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Synthesis of novel optically active thermoresponsive polymers having tryptophan derived side
chains and the molecular recognition by using the resulting polymers (Graduate School of
Science and Engineering, Kindai University) OMasayuki Moriguchi, Manabu Ishifune

We have been studying enantioselective recognition in water using thermoresponsive
polymers incorporating fluorescent and optically active moieties. In this study, we synthesized
new polymers by RAFT polymerization of N-acryloyl-(S)-tryptophan and N-Boc-O-acryloyl-
(S)-tryptophanol, which have fluorescent and optically active properties, and N-
isopropylacrylamide, which provides thermoresponsive properties. LCST, UV-vis, and
fluorescence spectra of the resulting polymers were measured. Additionally, changes in LCST
and fluorescence properties in the presence of amino acids were also observed.

Keywords : Thermoresponsive polymer,; Fluorescence; Molecular recognition
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Synthesis of thermoresponsive polymers having optically active histidinol side chains and their
catalytic activity (Graduate School of Science and Engineering, Kindai University) ORyotaku
Kanaoka, Manabu Ishihune

In our laboratory, we have been investigating the introduction of functional moieties into
thermoresponsive polymers to use for asymmetric recognition in water and synthetic organic
reactions in aqueous media. In this study, we have synthesized Poly(N-acryloyl-(S)-histidinol-
co-NIPAAm) by random copolymerization of N-acryloyl-(S)-histidinol, which provides a
proton donor/acceptor moiety and optical activity, with NIPAAm, which provides
thermoresponsive properties. The thermoresponsive properties of the obtained copolymers
were confirmed by UV-Vis spectroscopy. The hydrolysis reaction of esters was also performed
using the obtained copolymers as catalysts, and the catalytic ability of the copolymers was
evaluated.

Keywords : thermoresponsive polymer; lower critical solution temperature; optical activity;
histidine
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1) Uemukai, T.; Ishifune, M. J. Apply. Polym. Sci. 2013, 129, 2554-
2560.
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Influence of additives on the hydrothermal dechlorination of PVC
('Research and Development Center, Hosei University, *“Department of Economics, Hosei
University) Douglas Hungwe,' Satomi Hosokawa,' Yuki Yamasaki’

Keywords: Hydrothermal dechlorination; Catalysis; Heat Stabilizer; Plasticizers

Polyvinyl chloride (PVC) is a versatile plastic often formulated with various additives,

including heat stabilizers, plasticizers, fillers, chlorinated paraffins, and other compounds.'
While these additives serve essential functions during the service life of PVC, they also
significantly influence the hydrothermal dechlorination process, a phenomenon that remains
not fully understood.
This study systematically investigates the effects of these additives, employing simplified
formulations to isolate their individual contributions. The findings reveal that some
additives accelerate dechlorination, while others hinder it by introducing mass transfer
resistance. The interplay between these additives and their interaction with particle size are
also explored. The investigation focuses on changes in kinetic behavior, described using
either first-order reaction models or the shrinking core model. The results highlight the
challenges in improving hydroxyl nucleophilic substitution beyond 30% under non-catalytic
hydrothermal conditions?, providing insights into the limitations of current approaches.

1) D. Hungwe, S. Hosokawa, H. Xu, L. Ding, Y. Yamasaki, Chem. Eng. Rev. 2024, 498,

155360. 2) J. Fonseca, G. Grause, T. Kameda, T. Yoshioka Polym Degrad Stab 2015, 117,
8-15.
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Synthesis and oxidation reactivity of novel optically active thermoresponsive polymers having

AZADO side chains(Graduate School of Science and Engineering, Kindai University)
(OKodai Maruta, Manabu Ishifune

We have recently introduced optically active sites and redox center onto the
thermoresponsive polymer having lower critical solution temperature, and investigated their
ability of oxidation. In this study, we have tried to synthesize a block copolymer consisting of
a polymer chain consisting of N-acryloyl-(S)-alanine as an optically active site and AZADO
side chain as an oxidation active site with an N-isopropylacrylamide chain. AZADO has
nitoroxyl radical and is usually used as an oxidant in CH>Cl>-H>O. The polymers obtained in
this study are expected to be used as oxidants that can be used in water solvents due to their
thermoresponsive properties. We confirmed the thermoresponsivity and aggregation behavior
of the obtained copolymer, and also observed its oxidizing ability.

Keywords : Thermoresponsive polymer; Redox center; AZADO
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Figure
1) Uemukai, T.; Hioki, T.; Ishifune, M. International J. Polym. Sci., 2013, 196145.
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Synthesis and properties of inedible bio-based epoxy resins using hardener with reversible
imine groups. (Osaka Research Institute of Industrial Science and Technology) O Yohtaro
Inoue

Cardanol is an inedible biomass and its chemical structure is a phenol derivative with long-
chain alkyl and alkenyl groups. Epoxy groups were introduced after the reaction of cardanol
with unsaturated fatty acids. The cardanol derivative was mixed with a hardener with an imine
backbone and heated to produce a network polymer. It was found that the network polymers
could be regenerated by heat pressing after crushing the resulting network polymers.
Keywords : Cardanol, bio-based material, imine, material recycling
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Stereoregular Polymerization of Methyl Methacrylate in the Channel Cavity of Supramolecular
v-Cyclodextrin Structures (' Graduate School of Engineering, Osaka University) O Shunsuke
Kishi', Hajime Shigemitsu', Toshiyuki Kida'

Precision polymer synthesis using nanopore space of porous materials as a reaction field has
been actively studied. Cyclodextrin (CD) is known to form various supramolecular structures
with channel pores, through hydrogen bonding between hydroxyl groups on the upper and
lower rims of CD. In this study, we examined the stereoregular polymerization of methyl
methacrylate (MMA) using the channel pores of y-cyclodextrin (y-CD) supramolecular
structures. y-CD supramolecular structures ware prepared by drying the precipitate obtained by
adding y-CD aqueous solution to a poor solvent such as acetone. After introducing MMA and
then 2,2'-azobisisobutyronitrile (AIBN) into the channel pores of y-CD, polymerization was
carried out by heating. At the MMA to AIBN ratio of 5:1, the resulting PMMA showed a
stereoregularity of mm:mr:rr = 45:46:9, demonstrating higher isotacticity compared to bulk
polymerization (mm:mr:rr = 7:34:59).

Keywords : Cyclodextrin, Channel-type Assembly; Supramolecular Structure; Radical
polymerization,; Stereoregularity
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1) Shigemitsu, H.; Kida, T. Polym. J. 2018, 50, 541.
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Development of UV-curable High Refractive Index Material with Triiodophenyl Framework
(‘Grad. Sch. of Sci. and Eng., Kansai Univ., O Yuya Nakashima,' Hiroto Kudo'

Advanced optical devices require the development of the polymers with high refractive index
and high Abbe number. In this study, the radical polymerization of triiodophenyl acrylate
(TIPA) with glycidyl methacrylate (GMA) or thiyl methacrylate (TMA) was examined in the
presence of AIBN for 20 hours at 60°C in THF, yielding corresponding polymers poly(TIPA-
co-GMA) and poly(TIPA-co-TMA) with M;=5,410~9,340 (M/M,=1.54~3.67) in 73~85%
yields. The synthesized poly(TIPA-co-GMA) and poly(TIPA-co-TMA) had good solubility,
good film forming ability, and high thermal stability. The thin films were prepared by the
spin-coating on the silicon wefer from the solution of poly(TIPA-co-GMA) and poly(TIPA-co-
TMA) containing diphenyliodonium trifluoromethanesulfonate(DPI-105) as a photo acid
generator in THF and their UV curing reaction was performed by the UV exposure tool. As
the result the correspomding cured thin films could be obtained in quauntitative yields, and
their refractive indices value (n) were determined by ellipsometer with 4 =632 nm to be n =
1.60~1.82.

Keywords : Polymer Chemistryl;High Refractive Index; Radical Polymerization; Epoxy;
Thiirane
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Synthesis of cyclic polyene oligomers by Ni-catalyzed cycloaddition of 1,n-diyne (n=6,7,8)

(Faculty of Chemistry and Biochemistry, Kanagawa University) ORyosuke Nozawa, Kouta
Ibe, Sentaro Okamoto

We have recently reported that the cycloaddition polymerization of 1,6-diynes using Ni
catalysts bearing bulky nitrogen ligands affords cyclic polyene oligomers with narrow
molecular weight distributions. In this study, for expanding the applicability, we studied the
polymerization behavior of 1,n-diynes (n = 7, 8, 9) as monomers, and the possibility of
copolymerization of 1,6-diynes with terminal monoalkynes. In the reactions of 1,n-diynes, the
corresponding oligomers were obtained from 1,7- and 1,8-diynes, which undergo reactions to
form six- and seven-membered rings. However, the reaction of 1,9-diynes, which form a
nine-membered ring, was complicated. Meanwhile, in the copolymerization of 1,6-diynes
with terminal monoalkynes, it was found that alkynes having a coordinating O atom were
good copolymerizable monomers.

