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Ion conductivity and organized structure of a novel sulfonated polyimide using fluorine-
containing diphthalic anhydride (‘Japan Advanced Institute of Science and Technology, *Institute
for Aqua-Regeneration, Shinshu University) oHaotian Feng,' Kentaro Aoki,'! Nobuyuki Zettsu,?
Yuki Nagao!

Alkyl sulfonated polyimides form a lamellar structure derived from their lyotropic liquid
crystallinities, leading to the high ionic conductivity under high humidity.'Inspired by the
introduction of fluorine to improve the heat, oxidation, and chemical resistance of polymers, ? in
this study we synthesized a new lithium-ion conductive alkyl sulfonated polyimide (1, Figure 1)
and investigated its physical properties. AC impedance spectroscopy of ca. 500 nm thickness thin
film of 1 revealed that the lithium-ion conductivity improved with humidification, reaching on
the order of 102 S/cm at 298 K and 95% relative humidity (Figure 2). Furthermore, from variable-
humidity grazing incidence X-ray scattering measurements, we found that an isotropic scattering
was observed at a relative humidity of 70% or higher, and that this scattering intensity increased
with humidification (Figure 3).
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Anisotropically transformable gels reflecting anisotropic interpenetrating structure of
isoreticular metal-organic frameworks ('Graduate School of Engineering, Toyota
Technological Institute, *Faculty of Engineering, Toyota Technological Institute) O Sosuke
Kamiura,' Shizuka Anan,? Kenta Kokado?

Recently, anisotropically transformable materials have been attracting much attention for
artificial muscles. Our group reported anisotropic transformable gels through crystal cross-
linking of metal-organic frameworks (MOFs) with anisotropic arrangement of two types of
organic ligands. Crystal cross-linking is a method to synthesize polymer gels which reflect the
regularity of organic ligands immobilized in MOFs. In this research, we synthesized polymer
gels by crystal cross-linking of an isoreticular MOF composed of one type of organic ligand
which has anisotropic interpenetrating arrangement. The resulting polymer gels transformed
anisotropically.

Keywords : Anisotropic transformation; Polymer gel; Metal-organic framework; Crystal cross-
linking method, Interpenetrating structure
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Figure 1. (a) Synthesis of anisotropically transformable gels by crystal cross-linking of AZIRMOF-9.

(b) Microscopic images of the anisotropic transformation of Azbp(CN3) to AzbpGel.

1) Ishiwata, T.; Kokado, K.; Sada, K. Angew. Chem. Int. Ed. 2017, 56, 2608.

2) Ishiwata, T.; Michibata, A.; Kokado, K.; Ferlay, S.; Hosseini, M. W.; Sada, K. Chem. Commun. 2018,
54,1437.
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Synthesis of Topological Gels Using 3-Dimensional Mesh-Like Structures Consisting of
Poly(N-isopropylacrylamide) (! Faculty of Chemistry Materials and Bioengineering, Kansai
University, *ORDIST, Kansai University, *)KUMP-RC, Kansai University) OKoya Ichikawa,'
Yamato Fujita,! Nobuo Murase,’ Yuichi Ohya'-

