power plants.

Keywords : CCU; Dialkyl Carbonate; Atmospheric Pressure
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Synthesis and Characterization of Urushiol Analogs Derived from
Biorenewable Carbon Resources

(‘Graduate School of Engineering, Kyoto University, *Department of Chemistry and Industrial
Chemistry, University of Pisa) OBeiling WU,' Francesca PINCELLA,' Ilaria BONADUCE,?
Masaharu NAKAMURA'

Keywords: Artificial urushiol; Synthesis; Coating material; Biorenewable resources

Urushi, a natural coating and adhesive material from the sap of Toxicodendron
vernicifluum, is a sustainable material with a long history and a wide range of applications
thanks to its durability and high stability. However, its labor-intensive and time-consuming
cultivation and tapping, and highly technical processing make urushi a scarce and costly raw
material and therefore limit its uses. As the major component of urushi sap, urushiol has been
revealed to be important for the special characteristics of the urushi film.' Therefore, synthetic
research on natural urushiol and urushiol analogs has attracted renewed interest. We previously
developed an iron-catalyzed cross-coupling reaction between alkyl halides and aryl Grignard
reagents, which is applicable to introduce the aliphatic side chain to the 3-position of catechol.”
Considering that the side chains of natural urushiol have different degree of unsaturation, we
envisioned that the synthesis and characteristics of urushiol analogs with different numbers of
carbon-carbon double bonds in the side chain would provide valuable information for
developing new artificial urushi.

Urushiol analogs were synthesized from fatty acids with controlled degree of unsaturation
via chemical transformations to fatty halides, followed by iron-catalyzed cross-coupling with
phenyl Grignard reagents. The artificial urushi films were prepared from these urushiol analogs
by mixing them with acetone powder extracted from natural wrushi. The films were
characterized by Pyrolysis-Gas chromatography-Mass spectrometry and other analytical
techniques, to determine whether the new urushiol analogs possess curing and coating
properties comparable to those of the precious natural urushi materials.
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RO BuLi MgBr, RO MgBr-LiBr

OR’ OH
)CJ)\ reduction bromination iron catalyst RO R deprotection HO R
R” “OH R Br EE——
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1) a) J. Kumanotani, J. Progress in Organic Coatings 1995, 26, 163—195. b) J. Kumanotani, J. Progress
in Organic Coatings 1998, 34, 135-146. c) R. Lu, T. Yoshida, T. Miyakoshi, Pol. Rev. 2013, 53, 153—
191. 2) M. Jin, L. Adak, M. Nakamura, J. Am. Chem. Soc. 2015, 137, 7128-7134.
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Approaches toward development of antifouling compounds inspired by natural product
(!Graduate School of Environmental Science, Hokkaido University, 2CERES, Inc., *Central
Research Institute of Electric Power Industry) OTaiki Umezawa', Ira Novita Sari', Erina
Yoshimura?, Yasuyuki Nogata3

Shipping is essential for human activity. While ships are anchored, accumulation of fouling
organisms proceeds to induce fuel waste. In order to prevent the accumulation, antifouling
compounds have been employed on the bottoms of ships. Now, toxic organic compounds are
employed, and a green antifouling compound is expected to be developed. Our group has
envisioned antifouling natural products, 10-isocyano-4-cadinene (1) and dolastatin 16 (2). We
present synthesis of antifouling compounds inspired by 1 and 2. Through structure-activity
relationship researches of 1 and 2, we revealed importance of isocyanide and tripeptide
including unusual amino acids, respectively. The isocyanide was installed into glucosamine,
and commercially available amino acids instead of the unusual amino acids were used for
tripeptide synthesis to create new antifouling compounds.

Keywords : Fouling organism; Antifouling compound; Natural product
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1) T. Umezawa, Y. Hasegawa, 1. S. Novita, J. Suzukl, T. Morozumi, Y. Nogata, E. Yoshimura, F. Matsuda,
Mar. Drugs 2017, 15,203. 2) T. Umezawa, 1. N. Sari, E. Yoshimura, Y. Nogata, RSC Sustain. 2025, In press.
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Poly(phenylene sulfide/phenylene oxide) Copolymers with Unprecedented Low Dielectric
Properties ('Res. Inst. of Sci. and Eng., Waseda Univ., *Dept. of Applied Chem., Waseda Univ.)
OSeigo Watanabe', Shuma Miura?, Kenichi Oyaizu'*

For high speed telecommunications (e.g. 5G and 6G), polymers with low dielectric loss in
the GHz range have been in demand. In general, less polarizable and less polar polymers, such
as poly(2,6-dimethyl-1,4-phenylene oxide) (PPO), result in low dielectric constant (D) and
low loss tangent (Dr). However, due to the electronegativity differences in the chemical bonds,
polymers with ultralow Dr (< 0.001) have been unprecedented to date.

Herein, we anticipated to replace the oxygen of PPO with sulfur to decrease the overall
polarity to achieve further low Dr polymers (Fig. 1). Indeed, poly(2,6-dimethyl-1,4-phenylene
sulfide) (PMPS), a PPO analog, simultaneously exhibited low D (2.80 at 10 GHz) and ultralow
Dr(0.00087 at 10 GHz) owing to the low-polar sulfide bond. Extending the structure with other
PPS derivatives and the PMPS-PPO alternating copolymers (P1-P4), we found that the
copolymer P1 exhibited the unprecedented frequency-independent Dr changing behavior.
Keywords: Sulfur, Oxygen,; Aromatic Polymer; Low Dielectric Loss
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Fig. 1 Research concept: design of PMPS-based low-Dx/Ds polymers

1) Q. Fang et al., ACS Appl. Polym. Mater. 2021, 3, 2835.
2) S. Watanabe, S. Miura, T. Miura, Y. Tsunekawa, D. Ito, K. Oyaizu, submitted.
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Prediction of a monomer unit of bioplastic "FADP" based on DFT
calculation

(*Hyogo prefectural Institute of Technology, *College of Life Sciences, Department of
Biotechnology, Ritsumeikan University) OHiroto Achira,' Takeshi Imai', Hisaaki Mihara?
Keywords: Bioplastic; Unsaturated fatty acid; Density functional theory; IR spectrum; LC-MS

Fatty acid-derived polyelectrolyte (FADP) is a bioplastic derived from edible oils and their
wastes. It has been experimentally observed that FADP exhibits a high affinity for carbon
materials and demonstrates attractive mechanical properties, such as high wettability in contact
angle tests. However, the molecular structure of FADP remains unclear due to the complex
reaction processes during its synthesis. In this study, we constructed a model structure of FADP
monomer based on linoleic acid and predicted the monomer unit by DFT study, IR spectroscopy,
and LC-MS in accordance with the experimental results regarding its affinity for carbon
materials.

In general, the peroxidation of linoleic acid begins with hydrogen abstraction from
bis(allyl) methylene, leading to the formation of lipid peroxide radicals (Scheme 1a)!, which
in turn promotes the polymerization of linoleic acid. While the synthesis of FADP is based on
these chain reactions, the downstream processes involving more complex reactions remain
unclear. Given the characteristic dark brown color, we hypothesized that FADP might contain
condensed-ring structures formed through carbonization reactions, including Diels-Alder
reaction’ and dehydrogenation (Scheme 1b). Its high affinity can be attributed to structural
similarities to carbon materials. Our prediction of the FADP polymerization process suggests
several candidate models with condensed-ring structures as intermediates, one of which was
supported by LC-MS analysis.

o
WWWYO 2 PR 0
\/\/\/\/\/\/\/\/Y
O\O. OH OH

-4H,

© (1 —=0—0

Scheme 1 (a) peroxidation of linoleic acid (b) Diels-Alder reaction and dehydrogenation
1) a) B. Mihaljevi¢, et al. Org. Biomol. Chem. 2011, 9, 3541. b) C. Schneider Mol. Nutr. Food Res. 2009,

53(3), 315. 2) a) M. Arca, et al., J. Am. Oil Chem. Soc. 2012, 89, 987. b) B. Briou, et. al., Chem. Soc.
Rev. 2021, 50, 11055.
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Contribution to Carbon Neutrality through Sulfur Resource Recycling: Development of High-
Performance Plastic Production Technologies Using Waste Sulfur ('Graduate School of
Science, Osaka University, *ICS-OTRI, Osaka University, *PRESTO, JST) O Yuichiro

Kobayashi,'** Hiroyasu Yamaguchi?

Every year, 7 million tons of sulfur are discarded, highlighting the need for new applications
of this material. This presentation will discuss research aimed at achieving carbon neutrality
through the valorization of waste sulfur by developing functional materials. Specifically, to
enable sulfur polymers to achieve a level of development similar to carbon-based polymers,
the presenter will introduce theoretical foundations in sulfur polymer chemistry, eco-friendly
synthesis methods geared toward real-world applications, and the latest functional sulfur-based

materials that have already been developed.

Keywords : Sulfur; Polysulfide; Polycondensation, Carbon neutral; SDGs
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Synthesis and characterization of highly electronically conductive and humidity-tolerant Ti;C»
MZXene prepared using phosphoric acid (‘Murata Manufacturing Co., Ltd.) O Akimaro
Yanagimachi, ' Naoki Ichijo, ' Kazuhiro Kamiguchi, ' Shun Sakaida'

MXene, a new family of two-dimensional materials identified by Naguib et al.,! attracts
researchers because of its high conductivity, capacitance, and biocompatibility. These features
indicate that MXene is a potential material for electromagnetic shielding, supercapacitors, and
biological devices. These consumer use applications require that chlorine-free to comply with
the environmental regulations and humidity tolerance in order to adapt to harsh usage
environments. The delamination of MXene is also important to bring out properties arising
from its ultra-thin structure.

