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Synthesis of Poly(ether-thioether) and Its Oxidized Product and Their lon Transportability
under Polymer-in-salt Conditions (Dept. of Applied Chem., Waseda Univ.) OYuki Ogawa,
Akinari Chiba, Takuya Yokoo, Kenichi Oyaizu

Solid polymer electrolyte has been widely studied for the commercialization of lithium-
ion batteries. Under polymer-in-salt conditions where polymers are mixed with an excess
amount of lithium salt, high ionic conductivity has been reported in some SPEs such as
polysiloxane-based electrolytes”. However, the effective conditions to realize the high ionic
conductivity are yet to be clarified.

In this report, poly(ether-thioether) and its oxidized products (P1-P3) were synthesized
and their ion transportability was evaluated to reveal the molecular design of SPEs with high
ionic conductivity under polymer-in-salt conditions. An SPE with poly(ether-sulfone) (P3)
showed a high ionic conductivity above 107 S/cm at 30 °C under polymer-in-salt conditions.
Properties of SPEs with different oxidation states are compared, which will also be reported.

Keywords : Solid Polymer electrolyte; Sulfur-containing polymer; Li-ion conductor
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Recognition behavior of metal ions in aqueous solution by polymers with crown ether and
fluorescein as side chains (Graduate School of Systems Engineering, Wakayama University)
ODaisei Yamanaka, Hideji Osuga, Hidefumi Sakamoto

It is well known that crown ethers have metal ion selectivity depend on their cavity size. In
this study, the crosslinked copolymers, bearing 18-crown-6 as metal ion recognition site, 3,6-
dioxaheptyl moiety as hydrophilic group, diethylene glycol dimethacrylate as cross-linking
moiety and fluorescein, were synthesized for using hydrogel for metal ion detection (Fig.1).
The metal ion recognition behavior and optical properties of the obtained copolymers were
evaluated by fluorescence spectroscopy in the aqueous solutions. As a result, the highly
sensitive and selective detection of metal ions in aqueous solution selectively was succeeded,
but it took time to stable. Therefore, similar amphiphilic linear copolymers bearing alkyl
methacrylate groups as a hydrophobic moiety were synthesized with the expectation of forming
micelles for quick response to the metal ions in the aqueous solutions. Here, we will describe
the syntheses and physical properties of the two types of copolymers synthesized in this study.
Keywords : Crown ether, Fluorescein; Metal ion recognition; Fluorescent polymers; Aqueous
solution
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Fig. 1 Crosslinked copolymer Fig. 2 Amphiphilic linear copolymer
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A Viscosity Behavior Analysis of Water-Soluble TEMPO-Substituted Polymers for Aqueous

Redox Flow Batteries (Department of Applied Chemistry, Waseda University) O Ishigami
Kohei, Kenichi Oyaizu

Polymer-based redox flow batteries can effectively inhibit capacity decay due to crossover
with inexpensive nanoporous membranes used as separators. Suppression of dynamic viscosity
increase with polymer concentration is a challenge to achieve higher capacity and energy
density. In this study, highly water-soluble polyelectrolytes with redox activity (P1) were
synthesized to reduce the dynamic viscosity of the electrolyte. The viscosity parameter of P1
based on Mark-Houwink-Sakurada equation was a = 0.64 in pure water. P1 shrank to a
spherical shape at higher sodium chloride concentrations (Fig. 1). In the presentation, details
of viscosity behavior and electrochemical properties of P1 will be discussed.