In this study, we have synthesized a topological hydrogel using water-soluble 3-dimensional
(3D) mesh-like structures (molecular nets, MNs) consisting of poly(/N-isopropylacrylamide)
(PNIPA Am) with ultra-high-molecular-weight as physically restrictive cross-linking. Recently,
we synthesized soluble 3D mesh-like MNs using 4-arm PEG derivatives (4-arm PEG-NH» and
4-arm PEG-OSu). Then, we succeeded in synthesizing topological gels by polymerizing a
second monomer (NIPAAm) in the presence of MN (penetrate polymerization). The
topological gels (MN gels) with movable cross-links showed unique physical properties. One
of the advantages of this preparative method is that monomers for MN and 2nd monomer can
be almost freely selected. In this study, we chose temperature-responsive PNIPAAM for
synthesizing MN (PNIPAAm-Net) and synthesized a topological gel (NP-MN gel) using the
obtained PNIPAAm-Net and penetrating polymerization of N,N-dimethylacrylamide. The
PNIPAAm-Net can shrink upon heating above its lower-critical solution temperature (LCST),
making the physical constraint of cross-links stronger, and the obtained NP-MN gel is expected
to show a drastic change in the mechanical properties in response to temperature increase.
Keywords : Topological Gel; Molecular Net, Poly(N-isopropylacrylamide); Lower Critical
Solution Temperature
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1) Y. Ohya et al., Angew. Chem. Int. Ed. 2024, ¢202317045.
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Development of N-alkylated nylon degradable by chemical stimuli ('Sch. of Sci., Hokkaido
Univ., *Grad. Sch. of Chem. Sci. and Eng., Hokkaido Univ.,*Fac. of Sci., Hokkaido Univ.)

O Shintaro Tsuchisaki,! Masanori Miyoshi,> Akari Sugano,’Keitaro Matsuoka,*Kazuki
Sada,>?

In recent years, degradable polymers with cleavable functional groups into the main chain
have been attracting attention in consideration of environmental pollution and ecological
impact. We recently reported N-alkylated nylon as a novel class of hydrophilic polymers, which
is prepared by polycondensation of diamine and dicarboxylic acid derivative monomers. By
tuning the hydrophilic/hydrophobic balance of N-alkylated nylons, we achieved LCST-type
phase separation in water. In addition, on-demand degradation of the polymer under the acidic
conditions was accomplished via the hydrolysis of the amide group in the main chain.

In this study, we report the development of N-alkylated nylons containing a disulfide bond
enabling dual degradability of the polymer chain by a reducing agent or an acidic aqueous
solution as chemical stimuli. We prepared the polymer by the polycondensation of 3,3-
dithiodipropionic acid and N, N’ -dimethylethylenediamine, and the cleavage of the main chain
was observed under the reductive conditions. However, this polymer was practically soluble in
water due to increased hydrophobicity of S-S bond in the polymer chain. Then, we adjusted the
hydrophilic/hydrophobic balance of the polymer required for LCST phase separation by
copolymerizing with a dicarboxylic acid having an ether bond, a hydrophilic functional group,
and the LCST-type phase separation in water was achieved.

Keywords : Nylon; Thermo-responsive polymer; Disulfide bond,; Reductive degradation; LCST
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Figure 1 Molecular design this work
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Elucidation of UCST/LCST phase separation switching of hydrogen bonding polymers in
binary mixed solvents (‘Faculty of Science, and *Graduate School of Chemical Sciences and
Engineering, Hokkaido University) OKazuki Sada'? Koki Takasu®, Natsuki Inaba’, Keitaro
Matsuoka'?, Takuro Tsutsumi'*

In this presentation, we demonstrate the switching of UCST/LCST phase separations of
poly(hydroxyethyl methacrylate) (PHEMA) in binary solvent mixtures of alcohols and less-
polar organic solvents by varying the mixing ratios. The phase diagram revealed that UCST-
type phase separation occurred at higher mixing ratios, while LCST-type separation occurred
at lower. These phenomena arise from the formation and dissociation of hydrogen bonds
between the hydroxyl groups of PHEMA and the alcohol in the solvent mixtures, as well as the
cosolvent effect. We further investigated molecular dynamics simulations of PHEMA in the
solvent mixtures to analyze the interactions between them.