In this study, we established a pioneering method for the efficient delamination of MXene
under chlorine-free conditions. Phosphoric acid and lithium phosphate were used in the
delamination process. We also found that the obtained MXene exhibits an electronic
conductivity of approximately 15,000 S/cm and a humidity tolerance of more than 90 % at R.
T., 100% RH for 2 weeks at maximum. These values are higher than those of conventional
MXene. In this presentation, we also present research into property exhibition mechanisms.
Keywords : Two-dimensinal materials;, MXene; Conductivity, Humidity tolerance; Process
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—IRENCRAERABRTHO SN DA R TIIREREN ST 2HE T U —, BE72
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1) Two-Dimensional Nanocrystals Produced by Exfoliation of TizAlC,, M. Naguib, M. Kurtoglu, V.
Presser, J. Lu, J. Niu, M. Heon, L. Hultman, Y. Gogotsi, M. W. Barsoum, Adv. Mater. 2011, 23, 37, 4248.
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Preparation of Boron/Carbon Materials with a Layer Structure via a Novel Manufacturing
Method (! Thermo Graphitics Co.,Ltd., *Osaka Electro-Communication University) OShuhei
Toshinari,'? Sena Ishihata,” Masashi Kimura,? Keiya Noda,> Masayuki Kawaguchi,?

Boron/carbon (B/C) materials with a graphite-like layer structure were prepared using a
following novel method: a precursor was prepared by mixing and reacting coal tar pitch and
boron oxide at 200 ‘C, followed by pyrolysis at 1000 ‘C under an argon atmosphere to
prepare B/C materials. X-ray diffraction analysis indicated that the obtained B/C materials had
crystallinity similar to that of low-crystalline carbon. Furthermore, electron spectroscopy for
chemical analysis suggested that boron atoms were incorporated within the graphitic layers. It
was also found that reducing the heating rate during pyrolysis improved the yield.

Keywords : Boron/Carbon Material, Layer Structure, Novel Manufacturing Method
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1) S. Nagakura, et al., Carbon Reports 2 (2023) 123-129.
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Preparation of functional Au nanoparticles using Au anodic dissolution reaction (Department
of Materials Science and Engineering, National Defense Academy) O Shinichiro Ozawa,
Moe Hokugo, Ryusei Matsumoto, Haruya Takezaki

In this study, Au was ionized into the electrolyte solution by anodic dissolution reaction using
an Au electrode. Using the Au ions as a starting material, the functionalization of the Au
nanoparticles produced by using various reducing reagents (thiols, amino acids) was
investigated. The produced Au nanoparticles were investigated using electrochemical
techniques, UV-visible spectroscopy, fluorometry, X-ray diffraction analysis and field
emission scanning electron microscopy. The functionalization of the Au nanoparticles
produced by different types and concentrations of reducing agents is reported.

Keywords : Au anode dissolution reaction;, Au nanoparticles; Functionalization, Reducing

Reagents; Amino Acids
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1) Y. Okamoto, K, Kimura, H. Nakatsugawa, H. Miyazaki: J. Jpn. Soc. Powder Powder
Metallurgy, 65, 548 (2018).
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Photoswitching of elastic property of crystals of a diarylethene having isopropyl groups
(‘Ryukoku Univ., *Rikkyo Univ., *TUPLS, *Kumamoto Univ.) O Ayumu Tani'!, Ryo Nishimura?,
Satoshi Yokojima®, Shinichiro Nakamura®, Kingo Uchida'

The crystals of diarylethene derivatives undergo cyclization reaction upon UV light irradiation,
leading to change in molecular structures. Crystals exhibiting mechanical behaviors such as
bending, phase transition and the salient phenomena due to the volume change associated with
the photoisomerization have been reported. We have reported crystals showing a two-step
bending with phase transition of thin crystals of 10 upon UV light irradiation. It is believed that
the intermolecular distance changes due to photoisomerization, altering their mechanical
properties. Here, we investigated the flexibility changes of diarylethene crystals by light
irradiation. Needle-like crystals of 20 having isopropyl groups were prepared by sublimation.
These crystals of 20 were bent when a force was applied, with curvature dependent on thickness.
After UV light irradiation, the crystals could still be bent similarly as before irradiation, but
when visible light was applied while the force was exerted, the crystals were broken. Therefore,
it is considered that the flexibility of the crystals changes due to photoisomerization.

Keywords : diarylethene, photoswitching, elasticity, single crystal
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Development of Liquid-Liquid Phase Separation Droplets Using Self-Assembling Peptide
Fibers and Their Applications to Bioreactors. ('Tokyo University of Agriculture and
Technology, *KISTEC)

ONoriyuki Uchida', Shiori Kondo', Takahiro Muraoka'~

Liquid-liquid phase separation droplets are formed in dispersions of dextran and polyethylene
glycol, although they quickly fuse due to the instability of the interface. We successfully
prepared a highly stable liquid-liquid phase separation droplet by mixing self-assembling
peptide which forms a hierarchical bundle structure. The stabilized droplet allows for
accumulating biomacromolecules inside the droplets while small molecules freely move
across the interface, and thus it is useful as a bioreactor.

Keywords: Peptide; Self-Assembly; Photoisomerization, Liquid-Liquid Phase Separation;
Azobenzene
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1) N. Uchida, et. al., Biomacromolecules 2024, 25, 3499. 2) N. Uchida, et. al., Chem. Commun. 2022,
58, 5164. 3) JP Patent 2023-181844. 4) S. Wang, N. Uchida, e. al., Nat. Commun. 2024, 15, 9891. 5)

N. Uchida, et. al., J. Am. Chem. Soc. 2023, 145, 6210. 6) N. Uchida, et. al., Chem. Commun. 2023, 59,
9665. 7) N. Uchida, et. al., Nat. Prod. Commun. 2020, 20, DOI: 10.1177/1934578X20947232.
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ORISR /R T 2 i BUK 3 - JATA AL ? Photochromism and Fluorescence
Properties of Arylvinylthiazole Derivatives with Thiazolyl Groups ('NIT. Niihama College,
2Ehime Univ. *Hyogo Univ. of Teacher Edu., *“Nara Inst. Sci. Tech.) OShizuka Takami,' Yurina
Tamiya,' Yukihide Ishibashi,” Tadatsugu Yamaguchi,® Tsuyoshi Kawai*

The structure of arylvinylthiazole derivatives are similar to those of terarylene and
diarylethene derivatives, which underwent reversible photochromic reaction in solution.
However fluorescence properties of arylvinylthiazole derivatives have not been developed. In
this study, we report on the observation of similar fluorescence behavior in a derivative with a
thiazolyl group. Upon irradiation with 313 nm light, the toluene solution of 1a exhibited blue
fluorescence. The fluorescence maxima of 1a was observed 411 nm. The orange solution of
closed-ring isomers 1b exhibited red fluorescence. The fluorescence maxima of 1b and 2b were
observed 641 nm. The fluorescence intensities of 1a decreased upon prolonged irradiation with
UV light and changed depending on the population of closed-ring isomers 1b. Photochromic
behavior of derivatives in which the olefin moiety and thiazolyl group are swapped is also
reported.

Keywords : Photochromic molecule, Fluorescence switching, Solution, DFT calculation
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1) M. Irie, T. Fukaminato, K. Matsuda, S. Kobatake, Chem. Rev., 114, 12174-12277 (2014).

2) S. Fukumoto, T. Nakashima, T. Kawai, Angew. Chem. Int. Ed., 50, 1565-1568 (2011).

3) S. Takami, M. Nishiyama, M. Mizuno, T. Yamaguchi, Y. Hashimoto, T. Kawai, Bull. Chem. Soc. Jpn.,
92,1773-1778 (2019).
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Innovative Methods for Developing Functional Materials by Providing Pinpoint Molecular
Design (‘MOLFEX, Inc., *Fukui Fundamental Institute, Kyoto University) O Motoyuki
Uejima', Tohru Sato?

Vibronic couplings play an important role in expressing any molecular functionality
involving electrons and photons. Controlling vibronic couplings facilitates the theory-driven
design of various functional molecules. The design method is an unprecedented type of
theoretical design method that can propose new functional molecules by visualizing the site
that is an obstacle to the expression of function in the starting molecular structure and removing
the obstructive factor with pinpoint accuracy by chemical modification. This method enables
the steady development of materials in a short period at a low cost.

Keywords : Photophysical Chemistry , Organic Phtochemistry, Radiation and Non-radiation,
UV-Vis-NIR Spectroscopy, OLED Materials
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Fig. 1: Development of functional materials using the vibronic coupling theory!'-?
1) T. Kato, N. Haruta, T. Sato, “Vibronic Coupling Density —Understanding Molecular Deformations,

Springer”, Singapore (2021).
2) Uejima et al., Chem. Phys. Lett., 80, 602 (2014).
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Control over higher-order structures based on anthracene polymorphic model toward organic
semiconductors (' Graduate School of Engineering, Kochi University of Technology, *School of
Engineering Science, Kochi University of Technology, *FOREST Center, Research Institute,
Kochi University of Technology) O Yuto Hino,' Takumi Matsuo,>* Shotaro Hayashi**

We have developed a new polymorphic model molecule by molecular simulation that
experimentally forms five different luminescent crystal polymorphs (a, f, y, 9, €). The molecule
(1) is an anthracene derivative with thienyl at 1 and 5 positions. They form all crystal
polymorphs in the region where the potential energy between anthracene and thienyl is less
than 5 kJ/mol. Furthermore, homogenous heterojunction crystals were formed by controlling
crystal growth in solution.

Keywords : Crystal polymorphism; Anthracene; Molecular simulation; Solid-state emission,
Organic semiconductor
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Rotatability-Induced Polymorphic Luminogen
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1,5-bis(thien-2-yl)anthracene, 1

1) Rational Control of Packing Arrangements in Organic Semiconducting Materials toward High-
Performance Optoelectronics. J. Guo, C. Shi, Y. Zhen, W. Hu, Acc. Mater. Res. 2024, 5, 907-919.
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Synthesis and Fluorescent Properties of Novel Push-pull Phenazines (‘Graduate School of
Organic Materials Science Yamagata University) OHiroki Sato,' Yuito Abe,' Jun Kumagai,'
Masato Kudo,' Hiroshi Katagiri'

Phenazine is one of the aromatic heterocycles that show great promise for applications in life
and material sciences. We have previously reported sulfonylaniline-based fluorophores
containing amino and sulfonyl groups on a benzene ring'. Here we report the selective one-
step synthesis of novel push-pull type phenazine derivatives using these sulfonylaniline
derivatives as substrates and their photophysical properties.

