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Synthesis of copolymers with sulfobetaine and pH and metal ion responsive moieties as side
chains and their characterization in aqueous solutions (Graduate School of Systems

Engineering, Wakayama University' « Faculty of Systems Engineering, Wakayama University’)
ORina Sakai', Hideji Osuga'??, Hidefumi Sakamoto'-?

Polysulfobetaine (PSB) has temperature responsiveness in aqueous solution, which is the
upper critical solution temperature (UCST). On the other hand, monoazacrown is expected to
control water solubility by protonation on the nitrogen atom in the ring and complexation with
metal ions. That is, increase of water solubility of the copolymer is expected due to protonation
of the nitrogen atom in the crown ring below pKa and complex formation between the crown
ether moiety and the metal ion. In this study, copolymers (P(SB--18C6)) of methacrylates of
sulfobetaine and monoaza-18-crown-6 were synthesized and the effects of pH and the type and
concentration of metal ions on UCST were investigated with transmittance measurement. Metal
ion responsiveness of UCST was observed for PSB, independent of the copolymer with
monoaza-18-crown-6. And then, the effects of type and concentration of metal ions on UCST
of PSB and the copolymers were compared.

Keywords : Sulfobetaine; Upper Critical Solution Temperature;, Monoaza-crown Ether;
Copolymer, Metal lon
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Synthesis of Cross-Linked Polycarbonates via the Terpolymerization of CO,, Epoxide, and
Diepoxide (Graduate School of Environment, Life, Natural Science and Technology, Okayama
University) Chihiro Maeda, OKaito Niki, Kenta Kawabata, Yuma Sako, Takumi Okihara,
Kazuto Takaishi, Tadashi Ema

Recently, terpolymers have been synthesized from CO,, epoxides, and different comonomers
to control the physical property of polycarbonates. In this study, we synthesized cross-linked
polycarbonates (CLPs) via the terpolymerization of CO,, cyclohexene oxide (CHO), and
bis(CHO)s using bifunctional Al porphyrin catalysts and investigated the thermal and
mechanical properties. We successfully obtained large molecular weight CLPs by using small
amount of bis(CHO) without the loss of high CO, content (31 wt%). TGA and DSC
measurements revealed that CLPs showed higher thermal stability than linear
poly(cyclohexene carbonate) (PCHC). The degradation of CLPs was also investigated, and the
selective cleavage of the cross-links was achieved by UV light irradiation.

Keywords : Bifunctional Al Porphyrin Catalyst; Carbon Dioxide; Terpolymerization; Cross-
Linked Polycarbonate
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1) Deng, J.; Ratanasak, M.; Sako, Y.; Tokuda, H.; Maeda, C.; Hasegawa, J.; Nozaki, K.; Ema, T.
Chem. Sci. 2020, 11, 5669.
2) Maeda, C.; Kawabata, K.; Niki, K.; Sako, Y.; Okihara, T.; Ema, T. Polym. Chem. 2023, 14, 4338.
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2« R J& #fi#f ! Synthesis and Physical Properties of a Li-ion Conductive Sulfonated Polyimide
Using a Regioselective Isomer of Naphthalene Tetracarboxylic Anhydride (! Japan Advanced
Institute of Science and Technology, * Faculty of Engineering, Shinshu University) O Yuki
Yamaguchi,' Kentaro Aoki,' Seiya Ikuta,' Nobuyuki Zettsu,? Yuki Nagao'

Alkyl sulfonated polyimide (ASPI) is an amphiphilic polyelectrolyte composed of
hydrophobic polyimide backbone and hydrophilic sulfonic acid group. H- and Li-type ASPIs
exhibited lyotropic liquid crystallinity upon humidification, leading to the high ion
conductivity with improved structural periodicity.! » Here, we synthesized a novel ASPI
analogue (ASPI-16-Li, Fig. 1) and measured Li ion conductivity, water content, and periodic
structure of its thin film. Moreover, the effect of molecular structure of polyimide backbone on
physical properties was examined by comparison with ASPI-1-Li. ASPI-16-Li and ASPI-1-Li
showed comparable Li ion conductivity and water uptake (Fig. 1), but the difference in the
periodicity of the in-plane direction was observed from grazing-incidence X-ray scattering.