Keywords : Ni catalyst; Cycloaddition Polymerization, Cyclic Polyene; Copolymerization
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References (1) Y. Okabe, T. Yamada, S. Okamoto, Polymer Chemistry, 2022, 13, 6075-6172.
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Ring-opening Polymerization of Trimethylene Carbonate and Lactones (Graduate School of
Engineering, Tokyo University of Agriculture and Technology) O Aoi Takeuchi, Koji Nakano

Poly(trimethylene carbonate) (PTMC), which can be obtained by the ring-opening
polymerization of trimethylene carbonate (TMC), exhibits excellent biodegradability and
biocompatibility. Since its thermal degradation proceeds mainly via the unzipping reaction
to give the TMC monomer, it is a promising candidate for chemically recyclable polymer
materials."? However, its low mechanical strength and glass transition temperature limit its
application as polymer materials. In this study, we investigated the copolymerization of TMC
with lactones to develop novel polymer materials with improved thermal and mechanical
properties.

Lactide and benzo-thia-caprolactone were found to be copolymerized with TMC, giving the
corresponding random copolymers. The obtained copolymers can be decomposed back to the
monomers by thermal treatment. The mechanical properties were successfully controlled by
changing the feed ratio of each monomer.

Keywords : Aliphatic Polycarbonate, Ring-Opening Polymerization; Trimethylene Carbonate;
Lactone
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(1) Fukushima, K. Biomater. Sci. 2016, 4, 9-11. (2) Marquez, Y.; Franco, L.; Puiggali, J. Thermochimica
Acta 2012, 550, 65-66
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Synthesis of non-isocyanate polyurethanes from bio-derived diols
(‘Kobe University, *AGC Inc.) OYoshiki Miyajima,' Miyu Takenoshita,' Chitoshi
Suzuki,” Takashi Okazoe,? Akihiko Tsuda'

Some diols derived from biomass origine raw materials, having a rigid heterocyclic structure,
attract attention as raw materials for functional polymers. On the other hand, isocyanates, a raw
material for polyurethanes, are toxic and their regulations are being tightened worldwide. In
this study, a non-isocyanate polyurethane synthesis method developed by our group was
applied to synthesize novel functional polyurethanes with biomass-derived diols."

In this study, we have achieved synthesis of colorless transparent polyurethane films by
polycondensation of biomass-derived isosorbide (ISB) or isomannide (IMN) fluoroalkyl
biscarbonate with a mixture of polyether diamine and alkyl diamine in variable ratios.
Keywords :Non-isocyanate polyurethane,; Biomass-derived raw material; Isosorbide;

Isomannide; Fluoroalkyl carbonate
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1) S. Hosokawa, A. Nagao, Y. Hashimoto, A. Matsune, T. Okazoe, C. Suzuki, H. Wada, T. Kakiuchi,
A. Tsuda, Bull. Chem. Soc. Jpn. 2023, 96, 663—670.
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Efficient Alkylation of Cellulose with Epoxide by Phosphazene Catalyst (' College of Science
and Engineering, Kanazawa University, *Graduate School of Natural Science and Technology,
Kanazawa University, *Nano Life Science Institute (WPI-NanoLSI), Kanazawa University)
OYume Takanishi,' Tatsuya Nishida,” Daisuke Hirose,” Katsuhiro Maeda®*

In recent years, a shift from finite fossil resources to sustainable biomass resources is a
critical issue. Cellulose is the most abundant bio-based polymer. However, it is insoluble in
common solvents and shows no thermoplasticity due to the formation of intra- and inter-
molecular hydrogen bonds between hydroxy groups at 2, 3, and 6 positions. Although
modification of hydroxy groups is a reliable approach to improve solubility and plasticity of
cellulose, it is less efficient under heterogeneous reaction conditions, which is environmentally
unfavorable. Alkylation of hydroxy groups with epoxides is an environmentally friendly
reaction without waste derived from leaving groups, but there are critical issues such as the use
of special solvents and excessive reagents in addition to heating conditions at high temperatures,
even in homogenous conditions.

Recently, our group found that the addition of a bulky phosphazene base (P4-/Bu) not only
dissolves cellulose in polar aprotic solvents at room temperature, but also makes the hydroxy
groups of cellulose extremely nucleophilic as naked alkoxides. In this study, we demonstrated
that the alkylation and grafting polymerization with epoxides on cellulose efficiently proceeded
in the presence of a catalytic amount of P4-7Bu.

Keywords : cellulose; phosphazene base; epoxide,; alkylation; grafting polymerization
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Synthesis of chiral thienopyrroldione-based polymers by direct arylation polycondensation and
their characterization ('University of Tsukuba) ONao Suzuki,' Ziwei Hu,' Takaki Kanbara,'
Junpei Kuwabara!

Circular polarization has spiral oscillations of the electromagnetic field. Circularly polarized
light can be produced from linearly polarized light, but this method may cause significant
energy loss. Therefore, there is a need to develop asymmetric light-emitting materials that
produce circularly polarized light efficiently™. Conjugated polymers with chiral side chains
have been reported to exhibit excellent circularly polarized emission and absorption due to
helical structure formation in the main chain!?*), In this study, thienopyrroldione (TPD) with a
chiral side chains was synthesized using chiral amine as a chiral source. The synthesized TPDs
were used to synthesize chiral conjugated polymers by direct arylation polycondensation. In
chloroform/1-butanol solutions of the synthesized polymers, circular dichroism increased by
raising the poor solvent ratio. The enhanced circular dichroism is considered to result from
aggregation induced by the addition of the poor solvent, 1-butanol.

Keywords : conjugated polymer; direct arylation; chiral polymer; circular dichroism
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[1]S. Yang, et al., Coord. Chem. Rev. 2023, 485, 215116. Figure 1. (a) Structure of synthesized
[2]0. OKi, et al,, J. Am. Chem. Soc. 2021, 143, 8772-8779. D NTPOF nd (S PCETPDE (o
[3] P. Leysen, et al., Macromolecules 2018, 51,3504—3514. CHCl;/1-butanol, 30 pM)
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Synthesis and property of well-defined star and ﬂower—shaped polysulfides by insert reaction

with thiocarbamate and thiirane ('Grad. sch. of Sci. and Eng., Kansai Univ., °Grad. sch. of Eng.,
Kyoto Univ.) ORyota Tsutsui,! Hiroto Kudoh,' Akiyuki Ryoki?

P

We have examined the continuous insertion reaction of phenoxypropylene sulfide (PPS) with
linear and cyclic carbamic acid thioesters, and well-defined linear and cyclic polysulfides could
be obtained. In this study, we examined the synthesis and properties of core-gel-type star-
shaped polysulfides using bifunctional dithiirane (PBT) as a cross-linker. At first, we
examined the reaction of 2,4-thiazolidinedione (TZD) and PPS with feed ratio of TZD/PPS =
1/30 in NMP at 60 °C using TBAC as a catalyst for 12h. Next, PBT was added to the
polymerization solution at various feed ratios of TZD/PPS/PBT = 1/30/1.5 ~ 6.0 at the end of
the polymerization phase. As a result, the corresponding soluble polymers with M, = 12,110
~ 26,550, Mw/M, = 1.41 ~ 2.52 were quantitatively obtained. The structure of the resulting
polymer was confirmed by "H NMR spectroscopy, and it was found that the obtained polymers
had a PBT skeleton in the core. Detailed analysis results of their properties will be reported.
Keywords : Cyclic polymer; Star-shaped polymer, Living polymerization; Insert reaction;
Thiirane
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1) H.Kudo, et.al., Macromolecules 2010, 43, 9655 — 9659.
2) H.Kudo, et.al., Macromolecules 2020, 53, 4733 — 4740.
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Precise post-polymerization modification of polyethylene glycol using a semiconductor

photocatalyst and water (‘Grad. Sch. Sci., Nagoya Univ., 2IRCCS, Nagoya Univ., *Grad. Sch.

Eng., Nagoya Univ.) oYoshino Inamori,’ Shogo Mori,> Mineto Uchiyama,® Masami
Kamigaito,® Susumu Saito'*

Post-polymerization functionalization of massively produced commodity polymers has
garnered increased attention as an effective approach for providing new functional materials at
low cost. It is important for tuning the functions of functionalized polymers to control their
molecular weight distribution and functionalization percentage. Our group reported
functionalization of C(sp®)-H bonds of water-miscible organic compounds using a metal-
loaded titanium dioxide (M/TiO,) semiconductor photocatalyst and water.! In this work, we
extended this approach to hydrophilic commodity polymers. As a consequence, PEG
derivatives capped at both terminal hydroxyl groups were functionalized using alkenes with
narrow molecular weight distributions. Additionally, we achieved precise control of the
functionalization percentages by varying the reaction time.