The reaction of 2,5-BMeS-p-A, 2,6-BMeS-p-A and 2-MeS-p-A with NBS in DMF selectively
afforded the corresponding phenazine derivatives TMSDAP1, TMSDAP2 and BMSDAP,
respectively (Scheme 1). The obtained compounds exhibited high molar absorption coefficients
exceeding 10000 M'cm™ in DMF, and longer wavelength emissions were observed in the order
of TMSDAP2 (red), TMSDAP1 (yellow), and BMSDAP (green) (Table 1). In particular,
TMSDAPI1 exhibited remarkably high molar absorption coefficient and quantum yield. The
crystal structure revealed intramolecular hydrogen bonding between amino and sulfonyl groups,
enhancing the push-pull effect and fluorescence properties.

Keywords : Fluorescent dye; Phenazine; Sulfonylaniline; Push-pull system; Positional isomer
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1) T. Beppu, et al., Angew. Chem. Int. Ed., 2015, 54, 7332—7335.2) S. Kudo, et al., ChemPhysChem,

2019, 20, 1581-1589. 3) T. Mochizuki, et al., Tetrahedron Lett., 2022, 90, 153625.
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Development and Evaluation of Peptide-Based Additives with Different Primary Structures for
Enhanced Mechanical Strength (' Graduate School of Engineering, The University of Tokyo)
(ORuka Ito', Takamasa Sakai', Kousuke Tsuchiya'

The B-sheet structure, found in the crystalline regions of spider silk proteins, is known to
exhibit high strength comparable to steel”. In this study, we focused on this structure and
synthesized polyserines with different primary structures. The self-assembly behavior and
differences in secondary structures were analyzed using atomic force microscopy (AFM) and
infrared spectroscopy (IR). These polyserines were incorporated into poly(vinyl alcohol)
(PVA), and the crystalline morphology and secondary structures formed within the film were
examined through microscopic observation and IR analysis. Furthermore, the influence of these
polyserines on the mechanical properties of the film was evaluated through tensile testing.
Simultaneous wide-angle X-ray diffraction (WAXD) and tensile deformation measurements
were also conducted to investigate the relationship between the mechanical properties of the
film and the formation of B-sheet crystals.

Keywords : Chemoenzymatic polymerization; Peptide; Aggregation; PVA; Polyserine
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Development of Resource-Recirculating Polyrotaxane-Containing Epoxy Resin with High
Durability, Recyclability, and Regeneration Formation for Application to CFRP for Aircraft
(!Grad. Sch. of Front. Sci., The Univ. of Tokyo, 2NIMS) OShota Ando, *? Masaki Hirano,* Eri
Ueno,? Kimiyoshi Naito,? Khozo Ito 12

The application of a polyrotaxane-containing vitrimer to CFRP has been shown to improve
the fracture toughness by a factor of 2.5 and chemical degradability by a factor of 3 compared
to a non-polyrotaxane-containing vitrimer. This achievement is an epoch-making technology
that enables higher performance than conventional CFRP by simply mixing a small amount of
polyrotaxane at the time of prepreg fabrication.

Keywords . Polyrotaxane; CFRP; Aircraft; Epoxy Resin Vitrimer; Transesterification
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1) Silica-like malleable materials from permanent organic networks. D. Montarnal, et al., Science 2011,
334 (6058), 965- 968. 2) Environmentally Friendly Sustainable Thermoset Vitrimer-Containing
Polyrotaxane. S. Ando, et al., ACS Materials Lett. 2023, 5, 12, 3156-3160.
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Correlation between Predicted Conformational Variability and Changes of Infectivity and
Pathogenicity for Avian Influenza Virus H5N1 and Omicron Variants of SARS-CoV-2
(National Institute of Advanced Industrial Science and Technology (AIST)) OHiroshi Izumi

For approval of the revised sequence rule of P-94.2 of the IUPAC Rules for Nomenclature
of Organic Chemistry, a conformational descriptor for proteins had been applied to a deep
neural network-based program for the prediction of conformational variability. Highly
pathogenic avian influenza A H5SN1 virus with bovine and human infections since March 2024
in the U.S. has been reported. The conformational variability for HSN1 and Omicron variants
of SARS-CoV-2 using protein supersecondary structure code (SSSC) derived from properly
selected maximal common substructures was analyzed. The predicted rigid patterns of the furin
cleavage mutation sites correlate well with the changes to higher infectivity and lower
pathogenicity. The accuracy of conformational variability prediction is enough to discuss the
correlation with the phenotypes by mutations.

Keywords : Conformation; Deep Neural Network; Avian Influenza Virus, Hemagglutinin;
IUPAC Nomenclature
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1) H. Izumi, Methods Mol. Biol. 2025, 2870, 63. 2) H. Izumi, H. Aoki, L. A. Nafie, R. K. Dukor, ACS
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The Development of a Materials Exploration Protocol Utilizing Data Science: A Case Study
on the Search for Paraelectric Materials

(‘Murata Manufacturing Co., Ltd.) ONoriaki Ozaki,' Jun Ikeda'

As the usage environment of electronic components becomes more severe, such as high
temperatures and high voltages, the search for new materials with high characteristics becomes
increasingly important. Considering that such materials are rare among synthesizable materials,
it is necessary to utilize existing knowledge for the efficient exploration of material. However,
over-reliance on existing knowledge can limit the exploration to only a small portion of
materials, reducing the likelihood of discovering innovative materials. We believe that the key
to overcoming this dilemma lies in data science, and we have developed a materials exploration
protocol. This protocol divides the exploration process into three stages: wide-area exploration,
narrow-area exploration, and local optimal solution exploration, applying or developing
effective data analysis methods at each stage. This enables efficient material exploration using
existing knowledge while also discovering innovative materials from new perspectives. As a
demonstration of the protocol, the presentation will introduce the search for dielectric materials.
Keywords :  Materials Informatics, Dielectrics, Materials Exploration; Data Science;
Protocol Development

EAR O HEREEAS, EiR. BB CIENC A Do, mERER A RO R
+@Eg 2725 TE TV, BN FREZFFOM B, B L 5 DN L T
ThbdIEEEETDE MEHERORIIT, BEFHFE OIS HALETH 5,
UL, BEfFi ez ERALTEDL, ALY DMEIO I —ELERTE 9, &4
PR EE RO RIABRDNINS L 725 Z LGS D, Fox X, 2 OREFmERIE I
B35 Lo ~2mikd 2817 —2BFCH L LB MEHER T 1 ha &%
Lto;®7ﬁhﬂwfi RO T v 2% NEERR, PIdRR . R e
WD 3ONTT, FEBETH T — 2T FEZEH, £7EFABLTWD, I
_;D\Mﬂ%ﬁ®¢f\%fﬂﬁ®ﬁm L DRI EHRSR & FTRR DRI
LD HFIM B O A WSS 5 2 L NATREIC 2o 7o, BETIE, 7' o
FH L LT, WHAEMEIOWEREBENT 5,

. Wide-area : Material map : Narrow-area : Local optimal solution :
: -Synthesized i Mechanism inspection Design of experiment
° i _ ] = 1. )
® o-{--Not-yet i K i Experiment
: = oo i Struct. DB ey struct i by FFF
5 (o x4 N -
~-Exploration :: &% S : Eungestlpn N
candidates e X y Bayesian opt. ;

Fig. 1. Schematic illustration of the protocol for material exploration.
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DX Platform Construction Using Spray Pyrolysis Deposition

(‘"NAIST, *NAIST DSC, * NAIST CMP) O Hiiro Sugita', Shogo Takasuka', Tomoaki

Takayama'?, Yosuke Harashima'? Mikiya Fujii'**

The rapid advancement of Digital Transformation (DX) necessitates enhanced research and
development efficiency. DX in research is value creation through the synergy of 'Al,' 'Data,’'
and 'Remote/Smart capabilities." While significant progress has been made in individual areas,
an integrated R&D infrastructure has not yet been fully explored. This study introduces a next-
generation research platform combining experimental automation, Electronic Laboratory Note
(ELN), and machine learning, targeting photocatalyst research.

We developed a programmable automation system for titanium oxide thin film fabrication
(Fig.1), incorporating temperature regulation, sample transportation, and spray coating. We
combined the experimental equipment with ELN, which enabled automated data storage and
seamless transfer between the equipment, ELN, and machine learning systems. Furthermore,
utilizing Bayesian optimization, we tried to optimize the experimental conditions with that
efficiency as the objective variable.

This DX platform holds the promise of enhancing efficiency in various research domains
beyond materials development and accelerating innovation in the fields of new materials,
energy systems, and environmental technologies.