Keywords: Li-ion Conduction, lon-conductive Polymers; Lyotropic Liquid Crystalline
Property; Polymer Electrolyte
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Interfacial structure of sulfonated polyimide thin film using neutron reflectometry ('JAIST,
2Kyoto Univ., 3CROSS, *JAEA, SKEK, ®Shinshu Univ., "Rikkyo Univ., $Nagoya Inst. Tech.) Yuki
Nagao!, Kentaro Aoki!, Seiya Ikuta', Tsukasa Miyazaki?, Noboru Miyata®, Hiroyuki Aoki*?,
Attila Taborosi®, Michihisa Koyama®, Shusaku Nagano’, Katsuhiro Yamamoto®

The Li ion exchanged sulfonated polyimide (1, Fig. 1) with lyotropic liquid crystallinity,
when coated on the cathode material of lithium-ion batteries, enhances the discharge rate
performance.” Results suggest that at the cathode material interface, concentration
overpotential could be suppressed due to the concentrated Li ion at the interface. In this study,
to clarify this interfacial structure, ultrathin film of the polymer 1 was spin-coated onto a CaF,
substrate and its interfacial structure was examined using neutron reflectometry (Fig. 2) and
atomic force microscopy. The results revealed that the film density was not uniform in the depth
direction, and that an interfacial layer with a thickness of 2 to 5 nm with varying density was
necessary on the substrate surface. This different density could be derived by the continuity of
the liquid crystalline property.

Keywords : Li-ion Battery,; lon-conductive Polymers, Lyotropic Liquid Crystalline Property;
Organized Structure; Universal Neural Network Potential (uNNP)
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Self-assembly of Nanographenes with hydrogen bonding sites (' Graduate School of Advanced
Science and Engineering, Hiroshima University, *International Institute of sustainability with
Knottelcg Chiral Meta Matter (WPI-SKCM?)) OHaruka Moriguchi,' Ryo Sekiya,' Takeharu
Haino™

Non-covalent interactions such as hydrogen bonding and n-m interactions are the driving
force for the formation of ordered molecular assemblies. These assemblies are expected to
exhibit unique morphologies and functions. Previously, we reported self-assembly of
nanographenes driven by interactions between their basal plane. ! In this study, we developed
nanographenes carrying urea-containing organic substituents on the edge (NG1) to regulate
their supramolecular structures (Fig. 1a).

We observed the assembled structures of NG1 in benzene using atomic force microscopy
(AFM). The uniform supramolecular polymers with a height of 2.48 + 0.13 nm were observed
(Fig. 1b). The formations of these unique structures would be driven by the synergistic effects
of n-w interactions and intermolecular NH-O hydrogen bonding.

Keywords : Nanographenes, Self-assembly, graphene, hydrogen bond, gel
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[1] Ikuya Matsumoto, Ryo Sekiya, and Takeharu Haino, Angew. Chem. Int. Ed., 2021, 60, 12706-12711.
[2] Haruka Moriguchi, Ryo Sekiya, and Takeharu Haino, Small, 2023, 19, 2207475.
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Fatigue Suppression in Cyclic Bending Using Tri-layered Polyethylene Terephthalate Films

(Lab. for Chem. & Life Sci., Tokyo Tech) OHinako Yamashita, Yusho Kishimoto, Kyohei
Hisano, Atsushi Shishido