Keywords . Post-polymerization ~modification; C(sp’)~H bond functionalization;
Semiconductor photocatalyst; water, Poly(ethylene glycol) derivative
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1) Mori, S.; Saito, S. Green Chem. 2021, 23, 3575-3580.
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Photochemical Reaction Behaviors of n-Conjugated Polymers Having Bismole Umts Obtalned
by Post-elemental Transformation Process ('School of Materials and Chemical Technology,
Institutle of Science Tokyo) OKeisuke Tsujimura,' Moeki Nakano,' Ryoyu Hifumi,' Tkuyoshi
Tomita

n-Conjugated polymers having element-blocks are expected to serve as new functional
polymers that exhibit unique characteristics. We have reported that bismole-containing n-
conjugated polymers were prepared by the post-elements-transformation of reactive polymers
with titanacycle moieties and the resulting polymers exhibit unique features based on their low-
lying LUMO energy levels. Herein, we describe the photochemical reactions of bismoles and
n-conjugated polymers having the corresponding units.
Keywords : Element-blocks; Bismole; Photochemical Reaction
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Scheme 1. Synthesis of n-conjugated polymers havmg bismole units.
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1) (a) K. Atami, T. Kino, W.-M. Zhou, H. Nishiyama, 1. Tomita, Synth. Met. 2009, 159, 949; (b) H.
Nishiyama, T. Kino, I. Tomita, Macromol. Rapid Commun. 2012, 33, 545.
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Synthesis of Graft Copolymers with Aliphatic Polycarbonates as the Main Chains and

Evaluation of Their Mechanical Properties (Graduate School of Engineering, Tokyo University
of Agriculture and Technology) Olssei Okamoto, Chikara Watanabe, Koji Nakano

The alternating copolymerization of epoxides with carbon dioxide, which is an abundant
carbon source in nature, gives aliphatic polycarbonates (APCs). We have developed APC-
containing block copolymers, such as PPC-block-PMMA [PPC = poly(propylene carbonate);
PMMA = poly(methyl methacrylate)], in order to expand applications of APCs as polymer
materials. In this study, we synthesized the graft copolymer with PPC as the main chain and
PMMA as the side chain (PPC-graft-PMMA) and evaluated their properties.

The graft copolymer PPC-grafti-PMMA was synthesized by atom transfer radical
polymerization of MMA with a-haloester-functionalized PPC as a macroinitiator. Addition
of PPC-graft-PMMA to the PPC/PMMA blend was found to increase the elongation at break
of the PPC/PMMA blend, indicating that the graft copolymer works as a compatibilizers.
Keywords : Aliphatic Polycarbonate; Poly(propylene carbonate); Graft Copolymer; Atom
Transfer Radical Polymerization
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(1) Mizuno Y.; Nakano, K. Chem. Lett. 2018, 47, 580. (2) Nakabayashi, Y.; Nakano, K. Polym. J. 2021, 53, 203.
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Synthesis and Applications of 1,3-Butadiene Derivatives and 11-
Conjugated Polymers Having Element-blocks by Reactions of
Reactive Precursors

(* School of Materials and Chemical Technology, Institute of Science Tokyo)

OXinyu Zhang,' Ryoyu Hifumi,' Ikuyoshi Tomita'

Keywords: Polymer Reactions; 1,3-Dienes; m-Conjugated Polymers; Element-Blocks;
Functional Polymers

In recent years, element-block-containing m-conjugated polymers have been paid much
attention as important functional materials for optoelectronic devices owing to their tunable
energy bandgaps. Authors’ laboratory has reported that tellurophene-containing n-conjugated
polymers are obtainable from the organotitanium polymers.” Considering the broad
applicability of the Te-Li exchange reaction, the tellurium atom in the tellurophene derivatives
can be exchanged to two lithium atoms to produce 1,4-lithio-1,3-butadiene units.? In the
authors’ laboratory, the germole-containing n-conjugated polymers were successfully obtained
through this synthetic route.?) Herein, the dilithiated units were used as reactive precursors to
synthesize 1,3-butadiene derivatives and n-conjugated polymers containing various element-
blocks.

The starting material, tellurophene-containing polymers (6) were obtained via
organotitanium-containing reactive polymers that we have reported previously."” The lithiated
polymers (7) which were prepared by the reaction of tellurophene-containing polymers and n-
butyllithium (2.4 equiv) were subjected to the post-element-transformation. Consequently, n-
conjugated polymers having 1,3-butadiene derivatives and various heteroatoms such as sulfur,
silicon, and phosphorus (8, 9, and 10) were obtained by reactions with 1.5 equiv of electrophiles
such as diphenyl disulfide, trimethylsilyl chloride, and chlorodiphenylphosphine, respectively
(Scheme 1). The results on the optical, and electrical properties of the resulting 1,3-butadiene
derivatives will also be reported.

-Bu Ph-S-S-Ph, SiMeCl

or PhyPCI

° Te 2.4 eq. 2.4 ezq. X

\_/ n THF -60 °C ~r.t,, \
6 78 °C ~ -60 °C 12h N
CgH470 3h X

= % % . 8 (X = SPh)

ete. . 9 (X = SiMe,)
OCeH,, Scheme 1. Synthesis of Polymer 8, 9, and 10. 10 (X = PPhy)

1) Nishiyama, H.; Zheng, F.; Inagi, S.; Fueno, H.; Tanaka, K.; Tomita, 1., Polymer Chemistry., 2020,
11, 4693-4698.

2) Yamaguchi, S.; Tamao, K., J. Chem. Soc. Dalton Trans., 1998, 22, 3693-3702.

3) Zheng, F.; Tan. E.; Yanamoto, Y.; Shida, N.; Nishiyama, H.; Inagi, S.; Tomita, 1., NPG Asia
Materials., 2020, 12, 41.
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Preparation of Lignoanisole Derivatives with High Molecular Weights by Chain-Extension
Reaction (Graduate School of Comprehensive Scientific Research, Prefectural University of
Hiroshima) OTakuya Takahashi, Mitsuru Aoyagi

Native lignins in plant cell walls have never been isolated without random condensations
due to reactive structures because of a network structure, and of interpenetrating polymer
network with carbohydrates. Through the phase-separation system, linear-typed native lignin
derivatives macromolecules (lignoanisole, LA4Me) grafting of 4-methylanisole under room
temperature and 1 atm within 60 min with high yields. Since LA4Me shows high solubility and
thermal plasticity, applications for thermal plastics have been expected. But weak membranes
were obtained because of low molecular weight (M, = 4000). In this study, increase of
molecular weight of LA4Me by chain extension reactions using difunctionalized epoxy resin
such as Ethylene Glycol Diglycidyl Ether (EGDE) were tried.

POLA4Me was synthesized from poplar wood (Populus nigra var. italica) through the
phase-separation system. Linear-typed native lignin derivative macromolecules with beige
appearance were obtained in 80.8% yield with M, = 4000. After chain extensions of POLA4Me
using biodegradable EGDE, beige solid was obtained in 92.2% yield with Mn = 5800. This
derivatives demonstrated good solubility for acetone, THF, pyridine and thermal plasticity
(154.3°C, T,) with high thermal stability.

Keywords : Chain-Extension, Native Lignin, Lignoanisole, Epoxy Resin, Biodegradation
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1) M. Funaoka, I. Abe, Tappi J., 72, 145-149 (1989)
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Effect of POF material-oriented carbonyl groups on optical properties in polycarbonate
(Graduate School of Engineering, Kyusyu Sangyo University) O Atsushi Kitamura Tomoyuki
Hirayama,

In recent years, plastic optical fiber (POF) has attracted focus as a high-speed communication
medium. In polymeric materials, attention has been focused on the reduction of C-H in the
structure as a measure to reduce loss at 1310 nm, the main wavelength band. The effects of
carbonyl (C=0) bonds that exist in the vicinity of this wavelength are required to be studied.
Therefore, synthesized polycarbonate carbonyl groups per unit molecular weight (carbonyl
equivalent) and evaluated their Optical properties. The results showed that there is a correlation
between the carbonyl equivalent of polycarbonate and the optical properties at 1310 nm.

Keywords: Polymeric materials; carbonyl bonds; plastic optical fiber
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Scheme 1 Polycarbonate Synthesis Figure 1 Relationship between carbonyl equivalent

Yoshihiro Tukamoto: Vol. 66,NO.9 (2010) Plastic optical fiber and the characteristics required

for automotive POF cables.
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Confirmation by intermolecular interaction effect in linear polymer structure and examination
of physical property (‘Advanced Functional Polymers Research Center, KRICT, >Department
of Chemical Engineering, Hanyang University) OJaeyeong Choi,! Min Ki Choi," > Seong Hun
Choi,! Yun Ho Kim,' Jong Chan Won'

Diamine is an important structure applied in various chemical fields, and phenylene
diamine is a representative substance of aromatic diamine among many types of diamine.
Phenylene diamine is divided into ortho-, meta- and para- depending on the position of the
amine, and is applied to synthesis of organic and polymer by such position. Among them,
although there are various molecules with a structure similar to m-phenylene diamine
(MPDA), hetero-aromatic 2,6-diaminopyridine (DAP) and 3,5-diaminobenzoic acid (DABA)
are present as the simplest structures and can exhibit the polarity. As a result of investigating
the melting points (7m) of DAP and DABA, it was predicted that DAP and DABA had a T, of
about 119 °C and 235 °C, while MDPA had more stable intermolecular interaction than
MDPA. These properties were expected to be expressed even after polymerization of
polymers, and their physical properties were compared through homo-polymerization, co-
polymerization, and polymer blending.