Keywords : Research Digital Transformation;, Lab Automation; Electronic Laboratory
Notebook; Materials Informatics, Photocatalyst ™
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Development of Automated Chemical Experiment Recording System for Electronic

Laboratory Notebooks and Application to Organic Chemistry Experiment

(‘School of Advanced Science and Engineering, Waseda University, *Waseda Research
Institute for Science and Engineering, Waseda University) O Hayato Takahashi,' Mikito
Fujinami,2 Kosuke Senda,' Takanori Shibata,! Hiromi Nakai'*

Current chemical experiments are commonly recorded manually, requiring significant
human effort and being at risk of errors. This study attempted to develop a system that
integrates digital sensors to automate the recording of chemical processes in an electronic lab
notebook. The system incorporates an electronic balance, a camera-based image processing,
voice note capture, and note correction using large language models. The performance was
evaluated by recording organic chemistry experiments and compared to manual lab notebooks.
Keywords : Electronic Laboratory Notebook; Digital Transformation; Laboratory Automation

4 B LB FERIL, Ezﬁ%@%%%/~b(mN) CFB TR S, RADTT
71, RFEAL FEOEEMICGRENR H D, P RE G A W ERELER O B B
fbix, Zhooifé ®%&% £V FE 2R EBRIE OSSR SN D,
RIFRTIE, Vo I AR—Rar Ca—2 20 LTEEOE 264 L. Eils
WA ELN ~HEGET DV AT 22 L7, Fig 1 TR LIV AT AIEEND
AR R, REEAITRIETE R L EO OV B RE . A ITIRER B
;Uﬁt/ﬁ%%wtﬁm“%®hayﬁ HOERSy iﬁ%7%%thUT7V~
@ﬁﬁﬁﬁkiUE@MW°%@% T~A 7 2O E RS KRS
IZ X DIRIE, IKEFRTITEN ORI E ORRFFRLEIEEE T N2 a T 5, %*E/ﬂf
THX’T%‘ L7z TFJ ?& I, =7 TLC analysis
VY — A ® ELN T»h 5 Reagent&Weight Touch Display Camera

Electronic L)

LabFTW " (ZFe&k L7, nce
T © ‘ EH -

BROOFEERI A L 72 ks 5= 1 Code Reader

BBFLERO BB, ERI ay, = Q) eLavrrw < \
Flﬂ {ZIS % @ L/ 7:— {m}_‘_ 2 naﬁ & @ ﬂ Audio recording
DAY EE L 7=, TLC 7' L Light Sensor  Thermocouple =

— kD E @Jﬁ?’fﬁ%’i‘éﬂz ‘/‘H’ @ 2E0300 m hygrometer -

TR OFEERDS | FE DR T S

5@@] G:%ﬁﬁ—:‘ L/7LCO gji\ g—é% Reactor Monitoring Temperature & Humidity

EOWERAAENH Y A Fig. 1. Overview of the connection of devices in the
THEEROFLERIZ I T DHKIED  developed recording system.

WEMES R STz,

1) eLabFTW, https://doc.elabftw.net/ (accessed on 2025/01/07).
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Process informatics of calcination of impurity doped SrTiO; photocatalyst incorporating
dynamic Monte Carlo simulation (‘NARA INSTITUTE of SCIENCE and TECHNOLOGY,
’DSC, NARA INSTITUTE of SCIENCE and TECHNOLOGY, *CMP, NARA INSTITUTE of
SCIENCE and TECHNOLOGY, “Kobe University) (O Masatake Mizukami', Yosuke
Harashima'?, Tomoaki Takayamal’z, Shogo Takasuka', Seiichiro Ten-no!, Kazutaka

Nishiguchi’, Mikiya Fujii'*?

Photocatalysts use solar energy to split water and produce hydrogen as an energy source that
does not emit CO,. Therefore, the photocatalytic materials are attracting attention as we move
towards a decarbonized society. It is empirically known that the catalytic activity of
photocatalysts changes depending on the amount of oxygen vacancies and the amount of
impurity replacement that occur during calcination. Optimizing the calcination conditions that
give the highest catalytic activity requires a lot of experimental effort, which makes it difficult
to find the optimal condition. In this study, using SrTiO; as a specific example, we calculated
the amount of oxygen vacancies and the amount of Mg impurity for different calcination
temperatures by using dynamic Monte Carlo simulation, and constructed a predictive model

by combining with a linear regression model to predict the photocatalytic activities.

Keywords: Photocatalysts; SrTiOs; Dynamic Monte Carlo
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1) FHEHA, Vol.64, No.10, pp.531-536, (2013).
2) A.Chatterjee, D.G. Vlachos; Computer-Aided Mater. Des., 14, 253 (2007)
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Predicting the miscibility between polymers and solvents and its application in industry
(‘Mitsubishi Chemical Corporation, *The Institute of Statistical Mathematics) O Kazuya
Shiratori!, Stephen Wu?, Yoshihiro Hayashi?>, Hiroki Sugisawa', Tadamichi Okubo!, Ryo
Yoshida?

The miscibility between polymers and solvents is a critical property in applications such as
plastic recycling, polymer synthesis, purification, and coating. Therefore, its prediction is
valuable for industrial applications. We have developed a machine learning model to predict
the Flory-Huggins y parameter, which describes the miscibility between polymers and
solvents. The challenge is the insufficient and biased experimental data. We successfully built
a model applicable to a wide range of structures by training both the experimental data and
simulated data simultaneously through multitask learning. Additionally, we confirmed a scaling
law indicating that the prediction accuracy of experimental values improves as the amount of
simulation data increases.

The developed method is not only useful for predicting miscibility, but also has the potential
to be a solution to the small data problem that poses a challenge in materials informatics.

Keywords : miscibility; Flory-Huggins; multitask learning; polymer; solvent
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1) Multitask Machine Learning to Predict Polymer—Solvent Miscibility Using Flory—Huggins Interaction
Parameters, Y. Aoki, S. Wu, T. Tsurimoto, Y. Hayashi, S. Minami, T. Okubo, K. Shiratori, and R. Yoshida,
Macromolecules 2023, 56, 5446. J. Org. Chem. 2010, 75, 7644.

2) Scaling Law of Sim2Real Transfer Learning in Expanding Computational Materials Databases for
Real-World Predictions, S. Minami, Y. Hayashi, S. Wu, K. Fukumizu, H. Sugisawa, M Ishii, [. Kuwajima,
K. Shiratori, and R. Yoshida, arXiv:2408.04042

3) Sample code and dataset are available: https://github.com/yoshida-lab/MTL_ChiParameter
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Automatic Construction of a Material Database for Data-Driven Materials Design Using
Generative Al ('Hitachi. Ltd.) OShotaro Agatsuma,' Masafumi Tsuyuki'

Data-driven materials design relies on large-scale materials databases (DBs). Extracted
experimental procedures from patents and papers, structured as graph-like data (experimental
recipes), are valuable for predicting material properties. For constructing a DB of experimental
recipes, it's best to use a flexible method that adapts to varying procedures based on the
materials. This study proposes a method to automatically construct a DB by inputting literature
and data structures into generative Al (GPT-40) to extract experimental recipes (Fig. 1). To
determine the optimal input format for the Al, we tested three formats: (D natural language,
@ bullet points, and 3 JSON. We extracted recipes with five node types and four edge types
from five patents each. Comparing F1 scores with the correct data (Fig. 2), format (3 (JSON)
proved most effective, suggesting it as the preferred input format.

Keywords : Materials Informatics, Data-driven Materials Design; Large Language Model;

7 — & BREVR OFFEIBAFRE 1T, KRB 2T — % _X—Z (DB) NLETH D, FF
2, FRFROmM S B L7 EBRFIE A S L= 7 7 7RoT7—4% (LT, FEBRL
) 1E. WHEETRZR EICER DT, = —XREN, EBRL T EICET 5 DB SR
(21X, EBRTFIEXBAR AR OMENIG U TR D720, T 57 — % O % ik
WCEZ N FEZBMAT L ONEE LV, £ 2T, KAWL ClX, CHkEH T &
T — X OFEE A A AT(GPT-40)lIC A L TEBR L > B &2 &, DB & H 854
5 FEARET 5 (Fig. 1 B2), AWE T, £k ALICATT 557 =2 EE0OR %
R B~ DHKRL., OFS%EE, QISON EXD 3 SO % A, HiFs5 4o
FERif 6, SHEO ) — RE4fEOT v VR FOFERL YA LZ, £33
—NZOWT O FlEA EfiET —% L Olglc L0 B U7 R(Fig2 2R), @O
HEL, AT —2ERIZON Y TH D RiABR & 5T,

Text  Scheme Scheme (example) Result

The material, Precition Recall F1
1 } Scheme Pattern @: process:-- could be Node  0.90 0.78 0.84
Data Extractor Sentence nodes in the graph Edge 099 072 083
(GPT""'O)  [Node: Precition Recall  F1
E - tal Reci ichemetrPattern @: -Process: experimental| Node  0.94 0.56 0.70
xperimental Recipe emization process --- Edge  0.50 FEF GER
Material Mixed—Productl e —
Scheme Pattern @: o { Precition Recall F1
Material JSON ‘ 0.98 0.77  0.86
Recipe DBJ (g nction Calling) _ 0.98  0.83  0.90
Fig. 1 Overview Fig. 2 Data Extraction Result

1) GyoungS. Na., “Artificial Intelligence for Learning Material Synthesis Processes of Thermoelectric
Materials,” Chemistry of Materials 2023 35 (19), pp.8272-8280.
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Development of Photo-Crosslinked Gelatin Cell Scaffolds by Electrospinning

('School of Engineering, University of Fukui)(ONaoya Hashimoto', Satoshi Fujita', Hiroki
Miyajima!

Hydrogels function as cell scaffolds, supporting cell adhesion, proliferation, and differentiation
for applications in regenerative medicine. Gelatin methacrylate (GelMA), a gelatin derivative,
exhibits high biocompatibility and cell adhesion. Combined with a photoinitiator, GelMA has
been widely studied as a photo-crosslinked cell scaffold for bioprinting. In this study, GeIMA
hydrogel fibers were fabricated by electrospinning to create fibrous scaffolds that mimic
oriented tissue in vivo. GeIMA was mixed with polyethylene oxide (PEO) (molecular weight
(MW): 400,000, 600,000, or 1,000,000) and LAP photoinitiator to prepare 20%w/v GelMA, 1-
3%w/v PEO, 0.5%w/v LAP hydrogel precursor solution. The solutions were electrospun at
flow rates of 0.5, 0.7, and 0.9 mL/h on a rotating collector (100 rpm) for 1 h. Electrospun fibers
were gelled after UV irradiation at 365 nm for 3 min and washed to remove PEO and LAP.
Scanning electron microscopy (SEM) showed that the finest fiber was obtained from hydrogel
precursor containing 3%w/v PEO (MW: 1,000,000). From polarizing microscopy, polarization
of PEO disappeared after gelation and washing, suggesting that PEO-free GelMA hydrogel
fibers were fabricated.