Keywords : thermo-responsive polymers, lower critical solution temperature, upper critical
solution temperature, mixed solvent, co-solvency

PHEMA (K) (X227 VAfE2-e Fuxs T FN)) (3KEEZ S OHEA 48
KPEES T L LT RS SN TE 72, bubiudlZ OF s 7+ oMEBIEEE L 71
a— b & OIRA TR C R IR A AR (LCST) A B2 R 3 2 & Z23E L T»
B[1]e RERTIE TV a— L ZKBEMBAEERBEL L, R4 B L ORAICET 5
PHEMA O BEZE 28R ET 5, WEHROMAGOE LEALERITKFELE
UCST/LCST M3 BED A A » F o ZITHEHR L, FEBRE MD v 1 a2 L —v a Y OR5E»

5 ZOBREOMAE AIET, .
RAVEN % v C PHEMA &K % F 8 80 1 .

L. 2 DRAHHEZZ{L S 4. -60~100°C 2, | et

D IREEFERIC 3\ M EE R R IC g 24, 1Rzg:)sne oL
Wt L7z, 73— e KRR R é _22 ? /
AEZTIE. TLa—LORASHRRAZ :;g‘ %AZ Phase

WG, UCST BUFEBED A UL KA 0 02 04 06 08 1
RIHD R A E A A & LS. LOST ~OH Molar fraction of DCE ="
FHAOBER A Uz, IRAEHFRIC X 2o T mtEodiicd 5, PROEAKETIX
TERIAETIRDTAAE L. BRI TERL X 172, PHEMA DIKEREL & mﬁ;‘i@ ToLa
— NV DOKFEREGDOIEK ERREIC XV EL b D EFEZ LN,

1) Inaba, N. et al., Mol. Syst. Des. Eng., 2023, 8, 79; Polym. Chem. 2024, 15,2354,
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Graded Nanosdomain Formation via Controlled UV curing in Combination with
Polymer Additives and Nanoparticles (Dept. of Applied Chem., Waseda Univ.)
OChinatsu Takei, Honoka Fumoto, Kenichi Oyaizu, Takeo Suga

Photo-active polymer dormant with terminal C-I groups was synthesized by iodine-
mediated controlled radical polymerization. Both the obtained polymer dormant and
the corresponding homopolymer without C-I endgroup were applied to controlled UV
curing to form a nanostructured coating with the graded composition distribution.
Inorganic nanoparticles were also utilized to prepare an organic-inorganic hybrid
coating with a gradient structure.

Keywords : Controlled Radical Polymerization; Photo-Curing; Polymeric Dormant;
Hybrid Material;, Microphase separation
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Figure. Photo-cured hybrid coating with graded nanostructure.
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Tuning Interfacial Properties of Copolymers Bearing Poly(phenylene sulfide) and
Catechol-containing Units: Their Structure-Adhesiveness Relationships (Dept. of
Applied Chem., Waseda Univ.) O Yugo Tosaki, Yuki Yoshida, Seigo Watanabe, Kenichi
Oyaizu

Poly(phenylene sulfide) (PPS) and its derivatives were synthesized through the oxidative
polymerization of diphenyl disulfide. Based on their reactive side chains and interchain
disulfide bonds, post-polymerization modification of PPS derivatives enables facile chemical
modification for diverse application.” In this study, several methyl-substituted PPS were
copolymerized with catechol-containing vinyl monomers to adjust surface properties including
adhesiveness.

Block copolymers P1-P3 consisting of the methyl-substituted PPS and either poly(4-vinyl
catechol) (PVCa) or poly(dopamine acrylamide) (PDA) units were synthesized by the
photoradical copolymerization from the terminus of PPS derivatives, following the side-chain
deprotection (Scheme). The cross-cut and tensile tests demonstrated good adhesiveness of the
block copolymers to various hydrophilic substrate surfaces. Relationships between the
copolymer structure and the adhesive properties will also be discussed.