Keywords : Linear polymer, Polymer blend , Intermolecular interaction, Physical property,

Diamine
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Effect of Photoirradiation on Chiroptical Properties of Poly(diphenylacetylene) Derivatives
Bearing Chiral Amide Structure in the Side Chain ('College of Science and Engineering,
Kanazawa University, *Graduate School of Frontier Science Initiative, Kanazawa University,
3Graduate School of Natural Science and Technology, Kanazawa University, *“Nano Life
Science Institute (WPI-NanoLSI), Kanazawa University) ONaoe Kuroishi,' Yuki Nishikawa,’
Daisuke Hirose,” Katsuhiro Maeda® *

Poly(diphenylacetylene) derivatives (PDPAs) are one of m-conjugated helical polymers and
exhibit circularly polarized luminescence (CPL) when they have one-handed helicity.

In this study, we synthesized an optically active PDPA bearing tertiary amide groups (poly-
28) by the reaction of a PDPA bearing carboxy pendants (poly-1) with an optically active
secondary amine (2S) and investigated its chiroptical properties. Poly-2S exhibited positive
Cotton effects in the absorption region of the polyene backbone upon thermal annealing in
solution due to the formation of a preferred-handed helical structure (2-poly-2S). Interestingly,
we found that poly-2S exhibited negative Cotton effects at room temperature upon
photoirradiation (% -poly-2S5), whose signs were opposite to those of s-poly-2S. 4-Poly-2S and
h’-poly-2S8 also exhibited opposite CPL emission with positive and negative signs, respectively.

Keywords : Poly(diphenylacetylene), Helical Polymer, Photoirradiation, Helicity Induction,
Chirality Inversion
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The effect of deuteration on the water absorption properties of aromatic polymers
(Graduate School of Engineering, Kyusyu Sangyo University) OChihiro Fujishima,

Tomoyuki Hirayama

Aromatic polymers are widely used in electrical material applications due to their excellent
heat resistance. The introduction of polar functional groups, such as carbonyl groups, is a
key design approach to impart heat resistance. However, due to polarity, the absorption of
water tends to increase, leading to the deterioration of electrical properties such as dielectric
constant. Therefore, in this study, a novel deuterated aromatic polymer was synthesized, and
its effect on water absorption characteristics was investigated. Polymers with different
deuteration levels were synthesized, and water absorption tests were conducted. As a result,
it was considered that deuteration enhances intermolecular interactions and improves
molecular chain density, which leads to a decrease in water absorption.

Keywords : Water absorption, Heat-resistant polymer, Deuteration
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Scheme 1 Synthesis of Aromatic Polymers Figure 1 Water absorption rate of polymers

with different deuteration levels.
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Effect of Carbonyl Groups in aromatic Polyimides on Coefficient of Linear Expansion

(Graduate School of Engineering, Kyusyu Sangyo University)OTaichi Hirashima,
Tomoyuki Hirayama,

The development of electronic devices with multifunctionality has led to the widespread use
of aromatic polyimides with high heat resistance in multilayer PCBs and FPCs. In particular,
for products such as optoelectronic hybrid substrates, which involve metal/polymer
composites, it is essential to match the coefficient of thermal expansion (CTE) between the
resin and metal. Currently, the main design strategy for reducing the CTE of polyimides
focuses on the linearity of the main chain and molecular weight. However, there have been no
reports regarding the influence of the carbonyl (C=0) group on the CTE. Therefore, in this
study, polyimides with varying numbers of carbonyl groups per unit molecular weight
(carbonyl equivalents) were synthesized, and a correlation with the CTE was established.

Keywords: coefficient of linear expansion; Carbonyl Group, Polyimide
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Scheme 1 Polyimide Synthesis Figure 1 Relationship between carbonyl equivalent
Junya Kobayashi: Trends in polymer optical waveguide material technology. Journal of the

Society of Electronics and Decorative Arts Vol.5 No.5 (2002)
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Functional group effect on the conformation and rheology properties
of novel star-shaped polymer based on metal-organic polyhedra.
(\nsititute for Integrated Cell-Material Sciences, Kyoto University, *Graduate School of
Engineering, Kyoto University) O Xiangmei Xiang,'” Zaoming Wang,> Po-chun Han,?
Masataka Yamashita,? Shang-Wei Lin, Kenji Urayama,” Shuhei Furukawa.'*

Keywords: Star-shaped polymers; Conformation; Metal-organic polyhedra; Rheology

Star polymers are macromolecular structures characterized by multiple linear polymer chains
radiating from a central core, forming a star-like architecture. Due to their reduced viscosity
and enhanced solubility, star polymers are suitable for applications such as drug delivery, where
they can effectively encapsulate active pharmaceutical agents. However, controlling the
viscosity of star polymers without changing the polymer chain structure remains a significant
challenge.

Here, we demonstrate a strategy to modulate the viscosity of a star-shaped polymer by
incorporating various metal-organic polyhedra (MOPs) as the central core while maintaining
the polymer chains. MOPs are cage-like supramolecules with a size of a few nm, assembled
from metal ions and organic ligands. The accessible open metal sites on the MOPs surface
allow functionalized polymer chains to form star-shaped polymers via coordination bond
formation !, We synthesized four different rhodium-based cuboctahedra as the cores, each
formed by twelve dirhodium paddlewheels and twenty-four isophthalate derivates and named
RMOP, [Rhz(5-R-1,3-bdc)].. (where 1,3-bdc is 1,3-benzene dicarboxylate and R represents
dodecyloxy (Ci2), hydroxy (OH), fert-butyl (tBu) groups or non-functionalized (H)). Star-
shaped polymers Ci12MOP-A4, HMOP-A4y, tBuMOP-A4, and OHMOP-A4, were formed by
tethering 12 equivalent polymer A4, possessing a polyethylene glycol (PEG) chain with
coordinative imidazole at one end and a bulky fert-octylphenyl group at the other end, to the
MOP cores, respectively. Small-and-wide-angle X-ray scattering (SWAXS) measurements
revealed the distance between the MOP cores in CixMOP-A4 to be 3.44 nm and that in
OHMOP-A4 to be 8.68 nm, indicating two different polymer conformations: compacted state
and stretched state, respectively. Such a difference in conformation should be caused by the
interaction between the functional group (R = Ci2 or OH) on the MOP surface and the tethered
polymers. These polymer conformation differences resulted in materials exhibiting distinct
rheological behavior; compacted Ci12MOP-A4 shows low viscosity, while stretched OHMOP-
A4 exhibiting high viscosity.

Reference:

[1] P. Han, C. Chuang, S. Lin, X. Xiang, Z. Wang, M. Kuzumoto, S. Tokuda, T. Tateishi, K. Wu, K.
Urayama, D. Kang, S. Furukawa. Nat. Commun. 2024, 15, 9523.
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Thermal Properties of Side-Chain Liquid Crystal Polymers with Spacers Centered on Benzoate
Back Bone (!Grad. Sch. of Eng., Oita Univ., Fac. of Sci. and Tech., Oita Univ.) OSatoshi
Tanaka', Seiki Yamashita', Masanori Nata?, Seiji Ujiie?

Novel side-chain liquid crystal polymers (LSCLCP) incorporating spacers centered on a
benzoate unit were synthesized. The introduction of long flexible chains moderately disrupted
alignment, allowing the LSCLCP to maintain a liquid crystal state at room temperature. Under
the application of an electric field at room temperature, the LSCLCP achieved a vertically
aligned state. If a liquid crystal state with high responsiveness to external stimuli can be formed
even at lower temperatures below room temperature, the material alone is expected to find new
applications in electrorheological fluids or smart liquid crystal systems. Therefore, the effects
of copolymerization were investigated to further control the liquid crystal temperature range.
Copolymerization using two types of monomers with different terminal groups resulted in a
decrease in the glass transition temperature to around 0°C.

Keywords : Side Chain Liquid Crystal Polymers, Thermal Properties, Orientational Structure,
Copolymerization
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Table 1. Phase transitions of liquid crystal polymers

A B y Max10* M/My Phase transition temp."/°C
6-8-COCH3 - 1.0 15800 1.29 g12.1Col 86.31
6-8-COCH3 2-8-COCH3 0.85 9900 1.10 g54N52.11
6-8-COCH3 6-8-1C4Ho 0.76 20100 1.29 23.4N59.9SmA 8791

6-8-CN 6-8-tC4Ho 0.80 16100 1.58 g-0.1N49.81

Dg: glass, Col: columnar, SmA: smectic A, N:nematic, I: isotropic.
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Effects of curing conditions on reactivity and heat resistance of photosensitive resin using
aliphatic difunctional epoxy
(Kyusan University Graduate School of Engineering) OKoki Tanaka Tomoyuki Hirayama
Currently, epoxy resins are widely utilized in applications such as electronic devices, paints,
and adhesives due to their excellent heat resistance and low cost. However, the miniaturization
and increased density of electronic components have led to higher heat generation,
necessitating improvements in heat resistance. Previous studies have primarily focused on
aromatic polyfunctional cresol novolac epoxy resins and aromatic difunctional bisphenol A
resins. In this study, we investigated the relationship between curing conditions, reaction rate,
and thermal resistance (glass transition temperature: Tg) in aliphatic difunctional epoxy resins,
with a focus on their application as photosensitive resins. It was confirmed that the increase in
exposure dose had the most significant impact on the reaction rate, but the reaction reached
saturation at an exposure dose of approximately 4000 mJ (Figure 1). Additionally, a trend was
observed in which higher reaction rates corresponded to higher Tg values (Figure 2). These
findings suggest that the increase in exposure dose significantly affects both the reaction rate
and Tg.
Keywords : Epoxy resin, glass transition temperature, reaction rate
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Figure 1 Relationship between exposure amount Figure 2  Relationship between reaction
and reaction rate at PEB temnerature (30min) rate and glass transition point
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Synthesis of discontinuously conjugated polymers for application in hole transporting materials
(' Kansai Univ. Fac. of Chem., Mater. and BioEng.) OHiroto Miyatake,! Haoxuan Guo,'
Hiroyuki Aota,’

PEDOT:PSS is the most commercially used as hole transport material (HTM); however, its
energy level is difficult to control. To achieve better device performance, it is crucial to develop
HTMs that are compatible with various types of solar cells and feature adjustable energy levels.
In this study, a series of discontinuously conjugated polymers (DCPs) were synthesized as
alternatives to PSS. I investigated two approaches to adjust the energy levels of the polymers:
the first involves controlling the conjugated chain lengths by introducing benzene derivatives
to create larger band gaps, while the second entails chemical modification to adjust the HOMO
levels.