In recent years, the development of flexible devices has garnered significant research interest.
Designing substrates for these devices requires controlling surface strain and improving
durability against cyclic bending. Amongst various approaches to suppress surface strain, our
group has utilized a tri-layered film consisting of two hard layers and a softer intermediate layer
between them. This study focused on the cyclic bending behavior of such a tri-layered PET
film. We designed a specialized bending fatigue tester to reveal fatigue behavior during cyclic
bending. Cyclic bending tests were performed on both monolayer and tri-layered PET films.
We evaluated changes in the film's radius of curvature during cyclic bending and investigated

the fatigue behavior.
Keywords: Polymer film; Flexible device; Bending; Fatigue
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1) J. H. Koo, D. C. Kim, H. J. Shim, T.-H. Kim, D.-H. Kim, Adv. Funct. Mater. 2018, 28, 1801834. 2)
T.-W. Kim, J.-S. Lee, Y.-C. Kim, B.-J. Kim, Materials 2019, 12, 2490. 3) Y. Zhang, P. Huang, J. Guo, R.
Shi, W. Hung, Z. Shi, L. Wu, F. Zang, L. Gao, C. Li, X. Zang, J. Xu, H. Zhang, Adv. Mater. 2020, 32,
2001082. 4) M. Kishino, K. Matsumoto, Y. Kobayashi, R. Taguchi, N. Akamatsu, A. Shishido, Int. J.

Fatigue. 2023, 166, 107230. 5) M. Kishino, K. Hisano, Y. Kishimoto, R. Taguchi, A. Shishido, J. Phys.
Chem. C. 2023, 127, 14510.
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Creation of Polymer Nanostructures by Living Coordination Block Copolymerization of
Allenes through PISA Process and Their Applications to Superhydrophobic Surface Coatings
(School of Materials and Chemical Technology, Tokyo Institute of Technology) OLin Yang,
Yidan Cheng, Ryoyu Hifumi, Ikuyoshi Tomita

Superhydrophobic coatings have been used widely in a variety of applications, for which the
lack of durability of superhydrophobic surfaces is one important issue to overcome. Recently,
we have reported the synthesis of cross-linked nanostructured materials with fluorous corona
segments by living diblock copolymerization, whose physical coating onto the glass substrate
formed a superhydrophobic surface.'

Herein, superhydrophobic cross-linked polymer nanostructures having perfluoroalkyl
segments and silane coupling sites have been created by the living coordination triblock
copolymerization of allenes through the polymerization-induced self-assembly process. The
polymer nanostructures were subjected to a spray coating onto glass substrates to produce
superhydrophobic coatings. The subsequent hydrolysis and condensation of silane coupling
sites were performed to alter the surface stability through chemical bond formation. The studies
on superhydrophobicity and durability of the surface will also be described.

Keywords : Polymer, Superhydrophobicity, Allene; Nanostructure, Living Polymerization
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1) Y. Cheng, T. Wakiya, R. Hifumi, S. Inagi, I. Tomita, Polymer, in press.
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Hierarchical Macro-/Microphase-Separated Structure Formation via Controlled UV
curing Using Polymer Domant with C-I Endgroups (Dept of Applied Chem., Waseda
Univ.)

(OHonoka Fumoto, Shuhei Abe, Ayane Mochizuki, Kenichi Oyaizu, Takeo Suga

Photo-active polymeric dormants with terminal C-I groups were synthesized by iodine-
mediated controlled radical polymerization and utilized for controlled UV curing with
homopolymers without C-I End-groups. The obtained coating shows a hierarchical
structure with macro- and micro-phase separated domains. The domain size was tunable
with crosslinking rate and catalytic cycle conditions.

Keywords : Controlled Radical Polymerization; Photo Curing; Polymeric Dormant;

Microphase-separation
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Figure Controlled Photo-Cured coatings with co-continuous macro:"a.‘u '
/micro-phase separation.
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Selective Incorporation of Inorganic Nanoparticles into
Bicontinuous Microdomains via Controlled UV-curing

(Department of Applied Chemistry, Waseda University) O William Alexander Budiman,
Ayane Mochizuki, Kenichi Oyaizu, Takeo Suga

Keywords: Controlled Radical Polymerization; Photopolymerization; Polymeric Dormant;
Hybrid Material; Microphase-separation

Photo-controlled radical polymerization using polymer dormants with carbon-iodine (C-
I) terminals has enabled the formation of a bicontinuous microphase-separated nanodomain
accompanying the formation of block copolymers. An organic-inorganic hybrid cured film
consisting of a glycidyl-containing polymer dormant agent (PGMA-BA-I) and inorganic
particles (zirconia nanoparticles, 20 nm in diameter) were prepared via photopolymerization.
The selective distribution of inorganic particles in the epoxy domain with gradient
nanostructure was investigated.