Keywords : Hydrogel; Electrospinning; Cell scaffold

FEE] A FaZovid, Mlaoss O - b 2 (e 3 2 e & L e
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MR AFFEE AT D 2, ARHFSE TIXAMARPN O B [ RERk 2 455 U 7= 0 70 Al e 2 5
EWEET D0, BRER (L7 brAE=27) HEIZE 5T GelMA N Ru 4
T 7 AN—OIER L | RHER R 25 OB 2 B L7z,

[FIE] &Rk L7z GelMA 1T, #itEf Eo7=dDRY) =F Lo 4% K (PEO, 5+
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0.5%w/v LAP /~A R a7 VHTBEEEIK 2 8 LTz, A Re ZVRiBE R Z =LV 7 b e
AV =2 ZHEEIC X o THEE 0.5, 0.7, 0.9 mL/h, [BI#EEEFE 100 rpm OlEl#iza L7 & |
I 1h#55% Liz, B DAL= #kHEA 3 min O 365 nm 89BN T L LT, KTD
YEif2 LW PEO & LAP Z#HLV RE . GelMA OHDNA R F)v 7 7 A X —& 15T,
BoNT=T 7 A N —ZRICEESIR K O 7 IAMEE (SEM) |2 TR - il 217 - 7=,
FEREBE] A FoZLRiERATRIZI T PEO 4518 100 75, T 3w/iv% D5l
D B ENTBRIEZ R U, BRERIC X DD TE R 2 fesd Uiz, fROCERMEEEI22
TiX, #RIEZICIE PEO ICHRT 2REN A iy, 7l - i IRt o
HREZMHR LTz, Lo T, BOA#EN D PEO 23RE S, GelMA DA 6
RBHNNA R T T 7 A N—OREEEDN R I NT,

1) H. Miyajima, et al., ACS Biomater. Sci. Eng. 2024, 10, 762-772.
2) J.W. Nichol, et al., Biomaterials 2010, 31, 5536-5544.
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Paper-based analytical devices for semi-quantitative analysis of collagenase in saliva ('Keio
University) OHiroki Kawakami,' Satoko Takeuchi,' Yuki Hiruta,'! Daniel Citterio'

Periodontitis affects around 10% of the world's population, and severe periodontitis is a
potentially tooth-losing disease. On the other hand, early stages of periodontitis are usually
asymptomatic, so a simple and inexpensive test kit is needed. Current test kits for periodontitis
utilize antigen-antibody reactions, which pose stability and price challenges. In this study, an
enzyme-substrate reaction was used instead of antibodies for colorimetric detection of
collagenase, a biomarker for periodontitis, on paper substrates. Collagen, the substrate of
collagenase, is bound to a negatively charged blue dye, Remazol brilliant blue R (RBBR), and
stored on paper. The colorimetric detection of collagenase was achieved by the cleavage of
collagen in the presence of collagenase, resulting in the release of RBBR and its electrostatic
capture by polyallylamine hydrochloride (PAH), a cationic polymer, in the detection layer.
Keywords : uPAD; Periodontal disease,; Collagenase; Colorimetric detection
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(1) Luchian, I. et al., Int. J. Mol. Sci. 2022, 23 (3), 1806.
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Separation of sugar-containing compounds using chromatography supports immobilized with
benzoxaboroles ('Graduate School of Engineering, Kanazawa Institute of Technology,

2Department of Applied Chemistry, Kanazawa Institute of Technology) ORyoga Tsuchiya,!
Shin Ono!, Yuya Nishimura?, Kazuki Akanaga®, Haruki Oketani?, Yusuke Shima?

Benzoxaborole (Bob) has the property of selectively binding to molecules with a cis-diol
structure at neutral pH, and its sugar-binding property has attracted much attention. In order to
construct a system to recognize and separate glycan chains of glycoproteins and glycopeptides,
5-amino-2-(hydroxymethyl)phenylboronic acid cyclic monoester (Bob-NH,) was immobilized
on Sepharose gel, Toyopearl gel, and aminopropyl silica gel to prepare Bob-Seph-gel, Bob-
Toyo-gel, and Bob-APSilica-gel, respectively. To evaluate the diol recognition ability of these
Bob-immobilized gels, the elution behavior of adenosine (Ad) and deoxyadenosine (dAd) was
examined. Ad could be separated from dAd by using Bob-Seph-gel and Bob-Toyo-gel.

Keywords : Benzoxaborole; Glycan recognition; Separation;, Chromatography

Ry ¥4 R —/L (Bob) X, T pH TV R-V 3 —/MTEBRIICHE ST 5 Kt
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FNEHT A (SmmLD.X50mm) [ZFEEL, BFEO p-= v 7 = = VEEEEOREAN
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OH

Bob-NH:

1) Recent Developments in the Chemistry and Biological Applications of Benzoxaboroles. A.
Adamczyk-Wozniak, K. M. Borys, A. Sporzynski, Chem. Rev. 2015, 115, 5224-5247.
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Sensitive bioluminescence imaging using a bright synthetic bioluminescent substrate AkaSuke
(‘Japan Women's University, “Tokyo University of Pharmacy & Life Sciences, *RIKEN,
‘University of Miyazaki, *Jichi Medical University, *The University of Electro-Communications,
’Keio University) oRyohei Saito-Moriya'?, Satoshi Iwano™*, Takahiro Kuchimaru’, Nobuo
Kitada®, Norihisa Yamasaki®, Genta Kamiya®, Rika Obata’, Takashi Hirano®, Hiroshi Aoyama?,
Shojiro A. Maki®

Firefly bioluminescence reaction has applied for optical imaging in the fundamental research
field of life science. The firefly luciferase (enzyme) catalyzes oxidation of D-luciferin
(substrate) and produce yellow-green light (560 nm). To date, various luciferin analogues have
been reported, which produce light from visible to near-infrared (NIR) light. In particular, since
near-infrared light have higher permeability to living tissues than visible lights, luciferin
analogues that produce near-infrared light are useful for optical imaging.

On the other hand, few luciferin analogues with higher luminescence intensity than that of
D-luciferin have been reported. Here, we present a heterocyclic luciferin analogue, named
AkaSuke, that produces intense NIR bioluminescence in reaction with firefly luciferase (wild
type), greatly improving the detection sensitivity beyond that of D-luciferin the reaction for
targeting deep tissue. Additionally, we report its luminescence property under conditions in test
tube, cell and mouse.

Keywords - Near-infrared bioluminescence, Firefly luciferin analogues, Deep-tissue imaging,
Dual imaging
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Design of Senolytic Polymers Towards Senescent Cell Removal by DPP IV Inhibition and Gel
Film Formation on Cell Membranes (' Graduate School of Engineering, Osaka University)
OKenta Homma,' Riko Akehi,' Michiya Matsusaki'

Cellular senescence affects diverse ranges of physiological processes. Especially, senescent
cells accumulated in aged organisms induce aging-related diseases such as cancer”. Removal
of accumulated senescent cells is expected to contribute to the extension of a healthy life span.
We hypothesized that senescent cell death could be induced” by segregating senescent cells
from the microenvironment through selective gelation on the senescent cell-membrane (Fig. 1).
To this aim, we synthesized multi-arm poly(ethylene glycol) conjugated with alogliptin (an
inhibitor of dipeptidyl peptidase-4 overexpressed on senescent cell surface”) and click reactive
groups. The synthesis and characterization of these senolytic polymers will be reported.
Keywords : Senescence; Dipeptidyl peptidase-4, Senolytics;, Hydrogel
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Fig. 1 (a) The Chemical structure of the senolytic polymer and (b) the conceptual illustration
of thin-film formation on the senescent cell surface.

1) M. Borghesan et al., Trends Cell Biol. 2020, 30, 777. 2) K. Ono et al., Biomater. Sci. 2020,
8,577.3) K. M. Kim et al., Genes Dev. 2017, 31, 1529.
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Promotion of oxidative protein folding under crowded environment by micelle bearing
disulfide groups aiming to enhance productivity of biopharmaceuticals (' Graduate School of
Engineering, Tokyo University of Agriculture and Technology, *Institute of Advanced Medical
Sciences, Tokushima University, *Frontier Research Institute for Interdisciplinary Sciences,
Tohoku University, *Kanagawa Institute of Industrial Science and Technology)

(OMai Kitamura,' Tomohide Saio?, Masaki Okumura®, Takahiro Muraoka'**

Aggregation of recombinant proteins during their production is a major challenge in
biotechnological processes. In previous studies, synthetic catalysts that promote the formation
of native disulfide (SS) bonds in target recombinant proteins have been developed as protein
folding promotors in vitro. However, the usage of these catalysts has been limited in dilute
protein conditions. Here, we developed a lipid bearing an SS group that forms micelles. The
micelles promoted oxidative protein folding even at high protein concentrations. Detailed
interactions between the synthetic lipid and an unfolded protein were investigated by
spectroscopic measurements to elucidate the mechanisms of protein folding promotion.
Keywords : Promotors of oxidative protein folding,; Environment of high protein concentration;
Suppression of protein aggregation; Disulfide bonds
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Paper-Based Analytical Device for Semi-Quantitative Detection of Chloride and Glucose
Using Barcode as Readout Approach ('Keio University) O Shuma Kinugasa,! Yanawut
Manmana,' Yuki Hiruta,! Daniel Citterio'