We synthesized and evaluated several types of DCPs. The results confirmed that the energy
levels can be controlled by changing the synthesis conditions.

Keywords : conjugated polymer; energy levels,; chemical modification
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Preparatlon and mechanical properties of composite films of polysiloxane with
naphthalenediimide moieties and donor molecules. (‘School of Chemistry, College of Science
and Engineering, Kanazawa University, *Graduate School of Natural Science and Technology,
Kanazawa University, *Nanomaterials Research Institute, Kanazawa University) O Yoshiyuki
Masu', 2S.3110g0 Amemori**, Yasuhiro Shigeta’*, Takuya Kurihara® Tomonori Ida?, Motohiro
Mizuno™

To develop stimuli-responsive materials, we prepared composite films of polysiloxanes
containing naphthalene diimide (NDI) units as an electron acceptor and a pyrene derivative
(Py) as an electron-donor and evaluated their mechanical properties. The polysiloxane
bearing NDI units was synthesized via hydrosilylation with polymethylhydrosiloxane, NDI
with a vinyl group, allyl butyl ether (ABE), and vinyl-terminated PDMS. The polymer
synthesized with a 1:9 molar ratio of NDI to ABE exhibited higher storage modulus
compared to the polymer synthesized only with ABE, suggesting the formation of physical
crosslinks via - interactions between NDI units. Addition of Py to the synthesized
polysiloxane induced color changes, confirming charge-transfer interactions between NDI
units and Py.

Keywords : Stimulus-responsive polymer, Charge-transfer complex, Polysiloxane
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Fig. 1 Structure of polysiloxane and
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Helicity Induction in Poly(phenylacetylene) Derivatives with an Aminophosphonium Group in
the Side Chain (' College of Science and Engineering, Kanazawa University, *Graduate School
of Frontier Science Initiative, Kanazawa University, *Graduate School of Natural Science and
Technology, Kanazawa University, “Nano Life Science Institute (WPI-NanoLSI), Kanazawa
University) OShota Nakano,' Yuki Nishikawa,? Daisuke Hirose,’ Katsuhiro Maeda® *

Optically inactive poly(phenylacetylene) derivatives (PPAs) bearing molecular recognition
sites, such as carboxy groups, in the side chain form preferred-handed helical structures by
interaction with chiral guests to show characteristic induced circular dichroisms (induced CDs)
in the polyene absorption region. Therefore, they can be used as CD-based chiral sensors.
Herein, we newly synthesized a lipophilic PPA derivative bearing aminophosphonium (AP)
group in the side chain (poly-AP(Cl)) by polymerization of the corresponding monomer using
a rhodium catalyst. The poly-AP(Cl) was converted to poly-AP(BArF) with non-coordinating
BArF anions by ion exchange. Moreover, the pendant AP group was converted to an
iminophosphorane (IP) group (poly-IP) by adding bases. These novel lipophilic PPAs formed
preferred-handed helical structures in response to the chirality of the corresponding various
chiral guests to show induced CDs in the absorption region of the polymer backbone.

Keywords - Poly(phenylacetylene);  Helicity induction; Aminophosphonium;
Iminophosphorane; Chiral sensing
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Synthesis and metal adsorption behavior of inverse vulcanized polymers with metal ligands
and hydrophilic groups (1. Kyutech, 2. GMRC, Kyutech) Satoshi So', Yoshiaki Yoshida '

Inverse vulcanized polymers made from waste sulfur and natural products such as terpenes are
expected to show excellent adsorption ability for various metal ions because of their high sulfur
content. However, the main chain sulfur chains and crosslinking sites based on the hydrocarbon
skeleton are highly hydrophobic. This issue is because they have low metal adsorption ability in
aqueous solutions. Therefore, in this study, we synthesized inverse vulcanized polymers with
hydrophilic groups and metal ligands in the side chains to improve metal adsorption ability in
aqueous solutions. The metal ligand in the side chain improved the selectivity and capacity of
metal absorption. The hydration was improved by providing a hydrophilic group in the side
chain. In addition, it was confirmed that the longer the hydrophilic group, the greater the metal
adsorption capacity.

Keywords : Inverse vulcanized polymers, Sulfur-containing polymers, metal adsorption
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Scheme 1. Inverse vulcanized polymerization of monomer with metal ligands and hydrophilic groups.
1) M. P. Crockett, A. M. Evans, M. J. H. Worthington, Angew. Chem. Int. Ed. 2016, 55, 1714-1718.
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Study of the dependence of the linear expansion coefficient on the cross-linking structure in
photosensitive epoxy resins. ('Kyushu Sangyo University) ORyosuke Inoue!, Tomoyuki

Hirayama'

Epoxy resins are widely used as encapsulants for integrated circuits due to their chemical
stability and electrical insulation properties, but there is concern that large differences in
coefficient of linear expansion (CTE) can cause stress on semiconductor wafers. To alleviate
this problem, inorganic fillers with low CTE are added. On the other hand, low CTE and
transparency are required for optical waveguides, where transparency is required.

Keywords: epoxy resin, linear expansion coefficient, cross-linked structure
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1) “Polymers for IC Encapsulants” by Koichi Tanaka/Kenichi Yanagisawa 1956,15,956
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Preparation of Polyion Complex Aggregates Formed from Hyperbranched Polymers and
Linear Diblock Copolymers (' Graduate School of Engineering, University of Hyogo, *Institute
for Chemical Research, Kyoto University) OTomoya Nishimura,' Shigeru Yamago,? Shin-ich
Yusa'

Linear (L-PAA) and hyperbranched poly(acrylic acid) (HB-PAA) were prepared via
organotellurium-mediated radical polymerization (TERP) (Figure 1a). Furthermore, a diblock
copolymer (PiooMos) comprising of biocompatible poly(2-(methacryloyloxy)ethyl
phosphorylcholine) (PMPC) and cationic poly((3-(methacryloylamino)propyl) trimethyl
ammonium chloride) (PMAPTAC) was prepared. The oppositely charged L-PAA (or HB-PAA)
and P1ooMog were mixed to prepare polyion complex (PIC) micelles. Dynamic light scattering
(DLS) measurements with varying charge ratios (f* = [cation]/([anion] + [cation])) revealed
that the formation of PIC micelles for the mixture of L-PAA/P10oMos and HB-PAA/P190Mos
(Figure 1b). The range of the f* forming PIC micelles for HB-PAA/P100)Mog was narrower than
that for L-PAA/P100Mos. This may be due to the difference in the chemical structure of the PAA.
Keywords : Hyperbranched Polymer; TERP; Polyion Complex; RAFT; Poly(acrylic acid)
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Figure 1. (a) Chemical structures of PiooMos, L-PAA, HB-PAA, and conceptual illustration of
polyion complex (PIC) micelle, and (b) hydrodynamic radius (Ry) for L-PAA/P100Mos (—) and HB-
PAA/P10oMos (—) in PBS buffer at C, = 1.0 g/L as a function of cationic molar ratio (f").
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Investigation of the Formulation and Properties of Multi-Stimuli
Responsive Smart Hydrogels

(‘Department of Chemistry, Chung Yuan Christian University) OPeng-Wen Chen,' Mei-Yu
Yeh, "
Keywords: Smart Hydrogels; Stimuli Responsive; Reversible; Temperature

Smart hydrogels are a highly versatile and innovative class of materials, characterized by
their ability to respond to specific environmental stimuli such as temperature, pH, light, electric
fields, or chemical agents. This responsiveness makes them exceptionally valuable for
advanced applications across a wide range of fields, including biomedicine, environmental
engineering, and soft robotics." Our research team has recently developed temperature-
responsive hydrogels, showcasing outstanding cell viability and biocompatibility with human
mesenchymal stem cells. These findings underscore their potential as innovative biomaterials
and implantable scaffolds for applications in tissue engineering and regenerative medicine.”
Additionally, we have successfully engineered light-responsive hydrogels, leading to the
advancement of pioneering technologies in light-switchable adhesives.’