PGMA-BA-1 (M, = 4,700, M,/M, = 1.22), synthesized through iodine-mediated
controlled radical polymerization, was dissolved in an acrylate monomer, with the addition of
zirconia dispersion, was UV-cured with a crosslinker trimethylolpropane and photocatalysts
triphenyl phosphine (PPhs) or 10-phenylphenothiazine (PTH). Cross-sectional transmission
electron microscope (TEM) images of the obtained coatings revealed that a gradient
nanostructure morphology of zirconia particles within nanodomains was achieved using low
equivalent amounts of photocatalyst. The type of photocatalyst (PPhs or PTH) was changed
and the structures were examined. We revealed the selective incorporation of zirconia
nanoparticles within the bicontinuous epoxy domains.

| (a) UV curing mechanism with gradient structure

Selective distribution of zirconia

O O nanoparticles on glycidyl domains
0 O High amount of g YT
) Zirconia Nanoparticles e K ﬁ ool
%%%&2 ' : "3‘5“ o ¥
O : % i w Low amount of
zirconia nanoparticles
PGMA-BA-I
Figure 1. Structure Figure 2. (a) Diagram and (b) cross-sectional TEM phase image
of PGMA-BA-I of the UV-cured coating with gradient structure.
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Design of Telechelic Brush-type Polymers with Terminal Functional Groups (Dept. of Applied
Chem., Waseda Univ.) oYoshihiro Terao, Ryusuke KISHIDA, Kenichi OYAIZU, Takeo SUGA

Polymers with dynamic covalent bonding have attracted much attention due to their self-
healing, recyclable, shape memory properties. Here we design telechelic polymers with
anthracene at both ends for reversible Diels-Alder chain extension reaction. lodine-mediated
controlled radical polymerization from bifunctional monomers gave poly(alkyl acrylate)s with
C-I endgroups, and C-I endgroup was further transformed to anthracene moiety by disulfide
radical exchange reaction.

Keywords - Brush Polymers, Telechelic Polymer, disulfide, Diels-Alder reaction
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Modification of carbohydrate-based aliphatic polycarbonates by additives and its recycle
system (‘Faculty of Engineering, Chiba University, *Graduate School of Engineering, Chiba
University) OShunsuke Fujimata,' Tatsuo Taniguchi,? Takashi Karatsu,? Daisuke Aoki?

Commodity polymers are now required to be environmentally friendly due to the resource
depletion and low recycling rates of plastics, which has promoted the development of circular
material systems. To solve the plastic conundrum, we need to develop novel "circular” systems,
in which new value is provided to current system.

We have demonstrated a polymer recycling system where polycarbonate made of isosorbide
(PIC), a sugar-derived diol, is decomposed into monomers and urea by ammonia water, which
can be directly used as the fertilizer after use. In this study, aiming to modify the physical
properties of PIC, novel plasticizers which can be decomposed by ammonia water and used as
the fertilizer in a similar manner with PIC, were synthesized. The physical properties and
recycling characteristics of PICs with the plasticizers were characterized.

Keywords : Recycle; Polycarbonate,; Isosorbide; Ammonia; Urea,; Fertilizer,; Plasticizer
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1) T. Abe, R. Takashima, T. Kamiya, C. P. Foong, K. Numata, D. Aoki and H. Otsuka,
Green Chem., 2021, 23, 9030.