Keywords : Block Copolymer; Poly(phenylene sulfide); Catechol; Adhesion
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1) S. Watanabe, K. Oyaizu, ACS Appl. Polym. Mater. 2021, 3, 4495.
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Investigation of Side Chains in Self-Doped PEDOT with Phosphonic Acid Moieties (Graduate
School of Science, Nagoya City University) OYuta Otake, Toru Amaya

Conductive polymers are critical for next-generation electronics. A significant issue in
conventional conductive polymers is substrate corrosion caused by sulfonic acid groups. To
address this, we have designed and developed phosphonic acid-functionalized conductive
polymers,! especially poly(3,4-ethylenedioxythiophene) (PEDOT) derivatives, achieving a
remarkable conductivity of 130 S/cm (Figure 1a).? In this context, we investigated the effects
of side chains with phosphonic acid moieties on the PEDOT backbone to optimize material
properties and report our findings herein (Figure 1b).

Keywords : Conductive polymers,; Self-doping,; Poly(3,4-ethylenedioxythiophene),
Polythiophene; Phosphonic acid
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1) Amaya, T.; Hirao, T. Kobunshi Ronbunshu 2017, 74, 473.
2) Kiriyama, K.; Daijo, M.; Tsuchiya, K.; Hatai, T.; Hirao, T.; Amaya, T. Bull. Chem. Soc. Jpn. 2022,
95, 1228.
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Effect of crystallinity on hydrogen evolution in organic semiconductor nanoparticle

photocatalysts (1. Hiroshima University) OAnji Nakahara!, Tsubasa Mikie', Itaru Osaka'

Nanoparticle photocatalysts based on p/n organic semiconductor heterojunction systems,
which are used for the photoactive layer of organic photovoltaics (OPVs), have attracted much
attention due to their capability of both efficient charge separation and absorbing visible to
near-infrared light.! We have developed numbers of semiconducting polymers for highly-
efficient OPVs.? In this study, we fabricated two polymer/fullerene nanoparticles using
crystalline and less crystalline semiconducting polymers for photocatalytic hydrogen evolution.
Interestingly, although both nanoparticles showed a similar absorption range, nanoparticles
based on crystalline polymers exhibited a higher hydrogen evolution rate than those based on
a near-amorphous polymer (Figure 1). We discuss in detail the difference in photocatalytic
activity between the two nanoparticles based on their structures and properties.

Keywords : Organic photocatalysts ; Semiconducting polymers ; Water splitting ; Hydrogen
evolution
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[1]J. Kosco et al, Nat. Mater. 2020, 19, 559. [2] 1. Osaka et al, Nat. Photon. 2015, 9, 403.
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Marine biodegradable polyester using endospores. (' Division of Molecular Science, Graduate
School of Science and Technology, Gunma University, * Gunma University Center for Food
Science and Wellness) Miwa Suzuki’, Yuya Tachibana'?, Phouvilay Soulenthone', OTomoya
Suzuki', Hiroyuki Takeno' ?, Ken-ichi Kasuya'-*

Biodegradable plastics are of interest as solutions to plastic waste pollution. However, their
biodegradation rate and timing are not well controlled, limiting applications. We propose a
“wearing switch” by adding plastic-degrading microbial endospores to slow-biodegrading
plastics to control the initiation and speed of degradation. Poly(ethylene succinate) (PESu)
films with endospores of strain YKCMOAS]1 began degrading when germination was triggered
by surface wear, showing a weight loss rate ~7 times faster than films without endospores.
Compounds generated by YKCMOASI vegetative cells were mineralized in seawater within
10 days, indicating that PESu hydrolysis is activated by wear, followed by rapid

biodegradation.
Keywords : Biodegradation, Endospore; Poly(ethylene succinate)(PESu); Wearing switch;
seawater