In this work, we successfully developed a reversible temperature-responsive hydrogel
with the ability to dynamically adjust its mechanical properties in response to external stimuli.
This was achieved by chemically modifying F108 and combining it with gelatin to form a
composite hydrogel. Through systematic optimization of the hydrogel formulation, we
significantly reduced the gelation time, making the manufacturing process more efficient and
practical. The resulting hydrogel demonstrated outstanding responsiveness, self-healing
capabilities, and adaptability, underscoring its potential for cutting-edge applications in soft
robotics, biomedical engineering, and advanced smart materials. Its ability to undergo rapid
gelation while maintaining robust functionality highlights a unique combination of properties,
including thermal sensitivity, mechanical resilience, and versatile performance. These
characteristics not only open new avenues for the creation of innovative smart materials but
also provide a solid foundation for their implementation in various fields requiring dynamic
and responsive material solutions.

25°C 37°C
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1) K. Wang, J. Zhang, H. Li, J. Wu, Q. Wan, T. Chen, W. Liu, H. Peng, H. Zhang, Y. Luo, Adv. Sensor
Res., 2024, 3, 2400003. 2) M.-Y. Yeh, J.-Y. Zhao, Y.-R. Hsieh, J.-H. Lin, F.-Y. Chen, R. D. Chakravarthy,
P.-C. Chung, H.-C. Lin, S.-C. Hung, RSC Adv., 2017,7, 21252. 3) Y.-Y. Wang, P.-W. Chen, Y.-H. Chen,
M.-Y. Yeh, Mater. Horiz., 2025, Advance Article
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Molecular orientation and birefringence enhancement of photoreactive polymer liquid crystal
films by in situ reaction using microwaves

(‘Faculty of Engineering, University of Hyogo, *Graduate School of Engineering, University
of Hyogo, *Graduate School of Engineering, Nagaoka University of Technology) (OAkari
Ito', Mizuho Kondo?, Madoka Marui, Moritsugu Sakamoto®, Hiroshi Ono’, Nobuhiro
Kawatsuki’

We investigated systematic studies on photoalignable liquid crystalline polymers (PLCPs).
PLCPs exhibit molecularly oriented structure for their own by means of axis-selective
photoreaction followed by self-organization. To achieve high birefringence, phenylamine was
introduced into PLCPs film with a phenylaldehyde group on the side chain by an in situ
reaction after photoreaction with linearly polarized (LP) UV light. Previously, PLCPs were
heat-treated using a hot stage, but it was difficult to introduce phenylamine into thick films
because the reaction occurred only at the thin-film interface. In this study, we discovered that
the in situ reaction can be performed even in thick films by using microwaves for heat
induction.

Keywords : Photo-alignment; Birefringent film; Liquid crystalline polymer,
Microwave ; N-benzylidenaniline
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1) Uchida, E.; Kawatsuki, N. Macromolecules, 2006, 39, 9357-9364
2) Kawatsuki, N.; Shoji, H.; Yamaguchi, K.; Kondo, M.; Tsubaki, K. Polymer, 2011, 52, 5788-5794
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Photo- allgnment and high blrefrmgence of non-liquid polymer films by photoreaction and
in-situ reaction (' University of Hyogo *Graduate School of Engineering, Nagaoka Unlversz?/
of Technology) ODaigo Katayama', Mizuho Kondo', Moritsugu Sakamoto®, Hiroshi Ono
Nobuhiro Kawatsuki'

Photoalignable liquid crystalline polymers (PLCPs) exhibit molecularly oriented structure
for their own by means of axis-selective photoreaction followed by self-organization, which
is so-called bulk photoalignment. We investigated various types of PLCPs and achieved high
birefringence. In this study, photoalignable polymers consisting of phenylaldehyde with
various spacer lengths were synthesized and introduced 2-Aminofluorene with high
birefringence by in-situ reaction to simultaneously achieve induction of liquid crystallinity
and molecular orientation. The photoreaction yield, in-situ reaction conditions and the effect
of spacer length were examined.

Keywords : Photoalignment, molecular orientation, in situ reaction, birefringence, photo
reaction
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Remoldable Hydrogels Composed of Amino Acids Bearing Vinyl Polymers (' Depart. of Molec.
Chem. & Biochem., Doshisha University, 2Kyoeisha Chemical Co., Ltd,) OMiyu Teramoto,'
Shin-nosuke Nishimura,' Tsuyoshi Ymaguchi,? Naomi Takenaka,” Tomoyuki Koga,'

In recent years, designing multifunctional hydrogels that combine multiple functions into a
single gel has attracted much attention. Among these, multifunctional gels with remoldability
have potential for use as environmentally friendly materials because they can be used
repeatedly. In this study, we designed poly(2-hydroxyethyl methacrylate)(PHEMA)-based
copolymers containing amino acids as a new hydrogel matrix. These copolymers were
synthesized by radical copolymerization of HEMA and newly prepared four types of amino
acid-derived monomers. (Gly, Ala, Val, Leu). The mechanical properties of the hydrogels were
characterized by dynamic viscoelasticity measurement and tensile test. The multifunctional
properties of hydrogel, such as shape memory, self-healing, and remoldability, were also
evaluated.

Keywords : Amino acid, Hydrogel, Poly(2-hydroxyethyl methacrylate), Remoldability, Self-
healing
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Correlation Between Molecular Structure and Gelation Concentration of Injectable Polymers
(! Faclulty of Chemistry, Materials and Bioengineering, Kansai University, >°ORDIST, Kansai
University, SKUMP-RC, Kansai University) O 'Hiroyuki Imai,! Natsumi Sugishima,' Yuki
Syoda,? Nobuo Murase,'? Yuichi Ohya

This study investigated the relationship between molecular structure and the lowest gelation
concentration (LGC) of temperature-responsive biodegradable injectable polymers (IPs). We
have been studying the medical applications of temperature-responsive biodegradable IPs of
block copolymers of PEG and aliphatic polyesters with various molecular architectures. The
hydrophobic/hydrophilic segment ratio can regulate the gelation temperature (7,.1). However,
the main factors determining LGC are unknown. The IP solution must be diluted with drug
solutions or cell suspensions, and the final concentration may fall below the LGC. Preparing a
higher concentration of IP solution before mixing causes a high viscosity and difficulty in
uniform solution. Therefore, IPs that are easy to dissolve and have low LGC are desired.
Previously, we reported a graft-type IP that showed a lower LGC concentration than a triblock-
type IP with a lower molecular weight.” The result suggested that differences in molecular
architectures and molecular weights of IPs can regulate the LGC. Therefore, we synthesized
graft-type IPs with various molecular weights and segment lengths to investigate the effects of
their molecular structures on the LGC.

Keywords : Injectable Polymer; Biodegradable; Hydrogel; Gelation Concentration; Molecular
Architectures
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1) K. Nagahama, A. Takahashi, Y. Ohya, React. Funct. Polym., 2013, 73, 979-985.
2) A.Takahashi, Y. Ohya et al., J. Biomater. Sci. Polym. Ed. 2013, 25, 444-454.
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Development of B-Tricalcium Phosphate-Dispersed Injectable Polymer Formulation for Alveolar
Bone Regeneration ('Faculty of Chemistry, Materials and Bioengineering, Kansai University,
2School of Dentistry, Showa University, SORDIST, Kansai University, ‘KUMP-RC, Kansai
University) O Momoka Tokuoka,! Seigo Ohba,”> Yo Shibata,” Yasutaka Sugamori,> Keijiro
Kojima,? Arina Takada,” Ayaka Kawakami,' Nobuo Murase,’ Yuichi Ohya'*

In this study, we have developed B-tricalcium phosphate (B-TCP)-dispersed biodegradable
temperature-responsive injectable polymer (IP) formulation for alveolar bone regeneration. We
have been investigating medical applications of temperature-responsive IPs forming hydrogels in
response to body temperature when injected into a body." Here, we prepared B-TCP-dispersed IP
formulation for regeneration of alveolar bone defects due to severe periodontal disease or trauma.
B-TCP-dispersed IP solution formed a gel at 32°C and remained in a gel state at 37°C. Degradation
rates of IPs were not changed in the presence or absence of B-TCP. The IP formulations were
injected into the skull defects of mice and evaluated histologically after 4 or 8 weeks to investigate
the effect of bone regeneration.

Keywords: Temperature-Responsive Injectable Polymers, Alveolar Bone Regeneration;
Tricalcium f-Phosphate; Biodegradable Scaffold; Regenerative Medicine
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Fig. 1. Strategic illustration of this study.

1) Y. Ohya, Polym. J. 2019, 51, 997-1005.
2) Y.Yoshida and, Y.Ohya et al., Biomater. Sci., 2017, 5, 1304-1314
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Development of Temperature-Responsive Injectable Polymers Forming Covalent Cross-
linking upon Mixing with Blood (\Faculty of Chemistry, Materials and Bioengineering, Kansai
University, *ORDIST, Kansai University, *KUMP-RC, Kansai University) OHiromi Goto,'
Yuki Miyaji,! Nobuo Murase,” Yuichi Ohya'?