Paper-based analytical devices have attracted attention for their simple fabrication and low cost,
and they have been studied extensively. However, conventional devices have the disadvantage
of subjective differences in signal readings. To solve this problem, this study proposes a user-
independent signal readout method by introducing barcode technology to paper-based
analytical devices, and semi-quantitative detection of chloride and glucose was successfully
achieved.! The detection of chloride relies on the orange to white color change caused by the
precipitation reaction between chloride and silver chromate. For glucose detection, the
colorless to brown color change of 3,3'-diaminobenzidine (DAB) in the presence of horseradish
peroxidase (HRP) and glucose oxidase (GOx) was made use of. Both reactions were converted
into barcode signals. As a result, semi-quantitative detection of each target was achieved.
Keywords : Barcode; Microfluidic devices, Paper-based analytical devices (PAD); diabetes;
Point-of-care testing (POCT)
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1) Manmana, Y., Kinugasa, S.; Hiruta, Y.; Citterio, D. Anal Chem. 2025,
https://doi.org/10.1021/acs.analchem.4c04113
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Development of Smart Plastic Materials Using Original Epoxide Linking Reaction: A Bridging

Surface Modification Offers Protein A-Mimetic Affinity for Antibody
(JSR Corporation) OTakanori Kishida

Recently, in collaboration with Dr. Sugiyasu’s research group, we found that two epoxides
can be efficiently liked using potassium thioacetate in water even at their imbalanced
stoichiometric ratios. " In my effort to develop functional materials using this original reaction,
a thioether-bridging surface modification of polymeric materials was identified as a new
approach for mimicking protein A affinity for immunoglobulin G (IgG). ? As low-cost
alternatives to protein A created with the simple surface modification technology, the materials
are expected to be used in widespread bio-applications such as antibody purification and
diagnostic biosensors. This presentation will show the precise IgG recognition performance of
the modified polymeric microspheres, acting as a protein A and a relationship between the
modified chemical structure and the performance.

Keywords : smart plastics; surface modification, bridging; IgG affinity, protein-A-mimetic
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1) T. Kishida, T. Shimada, K. Sugiyasu, Chem. Commun. 2022, 58, 1108.
2) T. Kishida, Adv. Mater. Interfaces, 2024, 11,2301028.
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Design of Stimuli-Responsive Polymers That Recognize Denatured Proteins and Their
Responsive Behavior (' Faculty of Chemistry, Materials and Bioengineering, Kansai University,
2ORDIST, Kansai University) O Yuto Murashima,' Akifumi Kawamura,'* Takashi Miyata'*

Proteins exhibit various unique functions owing to their ordered tree-dimensional structure
with specific conformations. When proteins undergo conformational changes by heat or pH
change, they are denatured to lose their original function and their aggregates sometimes cause
diseases. Therefore, the development of materials for detecting protein denaturation is
necessary for diagnosis and treatment of these diseases. In this study, we synthesized
temperature-responsive polymers with cyclodextrins (CDs) as protein binding sites, which
have a lower critical solution temperature (LCST), by the copolymerization of acryloyl-CD, N-
isopropylacrylamide and oligo(ethyleneglycol) methacrylate. The transmittance of the aqueous
polymer solution remained constant at approximately 100% over the entire temperature range,
but the polymer exhibited a cloud point in the presence of protein. Furthermore, when a protein
denatured by annealing at 90 °C was added to the polymer solution, the cloud point shifted to
a low temperature with increasing annealing time for preparing denatured proteins. The CD-
containing polymers have potentials in sensing and separating denatured proteins.

Keywords : Temperature-responsive Polymer; Molecular Recognition; Lower Critical Solution
Temperature; Cyclodextrin, Denatured protein
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Development of the optical phantom made of chitosan and glucomannan in a bilayer film
(1. Tokyo Denki Univ.) OJunta Hasegawa,' Jun Miyazaki'

Optical phantoms, which are suitable for research aims, can be prepared by changing the
concentrations of scatterers and absorbers in substrate. The chitosan (CS) and konjac
glucomannan (KGM) known as biological molecules have film-forming properties but have
some drawbacks for using monolayer films. In this study, optical phantoms made of CS and
KGM in a bilayer were developed for investigating the photochemical reactions in human skin
tissue. The prepared bilayer film was more transparent and stable than the KGM monolayer. In
the UV-Vis spectra of 7-dehydrocholesterol, 7-DHC, in bilayer phantoms, the clear peaks of 7-
DHC dispersed in KGM than in CS layer were observed. The bilayer films including absorber
(bovine hemoglobin: Hb) and scatterer (Intralipos: In) were also prepared. The properties for
CS/KGM optical phantom were discussed.

Keywords : Optical Phantom; Bilayer Film; Photochemistry; Chitosan, Konjac Glucomannan
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1) B. W. Pogue. M. S. Patterson, J. Biomed. Opt., 11, 041102, (2006)
2) Y. Chen. et al., Int. J. Biol. Macromol., 257, 128660, (2024)
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Regulation of cells using photo-responsive polymer films with changeable surface properties
(Faculty of Chemistry, Materials and Bioengineering, Kansai University, *ORDIST, Kansai
University) OJun Komuratani,' Akifumi Kawamura,'? Takashi Miyata'-

Cells recognize the properties of extracellular environments and change their behavior such
as adhesion, extension, and differentiation. In recent years, mechanobiology, which focuses on
the effect of the mechanical properties of the extracellular environment on the cell behavior,
has attracted attention toward biological and biomedical applications. Therefore, regulating the
surface physical properties of cell culture substrate by external stimuli enables spatiotemporal
control of cell behavior. In this study, photo-responsive polymer films with changeable surface
elasticity and surface topography were prepared by using copolymers of 2-cinnamoyloxethyl
methacrylate, which undergo photodimerization upon UV exposure, and poly(dimethly
siloxane) macromonomer with large free volume. Fig. 1 shows phase contrast microscopy
images of mouse fibroblasts (L929) cultured on the film after UV exposure through a
photomask. The cells preferentially adhered to the unexposed regions. On the other hand, the
chemical properties of the film surface were hardly changed by UV exposure. Therefore, cells
recognize the difference in surface elasticity between exposed and unexposed regions and
change their adhesive behavior.

Keywords : Photo-Responsive  Polymer;  Photodimerization; Surface Patterning;
Poly(dimethylsiloxane),; Cell culture

RN W CRIBIT RO RO E 2585 L, #255, HEB IOV birE o8 %
FbsH D, T, Ml E D EREE O S I KM O s (b 25 Bh A2 Hl i 95 A /3
AA =N E B SN TWD, 2T, SRERFIIL iof#ﬁﬂ@ﬁ%%ﬁ@% et =N N}
b HZENTENIT, FFZEIC IR 2 B A4 HiliH 35 Z LD ATRRIC D B 2 bivd,
AWFFETI, X BALGE RS 2-2 0 FEBANAF LT L AZ YL — R e B HIRFED
KRERRIDAF )L~ rat /) ~—OIEESIRE VT, SRR 20 5 s
RBEIOEREBIREZN CTELNISEVER )~ —T7 OV L a8 T-, Fig. 1 1213, #1Ik
DT F b~ A7 210U TERRE L7215 D7 /L A B~ AFRMEERIIN (L929) 2 #E Fl L 72 5
DN A ZE TR BE G 2R LTz, KD, FRI IR IR S AL B SIS BES 9D 280 b
Do — 7, #k& IRdR AT O '
B OERIFIC LTIV bFE
m DL R EITIZEAEE
fEL72NWZ e BN e ST,
LT3, NI B AT & :
RIS AL OBPEFDERE m ; - 100um

L, A SEBHEZILSED Fig. 1. Phase contrast microscopy image of L929 on the micropatterned

LEZLND film after UV (280 nm) exposure for 60 min through a photomask.
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Investigation of molecular candidates for achieving hyperpolarized MRI via in vivo photo-
CIDNP ('Grad. Sch. Eng., Kyushu Univ. * *Grad. Sch. Sci., The Univ. of Tokyo * *CREST, JST *
‘Grad. Sch. Med., Gifu Univ) O Yuta Sawada', Koki Nishimura® ?>, Shoya Shiromizu*,
Fuminori Hyodo* *, Nobuhiro Yanai**

Magnetic Resonance Imaging (MRI) still have a problem about low sensitivity despite its
importance for medical diagnoses. In this context, we focus on Photo Chemically Induced
Dynamic Nuclear Polarization (Photo-CIDNP). This technique achieves hyperpolarization
based on a nuclear spin-selective photochemical reaction between a dye (D) and a Quencher
(Q). It operates without the need for microwaves, offering superior biocompatibility. However,
representative dyes for Photo-CIDNP absorb light in the blue to green spectral region. For in
vivo MRI application, it is necessary to develop Photo-CIDNP active dyes that absorb in the
near-infrared (NIR) region, known as “biological window”. In this study, we focus on the
development of NIR dyes for Photo-CIDNP and further attempt to probe reaction occurring
within living organisms.

Keywords : Photo-CIDNP; Electron transfer; Magnetic Resonance; Radical Pair; Spin Chemistry
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1) J. Bernarding, J., Bruns, C., Prediger, 1., Miitzel, M. and  Fig.2. Enhanced '’F NMR
Plaumann, M., Sci Rep., 2024, 14, 1527
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Two-Step Condensation of Biomacromolecules by Using Liquid-Liquid Phase Separation
Droplet ('Tokyo Univ. Agri. and Tech., *KISTEC) (ORyusho Katsumata,' Genki Higuchi,'
Noriyuki Uchida,' Takahiro Muraoka':?

Aqueous two-phase separation (ATPS) is the separation of two aqueous solutions
of different concentrations. A typical example is a system consisting of polyethylene
glycol (PEG) and dextran (DEX). In this system, biopolymers are concentrated in the
DEX phase, making it a promising material for detecting trace amounts of nucleic
acids and proteins in biological samples. There have been reports of successful use
of this system to improve detection sensitivity. However, there have been no reports
of multi-stage concentration of biopolymers, which would enable even more sensitive
detection. In this study, we succeeded in synthesizing a water-soluble block polymer
that forms an ATPS with DEX. Because biopolymers are concentrated from the DEX
phase to the block polymer phase, high concentration efficiency can be achieved by
combining this with PEG/DEX-based concentration. In a demonstration of nucleic
acid detection using two-step enrichment, we showed improved detection sensitivity
compared to one-step enrichment.