ERINET T AF v 713 7T AF v 7 BEEEWIC K DBREEIG G OfFRK & L CTIER
ENTWD, LonL, TIROEDENET T AF v 7%, EDROMEEELE 44 I 7D
RTHZICHBE S TW RNz, H@PRESND, ZhbDOREZ kT 2728
2 T T AT 7 AN DN L | B RIEEED BT T AT ZIZIRINT S Z
ET.TTAF v 7 DAEGIROBM & 4y fREEE 2 HlH3 5 BERE D RBRAG A A > F 242
FT %, YKCMOAS1 ORI ZRM LIZAR Y =F L W7 2 F— M(PESu) 7 A /L A
X, 7 4 NV AREDOEREZ & ST & T D HMROIEIFIT Lo THMiBRb S, 3F
N2z M L7z PESu 7 4 /L AOE B HE T, 2% & £\ PESu 7 /LA L L
LR T N L7z, £72. YKCMOASI FRD S £ % PESu 7 1 /L ADSy
fRIZ Ko THE U TALEWIT., KT OWEMIZ L > T 10 RURIZERILSN D Z &
B BN o7z, ZHHORERITZ, YKCMOASI #£IZ & % PESu OHUKGRIL, #4
BIOBREA IR E U . EOBREBHITESMPEITT L2 LA LTS Y,

1) Control of marine biodegradation of an aliphatic polyester using endospores, M. Suzuki, Y.
Tachibanaa, P. Soulenthone, T. Suzuki, Hiroyuki Takeno, K. Kasuya, Polym. Degrad, Stab., 2023, 215,
110466
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Synthesis of Hydrophilic Acetone-substituted Polymers and Their Application to Hydrogen
Storage Materials (Dept. of Applied Chem., Waseda University) OMoe Emori, Tomoki Oura,
Hiroyuki Odaki, Kenichi Oyaizu

Hydrogen carrier polymers are capable of reversible hydrogen storage in the presence of
iridium complex catalysts". In particular, acetone-substituted polymers are expected to store
hydrogen under mild conditions in water. Here, we synthesized poly(diacetone acrylamide)
(P1) by radical polymerization for reversible hydrogen storage in hydrophilic polymers
containing acetone in its side chains. The polymer formed a hydrogen adduct, poly(N-(3-
hydroxy-2,2-dimethylbutyl)acrylamide) (P2), under hydrogen flow at ambient pressure in the
presence of the iridium complex catalysts. P2 released hydrogen and formed P1 by heating at
150°C in the presence of the catalysts, indicating that the polymer was capable of reversible
hydrogen storage.

Keywords : Hydrogen Storage, Hydrogen Carrier Polymer, Hydrophilic Polymer
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1) R. Yamaguchi, et al., Angew. Chem. Int. Ed., 2012, 51, 12790.
2)K. Oka et al., Polym. Int., 2022, 71, 348-351.
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Construction of Thermal Conductive Film Composed of Nanosheet-Shaped Cello-
oligosaccharide Crystals ('School of Materials and Chemical Technology, Institute of Science
Tokyo, *Faculty of Engineering and Design, Kagawa University) OHiroto Maruyama,' Yuuki
Hata,' Mitsuo Hara,” Toshiki Sawada,' Takeshi Serizawa'

Cellulose is usually used as thermal insulation material components. Nevertheless, the
densities of cellulose crystals (~1.6 g cm™), which are relatively high for organic polymers,
imply the potential of cellulose for developing thermally conductive materials. In this study,
we prepared film from nanosheet-shaped cello-oligosaccharide crystals (Figure 1) and
measured its thermal diffusivity to evaluate their potential as thermally conductive materials.
Aqueous dispersions of the nanosheets were dried on substrates to prepare the film. The thermal
diffusivity of the film in the thickness direction was found to be approximately three orders of
magnitude higher than those of common polymers and comparable to that of iron. This result
indicates that the film has the potential as thermally conductive materials. Furthermore,
analyses suggested that intermolecular interactions, including hydrogen bonds, were
responsible for the thermal transport. This plausible mechanism is different from the major
thermal transport mechanism in conventional polymeric materials, that is, the thermal transport
through covalent bonds.

Keywords : Cellulose; Enzymatic Synthesis, Thermal Diffusivity; Film
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