In this study, we developed an injectable polymer (IP) formulation upon mixing with blood for
hemostatic adhesion. Fibrin glue has been used as an instant hemostatic agent for bleeding
spots with suturing difficulty during surgical operations, but its adhesive strength is insufficient.
Cyanoacrylate adhesives have high adhesive strength but are unsuitable as hemostats for wide
areas of soft tissues because of their hardness and slight toxicity. We have been investigating
medical applications of block copolymers of PEG and aliphatic polyesters as temperature-
responsive biodegradable injectable polymers (IPs), which undergo sol-gel transition in
response to temperature increase upon injection into the body.!® In this study, we have
developed IP formulations exhibiting hemostatic activity and tissue adhesion properties using
branched IPs with aldehyde groups at each terminal, forming Schiff’s base bonds with amino
groups on proteins in blood and tissue surfaces.

Keywords :  Injectable Polymers; Hemostatic Agent; Tissue Adhesion, Biodegradable;
Hydrogel
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1) Y. Yoshida, Y. Ohya et al., Polym. J. 2014, 46, 632-635.
2)Y. Ohya, Polym. J. 2019, 51, 997-1005.

3) S. Fujiwara, Y. Ohya, Acta Biomater. 2021, 135, 318-330.
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Preparation of Polymer Micelles Using Thymine-containing Amphiphilic Block Copolymer
and Their ATP-responsive behavior (\Faculty of Chemistry, Materials, and Bioengineering and
2ORDIST, Kansai University) ORyusuke Horai,! Takashi Miyata,'? Akifumi Kawamura'~

Although various kinds of smart micelles that respond to external stimuli have been reported,
there are few reports on the molecule-responsive micelles that respond to a target molecule.
Adenosine triphosphate (ATP) has attracted attention in the biomedical field because ATP
concentrations are different in intracellular and extracellular environments. In this study, a
block copolymer composed of a hydrophilic poly(2-methacryloyloxyethyl phosphorylcholine)
(PMPC) and a hydrophobic poly(thymine acrylate) (PThA) blocks (PMPC-b-PThA) was
synthesized for constructing ATP-responsive systems. Doxorubicin (Dox) was loaded into
PMPC-b-PThA micelles by hydration method. The Dox-release from Dox-loaded PMPC-b-
PThA micelles was enhanced in the presence of ATP. The enhancement of Dox release implied
that the thymine groups in the core of micelles form complexes with ATP by complementary
hydrogen bonding, resulting in the increase in hydrophilicity.

Keywords - Stimuli-responsive micelle; ATP-responsiveness, Self-assembly,; Block copolymer
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Preparation of Unimer Micelle by Electrostatic Interaction (' Graduate School of Engineering,
University of Hyogo) (OKoki Hisatomi,' Yusa Shin-ichi'

Amphiphilic random copolymers sometimes form unimolecular micelles in water, which is
composed of hydrophobic units aggregate with surrounding hydrophilic units. We found that
cationic and anionic units interact via attractive electrostatic interactions, while interactions
between charged and zwitterionic units are considerably weak!. We prepared a ternary random
copolymer (P(T/Sz7//Msg)) using cationic MTAC, anionic MPS, and zwitterionic MPC via
RAFT polymerization. It is expected that P(T/S27/Msp) form micelles in water, with cationic
and anionic units aggregating which is surrounded by zwitterionic MPC units. The
hydrodynamic radius of P(T/S27/Msp) in pure water was smaller than that in NaCl aqueous
solutions. The light scattering intensity in water was higher than that in NaCl aqueous solutions.
These observations suggest the formation of polymer aggregates in pure water by electrostatic
interactions.

Keywords : Unimer Micelle, Random Copolymer, MPC, Electrostatic Interaction, Salt
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1) Shukanta Bhowmik et al., Langmuir 2023, 39, 8120.
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Preparation of Biodegradable Polyion Complex Membranes for Drug Delivery across the
Pericardium (‘Faculty of Chemistry, Materials and Bioengineering, Kansai University,
‘ORDIST, Kansai University, ’)KUMP-RC, Kansai University) OHaruna Horiguchi,' Yamato
Fujita,'! Nobuo Murase,'? Yuichi Ohya'?

In this study, we have prepared polyion complex (PIC) membranes containing drugs for local
delivery across the pericardium. A sudden rise in blood pressure after ischemic heart surgery
can cause stroke or other complications. Angiotensin-converting enzyme (ACE) inhibitors are
often administered orally to prevent these symptoms. However, they must be distributed
outside the target site, increasing the hypotensive effect and possibly causing side effects such
as arrhythmias. Therefore, local drug delivery systems for ACE inhibitors across the
pericardium are desired to reduce the side effects. Polyion complexes (PICs) formed by
electrostatic interaction can form matrices without cross-linking agents and chemical reactions
with drugs possessing reactive groups. Here, we prepared PIC matrices containing ACE
inhibitors by the layer-by-layer method to develop a device that can deliver ACE locally across
the pericardium.

Keywords: Drug Delivery System; Polyion Complex; Angiotensin-converting enzyme
inhibitors; ischemic heart
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Figure 1. Schematic illustration for the concept of this study.
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Development of organic-inorganic hybrid materials based on polytitanoxane and their
photochromism properties (‘kyutech, 2\GMRC, Kyutech) O Yoshiharu Yokoyama', Yoshiaki
Yoshida'*?

Among organic-inorganic hybrid materials, photochromic materials that change color
reversibly in response to specific light have attracted attention, such as light-dimming materials
and light-shielding glass. Previous studies have reported photochromic materials combining
inorganic matrices with organic molecules or dispersing inorganic nanoparticles in organic
polymers. However, there are a few examples of chemical bonding between inorganic
molecules and organic polymers to produce photochromism, and the mechanism is unclear. In
this study, we synthesized macromonomers based on poly(titanium titanoxane) with methacryl
groups as radical polymerizable functional groups. Then, we copolymerized them with various
vinyl monomers to develop organic-inorganic hybrid materials with photochromic properties.
Keywords : Polytitanoxane, organic-inorganic hybrid, photochromism
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Scheme 1. Synthesis and polymerization of macromonomers
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Synthesis of tellurium-containing polymers by ring-opening polyaddition reaction of tellurium
tetrachloride and cyclic ethers and their application to resist materials. ('Graduate School of
Sci. and Eng., Kansai University)

Tellurium element has higher EUV absorption efficiency and it is expected that tellurium-
containing resist material is candidate for novel extreme ultraviolet (EUV) lithography resist
material.

In this time, the polyaddition reaction of TeCls with triepoxide compound (MTPEP) and
trioxetane compound (MTPOX) was performed in CHCls, at 25°C, to give the corresponding
tellurium-containing polymers, poly(MTPEP-co-TeCls) (M, = 2,670, M./M, = 1.12), poly
(MTPOX-co-TeCls) (My = 3,020, M/M,=1.28) in 80% and 82% yields, respectively. When
their thin films were irradiated with UV light, they decomposed rapidly. This suggests that
the poly(MTPEP-co-TeCls) and poly(MTPOX-co-TeCls) would be applicable to a non-
chemically amplified positive resist material. Furthermore, their EUV resist properties are
under now investigation.

Keywords : Organic-inorganic hybrid polymer; Tellurium; Resist materials; EUV; Ring-

opening polyaddition reaction
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poly(MTPOX-co-TeCly) (M, = 3,020, My/M, = 1.28)% 80%33 L TN 82% DULH Tz,
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Synthesis and Properties of Colorless Polyimides Derived from Polyalicyclic Dianhydride,
CpODA (!National Institute of Technology, Hachinohe College, *Tokyo Polytechnic University)
(OTakuya Sato', Yasuaki Kikuchi', Toshihiko Matsumoto'-?

Aromatic polyimides exhibit excellent thermal and electrical properties; however, most of
them are colored yellowish-brown due to charge transfer (CT). Colorless polyimides were
prepared from CpODA, a dianhydride with a polyalicyclic structure, by suppressing the
formation of CT complexes. CpODA and aromatic diamines were polycondensed to give
poly(amic acid)s (PAAs), which were imidized thermally or chemically to produce the
corresponding polyimide films. To prevent gelation during the imidization process, DABA-
based PAAs were imidized using a combined chemical and thermal method. The films
fabricated by this method possessed higher transparency than those made by traditional thermal
imidization. This is due to the acetylation of the amino groups at the ends of the PAA chains
with acetic anhydride, which suppresses the oxidative coloration of the amino groups during
heating and film formation. Additionally, we investigated film fabrication from a chloroform
solution of soluble polyimide, synthesized in one step from aromatic diamine FDA.

Keywords : CpODA, colorless polyimides(CPI), alicyclic polyimides, film fabrication method
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Fig. 1. Synthesis of colorless polyimides from CpODA and aromatic diamines.
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Development of network polydithiourethane with oxyethylene groups applicable to easy
dismantling adhesives (! Kyutech, > GMRC Kyutech, * JST PRESTO) O Honoka
Watanabe', Yoshiaki Yoshida'??