Keywords : Liquid—Liquid Phase Separation; Droplet; Block Polymer;, Nucleic Acid;
Polyethylene Glycol
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Development of composite materials of self-assembling peptides and proteins

(‘Graduate School of Engineering, Tokyo University of Agriculture and Technology,
’Kanagawa Institute of Industrial Science and Technology) O Eito Morii,' Kazuyoshi
Muranishi,' Takahiro Muraoka'?

Conventional cell cryopreservation media have problems such as contamination of frozen
cells with pathogens by serum and unintended cell differentiation induced chemical ice-
inhibition molecules. Additionally, the cryopreservation of three-dimensional(3D) biological
models, such as organs and organoids, requires scaffold materials capable of maintaining
cells in a 3D structure. To address these issues, this study aimed to develop a serum-free
cryopreservation medium using a hydrogel based on self-assembling peptides with excellent
biocompatibility and mechanical strength. We devised a cell cryopreservation gel that
incorporating sericin protein, a known cell cryoprotective agent, into Self-assembling
peptides gel, which is composed of amphiphilic peptides. However, self-assembling peptides
gels showed precipitation issues in protein containing media. To overcome this limitation,
we designed a novel supramolecular gelling peptide, by optimizing the arrangement of the
hydrophilic moiety. This peptide forms a stable hydrogel in the presence of sericin protein.
The physical properties of the composite material comprising the hydrogel and sericin protein
were evaluated. Storage modulus measurements confirmed that the material possesses
sufficient mechanical strength to support cells. The hydrogel developed in this study is a
promising candidate for cell cryopreservation, offering a novel solution through its ability to
gel upon complexation with sericin protein.

Keywords: Peptide,; Self-assembling peptides, Protein, Biomaterial; Composite material
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Analysis of Intraocular Behavior of Nano Eye-drops by
Fluorescent Nanoprobes based on FRET

(Mnstitute of Multidisciplinary Research for Advanced Materials, Tohoku University
*Graduate School of Medicine, Tohoku University) OKunikazu Ishii,! Yoshitaka Koseki,!
Kota Sato,? Toru Nakazawa,? Hitoshi Kasai'

Keywords: Nanoparticles; Fluorescence Resonance Energy Transfer (FRET);
Pharmacokinetics

Although typical eye-drops are a convenient treatment method for ocular diseases, they
have the disadvantage of low intraocular penetration. To solve this problem, nano eye-drops,
which are eye-drops with enhanced intraocular penetration by making nanoparticles (NPs)
of the drug, have been attracting attention.!'! However, the pharmacokinetics of nano
eye-drops are still unknown.

In this study, we aimed to analyze the intraocular penetration pathway of NPs, track
the dissolution of them, and investigate the effect of particle size. We focused on
fluorescence resonance energy transfer (FRET), which is available to track the dissolution
behavior of NPs.’! We selected the 3-boryl-2,2’-bithiophene-based compounds (BBTP)
because of their high fluorescence quantum yields of over 60% both in solution and in the
solid state.” NPs of a 9 : 1 mixture of MES-BBTP and TPA-BBTP (Fig. 1) were fabricated
by the reprecipitation method™ and emitted fluorescence at a different wavelength than in
solution by FRET. Furthermore, it was discovered that the particle size of FRET NPs can be
controlled by changing the ratio of deionized water and THF used as the poor solvent in the
reprecipitation method. (Fig. 2, 3).
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Fig. 1 Structures of MES-BBTP and TPA-BBTP
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Fig. 2 Conditions for fabricating FRET NPs distribution diagrams of FRET NPs.

[1] A. L. Onugwu et al., J. Controlled Release 2023, 354, 465-488. [2] Y. Ikuta et al., Sci. Rep. 2017 7, 44229.
[3] F. Taemaitree et al., Nanoscale 2020, 12, 16710-16715. [4] A. Wakamiya, K. Mori, S. Yamaguchi, Angew.
Chem. Int. Ed. 2007, 46, 4273—4276. [5] H. Kasai et al., Jpn. J. Appl. Phys. 1992, 31, L1132.
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Development of hypoxia-activated anticancer prodrug
nanoparticles

(Mnstitute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku
University) ONagaki Sugeno,' Riido Kagaya,' Yoshitaka Koseki,' Hitoshi Kasai'
Keywords: Drug Delivery System; Nanoparticles; Prodrug; Hypoxia

To reduce the side effects of cancer treatment, drug delivery system (DDS) which is a
strategy for delivering drugs selectively to cancer has been proposed. Our group reported
that carrier-free prodrug nanoparticles can be fabricated by reprecipitation method, and
these nanoparticles have the potential to accumulate selectively into tumor tissues due to the
enhanced permeability and retention (EPR) effect.! However, because most prodrugs is
casily activated by factors that are abundant in the body, these nanoparticles may cause
non-selective drug release in blood vessels or normal cells.?

Given this background, we aimed to develop the prodrug nanoparticles that are
activated only in tumor-specific environments. It is known that hypoxia is a common
feature of solid tumors and causes overexpression of reduction enzymes such as
nitroreductase (NTR). In this study, we designed NTR-triggered prodrug of SN-38, an
anticancer drug and fabricated the nanoparticles by reprecipitation method. Furthermore, we
evaluated the drug release kinetics using chemical reduction and cytostatic activity in vitro.
The results supported that the prodrug is activated through reduction of nitro group.

NTR-triggered substance
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1) H. Kasai, T. Murakami, et al., Angew. Chem. Int. Ed. 2012, 51, 10315-10318. 2) Y. Koseki, Y.
Ikuta, et al., Bull. Chem. Soc. Jpn. 2019, 92, 1305-1313.
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Continuous flow synthesis by microscale CSTR® / Two-phase oxidation using nor-AZADO
(‘Rigakukobo, LLC, *MAK Engineering Corp.) O Nobuyuki Nakayama,' Isao Kotani,
Kentaro Kotani®

As an example of continuous flow synthesis using the microscale CSTR", one of the flow
reactors, we report on an organic-water two-phase oxidation reaction (oxidation of secondary
alcohols to ketones) using nor-AZADO (an organic nitroxyl radical), which gave good results.
Since it has been difficult to achieve a continuous flow of this type of two-phase oxidation
reaction, we hope that this will set a good precedent. In this reaction system, there were two
problems in the transition from batch to flow: (1) how to properly maintain the state (balance)
of the organic-water two-phase system from injection into the reactor to withdrawal, and (2)
how to appropriately select the method of injecting raw materials into the reactor. We solved
(1) by making the specific gravity of the organic phase the same as that of the aqueous phase
(by adding XHF to MTHP), and (2) by using a three-component injection system (two organic
solutions and one aqueous solution).
Keywords :continuous flow synthesis, flow reactor, continuous stirred tank reactor/CSTR; nor-
AZADO; oxidation reaction
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The effect of organic molecule added during the hydrothermal treatment of crystalline porous
aluminosilicate ('Shizuoka University, *Japan Synchrotron Radiation Research Institute) O
Kotori Matsuo,' Issei Yoshioka,! Hiroki Yamada,” ChangYi Kong,' Takahiko Moteki!

Inorganic porous materials are industrially important due to their high surface area and
thermochemical stability. Especially, zeolites, which are crystalline porous aluminosilicates,
has more than 250 types of porous crystalline frameworks. The unique structural and chemical
properties of zeolites make them widely utilized in industrial applications as absorbents and
catalysts. The use of structure-directing agent, a unique reagent added into a synthesis gel, is a
key to the selective synthesis of zeolite.

In this study, we focused on a zeolite EMC-2, synthesized using 18-crown-6 ether as an
organic structure-directing agent.!> Investigation of its crystallization behavior revealed that
EMC-2 requires a relatively long induction period before nucleation and subsequent
crystallization. Based on this finding, we developed a two-step synthesis method involving pre-
heating without an organic-structure directing agent, followed by the addition of the organic
structure-directing agent partway through the hydrothermal treatment. In the conventional
synthesis of zeolite, structure-directing agent is typically included in the precursor gel prior to
the hydrothermal treatment. By using our two-step method, we successfully shortened the long
heating period required for the crystallization of EMC-2.

Keywords : Zeolite; Organic structure-directing agent; EMC-2; Crystallization,; Nucleation

RS2 FLMER BT, Z O @ W LRI & VL2 EMEN D THEMICEE T 5,
BRZ, fERMEZILET VR 2 U r— N ThHDHEA T A Mk, 250 FRELL s
HFLAEERN I BN TR Y | ZORMEZ R UZWEM-eo T M & L RS FIH &
NTW5, BROBICIE. BEREH LMEEN DR 2z 5 2 & THRE O FLEE
RIS,

AWFFETlE, 18-crown—6 ether Z# HIEERERE L CAERINDIEAT A b,
EMC-2 12 H L7z, Wbz A2 a7 2 C, s ERICESLETOT LI )
VU = NV OEREEB N IEF IR N XD Y | Z RS EEENCR L CRE
NS 21T o7, FexlE. 7212 18—crown—6 ether OEHHRM & V9 FHEZ A
7o BH . BA T A FPARICBW CUEERTEANTFERNCH L LORA SN TV 5,
ARFETIE, HBEHERZ G FRWIEEZ V28 L  INEWHIZ 18-crown—6 ether
ZIRPIISINT 5 Z & T ek b £ TORIRIAE > 72 ENC-2 DA Rk B #8 % B AE I 2 kT
L7,

1) A.Nearchou, et al., Microporous Mesoporous Mater., 2018, 255, 261.
2) F. Delprato, et al., Zeolites, 1990, 10, 546.
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Carbon nanotube growth by nanocatalysts in situ formed from sub-nano metal seed particles
(‘Lab. for Chemistry and Life Science, Science Tokyo, *Inst. of Industrial Science, The Univ. of
Tokyo, 3Grad. Sch. of Engineering, The Univ. of Tokyo, *JST-PRESTO, °Grad. Sch. of
Engineering, Osaka Univ.) O Tatsuya Moriai,! Takamasa Tsukamoto,>** Takane Imaoka,'
Tetsuya Kambe,® Kimihisa Yamamoto!