© The Chemical Society of Japan -D342-2am-11 -



D342-2am-12 The 104th CSJ Annual Meeting

Design of highly selective PDMS membranes for CO, separation
(\International Institute for Carbon-neutral Energy Research, Kyushu University)
OAleksandar Ataykov,' Shigenori Fujikawa'

Keywords: DFT; PDMS; gas separation membranes; CO, separation

We employ density functional theory to investigate the binding interaction between
polydimethylsiloxane (PDMS) and CO; for application in gas separation membranes.' The
binding strength has been studied systematically as a function of the monomer conformational
rotations in the polymer chain. Our work identified major differences between the
COqinteraction with the helical conformation and the linear conformation of
polydimethylsiloxane polymer chains (Figure 1). We have further estimated dependence
between the CO; binding strength and the polydimethylsiloxane polymer chain curvature by
systematically evaluating the CO; binding to cyclic polydimethylsiloxane oligomers. The
enhanced CO; interaction with helical chains and cyclic oligomers was attributed to
cooperative, confinement effects, and local electron density distribution at the Si—O-Si
fragments. The binding modes were identified using vibration frequency analysis. We propose
computational mutation approach for PDMS modifications which leads to the design of novel
polymers with enhanced CO, separation properties. We identify a set of rules for the chemical
modification based on polymer structure and electronic states. Our work is used as the
foundation of a machine learning algorithm for automatized polymer discovery.

\?)’»;5\ Helical PDMS o od B Linear PDMS

Figure 1: Optimized geometry of helical and linear PDMS.

1) A. Vaishnav, S. Fujikawa, A. Staykov, Chem. J. Phys. Chem. A 2023, 127, 4, 876.
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Investigation of applicability of five-membered cyclic carbonate structure for toughening
polyolefins ('Yamagata University) (OHana Koizumi ', Bungo Ochiai !

Ionomers are effective in toughening polyolefins by introducing a trace amount of ionic structure
to make them ionomers. However, the ionic structures in ionomers reduce insulation and water
resistance. To solve this problem, we focused on the cyclic carbonate structure, which is expected
to serve as a physical cross-linking point due to strong dipole-dipole interactions. Therefore, we
investigated the self-assembly behavior of cyclic carbonates with C12 and 16 long-chain alkyl
groups in long-chain alkanes as a model system. Both cyclic carbonate compounds aggregated in
the alkanes. The IR spectroscopic analysis showed that the aggregation became stronger in a
concentration-dependent manner, and the aggregation existed even at 0.5 wt%. Low concentrations
of the carbonates around 1% promoted crystallization of the alkanes. We also report the result of
the introduction of the cyclic carbonates into polyethylene based on this model system.

Keywords * Five-membered Cyclic Carbonate,; Physical Cross-linking; Dipole-dipole Interaction;
Polyolefin,; lonomer
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- . Normalized FTIR spectra (C=0 region) of C12 carbonate (0.5, 1, 3, 5, 10, 20, 30, 40,
4-hexadecyl-1,3-dioxolan-2-one 50, 60 w1%) in dodecane and pristine C12 carbonate (100 wt%)
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Development of X-ray shielding transparent materials by copolymerization of bismuth
carboxylate polymers containing polymerizable functional groups and vinyl monomers
(‘Yamagata Univ., *Mitsubishi Gas Chemical. Co. Inc., *Osaka Inst. Tech.) ORyo Kamiya,'
Hiroyasu Tanaka,” Hideki Ueda,’ Kazuyoshi Uera,” Kikuo Furukawa,” Yoshio Nishimura,’
Yoshimasa Matsumura,’ Bungo Ochiai'

We have previously reported the synthesis of polymers with Bi carboxylate structures by
controlling the cycloaddition and intermolecular condensation of BiPh; and dicarboxylic acids.
In this work, we report the preparation and properties of copolymers of Bi carboxylate
polymers bearing itaconate moieties with vinyl monomers. The Bi prepolymers were prepared
in situ in vinyl monomers, and the mixtures were cured by photo or thermal polymerization.
The refractive indice and X-ray shielding properties of the copolymers increased with
increasing Bi content, up to np = 1.57 and 0.82 in Al equivalent, respectively.

Keywords : Bismuth; Oraganic-inorganic hybrid; Copolymerzation; Optical properties; X-ray
shielding
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' B. Ochiai, et al., ACS Appl. Polym. Mater., 2021, 3, 4419. > R. Kamiya, et al., Polym. Prep. Jpn, 2023, 72, 1Pc019.
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