Network polydithiourethane (NPDTU) is synthesized by polyaddition of multifunctional
isothiocyanates and multifunctional thiols. This reaction proceeds at room temperature, and the
resulting cured product shows adhesive properties to substances such as glass. Furthermore,
NPDTU exhibits self-healing properties and recycling behavior based on reversible addition-
dissociation reactions. Since the reversible addition-dissociation reaction of NPDTU is controllable
by temperature, NPDTU is useful as an adhesive that can be dismantled at any time. We have ever
reported that the temperature required for the depolymerization of NPDTU depends on the structure
of the monomer and that NPDTU synthesized with mercaptopropionate derivatives as thiol
monomers can depolymerize at lower temperatures than others. In this study, we synthesized
NPDTU with bismercaptopropionates containing various oligoethylene glycol chains as monomers
and investigated its adhesive strength and disassembly based on depolymerization.
keywords : Polydithiourethane, Self-healing, Chemical recycling, Easily dismantlable adhesive
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Schemel. Synthesis of NPDTU with dithiols containing the oxyethylene structures

R:

1)Y. Yoshida, K. Ohnaka, T. Endo, Macromolecules, 2019, 52, 6080-6087
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pH-Responsive Behavior of Cationic Nanoparticles ('School of Engineering, University of
Hyogo) OKokoro Tsusho,' Shin-ich Yusa'

To reduce the side effects of chemotherapy, the development of drug delivery systems (DDS)
is eagerly anticipated. This study aims to develop pH-responsive nanoparticles that encapsulate
drugs under neutral and release them under acidic conditions, taking advantage of the fact that
the environment around cancer cells has a lower pH compared to normal tissues. pH-responsive
nanoparticles were prepared via soap-free emulsion polymerization (SFEP) using pH-
responsive  2-(diisopropylamino)ethyl methacrylate (DPA), and biocompatible 2-
(methacryloyloxy)ethyl phosphorylcholine (MPC). Dynamic light scattering (DLS)
measurements performed in 0.1 M NaCl solutions revealed that the nanoparticles swelled under
acidic conditions (Rn = 113 nm) and shrank under basic conditions (R, = 69.2 nm). We evaluated
the uptake and release of the hydrophobic fluorescent probe, N-phenyl-1-naphthylamine (PNA).
When the surrounding environment becomes hydrophobic, the fluorescence maximum
wavelength (Amax) shifts to a shorter. In the presence of pH-responsive microparticles, at pH >
6.5, Amax shifted shorter wavelength; however, at pH > 6.5, Amax shifted to a longer wavelength.
Therefore, controlled release of the guest molecule was achieved below pH 6.5.

Keywords : Nanoparticle; Poly(2-Methacryloyloxyethyl Phosphorylcholine); Poly(2-
(Diisopropylamino)ethyl Methacrylate); Soap-Free Emulsion Polymerization
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Figure 1. Conceptual illustrations of pH responsive of PDPA and PDPA nanoparticles.
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2 K 3 Art1ﬁ01al Acylation Catalyst Based on pK, Ad]ustrnent and Peptide Uptake
Utilizing Molecular Recognition by Hydrogel Particles ('Graduate School of Engineering,
Kyushu Univ., *Faculty of Engineering, Kyushu Univ., *Center for Molecular Systems Kyushu
Univ.) OSotaro Tsuji', Yukiko Nagai', Toshikazu Ono'?, Hisashi Shimakoshi2, Yu Hoshino'**

Protein acylation represents a critical post-translational modification, playing a pivotal role in
the regulation of gene expression and metabolic pathways. Dysregulation of acylation reactions
has been implicated in the pathogenesis of cancer and neurodegenerative disorders, positioning
it as a compelling therapeutic target. Hydrogel nanoparticles (GNPs) with uniform monomer
sequences have been shown to specifically recognize and bind to the sequence of melittin, a
cationic peptide, by forming internal hydrophobic cavities that destabilize ions and modulate
the pK, of amino groups. In this study, random-sequence hydrogel nanoparticles (GNPs) were
synthesized through radical polymerization and employed in acetylation reactions involving
melittin and the acetylating reagent 4-nitrophenyl acetate. The findings reveal that the
monomer composition of the GNPs significantly influences the acetylation efficiency of
melittin.

Keywords : Hydrogel, Molecular recognition, Artificial catalyst, Enzyme, Nanoparticles
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1) Y. Hoshino et.al., Angew. Chem. Int. Ed. 2022, 61, €202206456
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Design of polymers forming copper complexes toward regulating the catalytic activity and
evaluation of the cytotoxicity. (' Faculty of Life Science, Toyo University) OTiancheng Wang,
Shigehito Osawa

Copper ions are essential for living organisms and play a central role in the catalytic
decomposition of hydrogen peroxide, a process akin to the Fenton reaction that generates
highly reactive hydroxyl radicals inducing cell death. However, if controlled, this process has
potential for the design of therapeutic agents, including antibacterial and anticancer drugs.
Multinuclear copper intermediates play a key role in the catalytic reaction with hydrogen
peroxide. It is hypothesized that restricting the diffusion of copper complexes within polymer
chain conformations can create a localized concentration of these intermediates, thereby
enhancing catalytic activity.[1] In this study, we hypothesize that regulating the spatial
arrangement of copper complexes can modulate their catalytic activity. To test this, we
designed polymers incorporating dipicolylamide moieties, i.e., metal-ligand coordination
sites, and carboxyl groups, i.e., hydrophilic functionalities, in varying ratios. The catalytic
activity and cytotoxicity of the resulting metal complexes are evaluated.

Keywords : Copper Complex Molecules
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Figure 1. Synthesis of ligand polymers in this study
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[1] S. Osawa et al., Macromol. Rapid Commun., 2021, 42(16), 2100274.
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Fabrication of silica materials using linear polyamines with ordered sequence structures
(Mnstitute of Advanced Materials and Engineering, Kyushu University)
OHiroyuki Matsukizono'

Long-chain polyamines which are founded in silica shell walls in diatoms and marine
sponges are considered to play an important role for biosilicification. Although the aggregates
formed by amines and phosphates are likely to serve as templates, the detailed mechanism is
poorly unrevealed. These polyamines in nature are composed of ordered sequences and thus,
the investigation deeply the structural effect on silica deposition properties is important. To this
purpose, we developed the synthetic route to linear polyamines with various structures from
conventional amines and investigated their template properties for silica depositions.
Interestingly, the polyamine composed of di(ethyleneimine)-di(trimethyleneimine) sequential
unit afforded fibrous silica composites in the presence of large amounts of phosphate ion.
Keywords: Polyamine; Linear polyamine; long-chain polyamine; silica
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Fig. 1 a) Chemical structures of polyamines with ordered unit structures. b, ¢) SEM images of silica-
polyamine composites formed in 0.1 M acetate buffer (pH 5.5) with PI-2-2-3-3 (10 unit mM) and b)
20 mM or ¢) 100 mM phosphate ions. Tetramethyl orthosilicate was hydrolyzed with 1 mM HCI aq.
at rt. for 60 min and then used as silica source. Silica deposition reaction: rt. 20 min.

[1] M. Maslov et al., Molecules 2021, 26, 6579. [2] M. Sumper et al., Science 1999, 286, 1129.
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Dielectric properties of self-assembled amphiphilic block polypeptides
(Faculty of Education, Nara University of Education) Yuki Ueda,! OHirotaka Uji'

Amphiphilic block polypeptides of AB-type (hydrophilic A block: poly(sarcosine),
hydrophobic B block: (Leu-Aib)n) were prepared. The amphiphilic polymers were successfully
dispersed and assembled in aqueous medium. Dielectric properties of these molecular
assemblies were analyzed.

Keywords : Amphiphilic block polypeptide
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1) H. Uji, T. Morita, S. Kimura. Molecular direction dependence of single-molecule conductance of a
helical peptide in molecular junction. Phys. Chem. Chem. Phys. 2013, 15, 757-760.
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Structural optimization of estrogen-immobilized polyphosphodiesters for their inhibitory
capacity on bone resorption ('Graduate School of Science and Engineering, 2Faculty of
Chemistry, Materials and Bioengineering, *ORDIST, Kansai University)

(OSayako Takai', Yota Okuno®?, Yasuhiko Iwasaki*?

Estrogen plays an important role in regulating bone metabolism such as inhibition osteoclast
differentiation?. Estrogen replacement therapy can help to prevent osteoporosis. However,
estrogen causes various side effects due to their nonspecific interaction with other tissues. The
purpose of this study is to optimize molecular structure of estradiol (E,)-immobilized
polyphosphodiesters (E;-PEP-Na) showing bone affinity and inhibitory capacity on bone
resorption. Bone marrow mononuclear cells were isolated and cultured in differentiation
medium containing appropriate amount of E>-PEP-Na. Morphological observation and gene
expression analysis of osteoclast markers were performed. Regardless of polymerization
degree of E,-PEP-Na, osteoclast formation and gene expression of osteoclast markers were
effectively reduced in contact with E>-PEP-Na. When fluorescence modified E,-PEP-Na was
injected ovariectomized (OVX) mice, E,-PEP-Nal50 preferentially accumulated in a bone
tissue compared with E>-PEP-NalO as shown in Figure. Then, the affinity of E,-PEP-Na
increase with the degree of polymerization of polyphosphodiesters.

Keywords : Polyphosphoester, Osteoporosis, Osteoclast, Polymeric drugs, Estrogen
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1) S.Srivastava et al., JBC, 2001, 276, 12, 8836
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