Carbon nanotubes (CNTs) are useful nanomaterials owing to their distinct functions
depending on their structure and diameter. Although catalytic chemical vapor deposition
(CCVD) using metal nanocatalysts has been an effective technique for large-scale synthesis of
CNTs with a controlled diameter, it has been difficult to control the diameter of nanocatalysts
in a sub-nano level. In this work, we developed a method in which CNTs grew through the in
situ preparation of nanocatalysts using sub-nano seed particles prepared by the template method
using the original macromolecule?. As a result, it was succeeded to finely control the diameters
of formed nanocatalysts and grown CNTs depending on the reaction temperature and time.
Keywords : Carbon nanotube; Sub-nanoparticle; Catalyst; CCVD

N—RF ) Fa—7 (CNT) 1&, OB EECHERIRAF LI Fr R e 2 A
THZENDIEHEZEEDTWDL T /T U TV ThD, EREZHIFEIL7Z CNT OKE
BRI T R 2l & U7k PR iEpdR (CCVD) AR FE & ST
D8, F /ORI A 1 F ) A — FVEAL TR 2 2 SIS TRy, £ 2T
AR CTIE, MBS S VEHWW T 7 2R 268 L, Zhvey— e
% Z LT i & CNT & % in situ CCVD TT 5 FiEEBIF L7z (Fig. A),
FERAC, BOGIREE LB 2 BUET 2 2 2k v, BT 27/ il okift & Zhic
o THET 2 ONT OER AR ICHET 2 Z LIk L7 (Fig. B).
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Fig. (A) The scheme of CNT growth in this work. (B) STEM images of CNTs from Co
nanoparticles after reaction using a mixture of CO/H, = 1 at 600 °C for 60 min.

1) Synthesis of sub-nanoparticles using dendrimers has been reported. T. Moriai, T. Tsukamoto, M.
Tanabe, T. Kambe, K. Yamamoto, Angew. Chem. Int. Ed. 2020, 59, 23051-23055.
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DMAPO/Boc,O-Mediated One-Pot Direct N-Acylation of Less Nucleophilic N-Heterocycles
with Carboxylic Acids (Graduate School of Life Sciences, Tohoku University)

(OAtsushi Umehara, Soma Shimizu, Makoto Sasaki

)|

In contrast to the significant progress of amide bond formations, the methods for N-acylation
of low nucleophilic nitrogen heterocycles are limited due to their poor nucleophilicity. Herein
we have developed one-pot direct N-acylation of low nucleophilic nitrogen heterocycles using
DMAPO/Boc;0 system. The new one-pot method, which does not involve pre-activation of
substrates, enables the direct N-acylation of a wide variety of nitrogen nucleophiles with
carboxylic acids. The new method also exhibits excellent functional group tolerance and broad
substrate scope. As the present method is practical, operationally simple, and scalable, it should
find wide applications in both academic and industrial laboratories.

Keywords : Amides; Acylation; Heterocycles, Nitrogen oxides, Synthetic methods
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TENIASHORENVEBZ LN, K0 TBEABKOM B L 25 DIXE > ETH
2, AL DN TH D, "M ABEEESY VT 1128 T, X7 TF RO
DRHNTT I TIVICEREN TS, ZD=d, 2RICEZ VT 4 DS LoOH
LHHELSTH, AEA RIS O HZENIRE W, B FABRIZS W TR BIEH ST
WAHBEGE LT, 72 MEAERKIGNZET 5N 5, 7 REGIANISI, @
WHNR e T I UVHFIE T ICBAKMEARZ D ARy N TERS® 554 CTfTbi
B, L LZOEMETIEH, A2 RO h R — L7 YOS REEZ B E D
7 2 MMEBUSIERE X < EFT Ly, Fox it “BUSPEDIRWEFRIZAPC b AR /2
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i L Boc,0 ZHAGHhETHWAHHY Ry NS OBRFRICR L, 173

DMAPO (2 mol%)

Boc,O - e mild conditions
o e o EtoN Q. ’ O o metal-free
N e pre-activation free
HOJ\O % H MeCN 1) o operationally simple
1.0 equiv each i b sc?alable
one-pot direct N-acylation o wide substrate scope

[1] A. Umehara, S. Shimizu, M. Sasaki, ChemCatChem 2023, 15, ¢202201596. [2] A. Umehara, S.
Shimizu, M. Sasaki, Adv. Synth. Catal. 2023, 365, 2367-2376. [3] A. Umehara, S. Shimizu, M. Sasaki,
Eur. J. Org. Chem. 2024, 27, ¢202400123.
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Vanadium Suppresses Energy Input and Greenhouse Gas Emissions for Solid-State Synthesis
of Niobium Carbide Catalyst (Graduate School of Science and Technology, Niigata University)
Takahiro Jinushi, Itsuki Soga, Ryunosuke Nakajima, Toma Senzoku, Akio Ikeda,

OKenji Saito

Niobium carbide (NbC), with high hardness, high melting point, and conductivity, has been
used in cemented carbides as an additive for industries, as well as superconductivity and
catalysts for research. Carbothermal reaction with Nb>Os and carbon precursors, e.g., C, is a
usual synthesis approach, but the consequent high temperatures and greenhouse gas emissions
are the points that should be suppressed. This study shows that the presence of vanadium (V),
which forms highly stable oxides rather than carbon oxides, changed the routes of the
carbothermal reaction of NbC (Figure 1), producing NbC with reduced preparation temperature
(1450 to 1000°C) and significantly suppressed greenhouse gas emissions. The obtained NbC
contained V as a dopant at the maximum of 50% (NbC:V), and the relative abundance was
correlated with the preparation temperature. The NbC:V performance was assessed for catalytic
and photothermal properties.

Keywords : Carbides; NbC; VC; catalyst; photothermal material
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Synthetic Study of Clomiphene and Tamoxifen from Tetrachloroethylene (Kindai Univ.)
Hiyono Suzuki, Akane Togo, OKouichi Matsumoto*

We have studied the development of new routes for the synthesis of clomiphene and
tamoxifen by using tetrachloroethylene as a synthetic element. The Suzuki coupling reaction
between tetrachloroethylene and phenylboronic acid with Pd catalyst gave the corresponding
1,2-dichlorodiphenylethylene as isolated and purified compound, which was then reacted with
arylboronic acid derivative in the presence of Pd catalyst afforded the mixture of £ and Z-
clomiphene. The synthetic investigation for tamoxifen will also be presented.!"

Keywords : Tetrachloroethylene, Clomiphene, Tamoxifen, Pd catalyst, Suzuki coupling reaction
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1) 121X, H. Suzuki, A. Togo, J. Kikuzawa, K. Miyamoto, S. Marumoto, A. Kuwabara, M.
Kobayashi, K. Matsumoto, Chem. Lett., 2024, 53, upae079.

2) F#iE 2024-002858, FEHID4H [/ 07 2 o OB IE] BRAH ARG —, &
AROLD, il

3) HilE 2024-002873, FHDAFR [ XX 7 = VHIBAKL X EX 7 = > Ol
Tk BE RARE—, RO Lo, il
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High-Throughput-Oriented Small Scale Electro Organic Synthesis Using GC-MS and its
Application to Development of Electrosynthetic Equipment ('Kindai Univ., *Techno Sigma Co.,
Ltd., ’The Institute of Creative Chemistry Co., Ltd., *SynCrest Inc.) Ryoichi Tomiyama,'

(OKengo Hamasaki,' Hideaki Oka,” Koichi Miki,* Katsura Torii,>* Shin Yoneyama,* Pengyu
Xu,* Kouichi Matsumoto'*

In electro organic synthesis, it is often time-consuming from reaction preparation to
purification and isolation during the experimental process. Therefore, it is difficult to carry out
a lot of electro organic syntheses in order to find new reactions. In this study, we have
investigated extensive electro-syntheses by using a small electrochemical cell with GC-MS,
and some interesting reactions were found. In addition, this approach is applied to development
of equipment.

Keywords : Electro-organic synthesis, High throughput, GC-MS, Development of electro-
organic equipment, New organic reactions

AHEEBIRA T, BT CTRUGED & WA MR R 2 584 S8 T, AA IR
HATA5ZENTEL720, TFEFHEED TODLHEINTTHD, LLenn, E=E
LAULTC, 1 DOREEMEROERZ LT 512X, EfftL (7 2A4GH) OH
7O PTEFEENSMLENZRYD  ZNRVICANR—A MBI/ D, T FEEOMAR
BICH YRIRAFT D2, 1 DOBMRA KO BERFENIEL oy ~ BRI X 23000 . 23
DEBREEBERN O | BRI DFBUGZ IR DA Z A MZILHE D [
TWRWERREIN Th 7o, 20X RERMND, /INAT — )L TOEME LD FEER L
GC-MS ZHAHELEH LT, " AN—TFy vhDarv 7 T, EBRARE T
7= BOSBE%E . RSO FITE Y FHAT, Z OB AT LD . WL D DOBETE K
JEE T Z ST BI LT, £ 2 OBMARICHEATE 2 LWIRFEM L EBERL
= 1 VL RO A

BREWFFLT, [z MRToAmRam GC-Ms
DRI R 75 28 S ENOMERITRSES
5., BfE, HFEOHR W pmhaaee, EEOSHE
1% 7B iR 25 i oo B 5 - gpeEORRHEE
fbizm i 7=2mat b , A

1IToTEH, FDRE N ZN—Tw

MERET D,

1) FFFE 2024-108682, FEHIDAFR [[RFEMOBIE L) BYIE Kb, RIBF, 2
Kit—, RS (7 LA (BR) . FRIENT#SRY) HEA 2024 47 H 5 A

© The Chemical Society of Japan - [PB]-1vn-73 -