Keywords : Polyelectrolytes; Aqueous Redox Flow Batteries; Redox Active Polymers
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Fig. 1 Schematic diagram of the dependence of shape change on
the supporting electrolyte for redox-active polyelectrolyte (P1)

1) T. Janoschka, N. Martin, U. Martin, C. Friebe, S. Morgenstern, H. Hiller, M. D. Hager, U. S.
Schubert et al., Nature. 2015, 527, 78-81.
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Synthesis of Hydrophilic Nanoparticles for Aqueous Redox Flow Batteries to Improve
Swelling and Dispersion Stability and its Charge-Discharge Properties (Dept. of Applied Chem.,
Waseda Univ.) OShinjiro Mori, Kohei Ishigami, Kenichi Oyaizu

Organic redox flow batteries with dispersible nanoparticles as the active materials are
expected to have high energy density which is not limited by the inherent solubility (Fig. 1) ".
Dispersion stability is a factor for improving battery properties, and the occurrence of
sedimentation and agglomeration leads to lower performance in charging and discharging. In
this study, poly(TEMPO-substituted acrylamide) (PTAm) particles with ionic moieties were
synthesized. The size distribution of all particles was unimodal with a particle size of 10 nm.
Precise control of the amount and position of the hydrophilic moiety resulted in high dispersion
stability. In this presentation, we will discuss for detail the improvement of electrochemical
and charge-discharge properties achieved controlling the amount and position of the ionic
moieties in the polymer.

Keywords : Aqueous Organic Redox Flow Batteries; Active Material Polymer Particles;
Dispersion Stability
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Fig. 1 Diagram of organic redox flow battery with strongly
hydrophilic polymer particles.

1) K. Oyaizu et al., ACS Appl. Polym. Mater. 2019, 1, 188.
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Electrochemical Properties of Solid Polymer Electrolytes of Charge-transfer Complexes

Composed of Polyphenylene Sulfide Derivatives (Dept. of Applied Chem., Waseda Univ.)
OToshinori Kozakai, Yasuei Uchima, Kenichi Oyaizu

Charge transfer complexes obtained by doping polyphenylene sulfide with an electron
acceptor are reported to exhibit high ionic conductivity by compositing with lithium salts."
However, their ion conduction mechanism is yet to be determined to improve the
reproducibility of their properties. In this study, a solid polymer electrolyte was prepared using
the charge transfer complexes of methyl-substituted polyphenylene sulfide derivatives or
polyphenylene ethers, lithium salts, and additives. A small amount of additives significantly
improved the ionic conductivity which reached >10~ S/cm at room temperature. Additives such
as ethyl carbonate and H,O were remarkably effective for the conducting behavior, which will
also be discussed.

Keywords : Solid polymer electrolyte; Charge-transfer complex; Lithium ion battery
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Fig. 1 Schematic ion conduction mechanism of charge-transfer complexes.

1) M. A. Zimmerman, U.S. Patent 20170005356A1.
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Molecular Design of « -Core-Unit of Polythiophenes as Hole-transporting Materials toward a
Perovskite Solar Cell. (Dept. of Applied Chem., Waseda Univ.) OHayaki Ogata, Yu Sakai,
Kenichi Oyaizu, Hiroyuki Nishide, Takeo Suga

Poly(3-hexylthiophene) (P3HT) has been reported as a dopant-free, hole-transporting layer
for inorganic perovskite solar cells due to its high hole mobility. For further improvement of
the cell performance, we report here polythiophenes with the fused thiophene-based w-core-
units. The obtained polymers exhibited deeper HOMO levels than the P3HT, and matched with
all-inorganic perovskite (CsPbl,Br) layer. The correlation between the m-core-units
modification and cell performance will be discussed.

Keywords : hole-transporting material; conjugated polymer; perovskite solar cell;
dithienothiophene
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Figure 1 Chemical structure of P1-P4 Figure 2 J-V curves of the
perovskite solar cells using P3-
1) Zeng, Q. et. al., Adv. Mater. 2018, 30, 1705393. C6 stacked on P3HT as HTL.

2) Ming-Hua, L. et. al., Adv. Mater. 2020, 10, 2000501
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Racemization Behavior of Helical Poly(diphenylacetylene) Derivatives upon Photoirradiation
(‘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) OYuki Nishikawa,' Daisuke Hirose,” Katsuhiro Maeda™*

Poly(diphenylacetylene) derivatives (PDPAs) are physically and chemically stable n-
conjugated helical polymers in which all carbon atoms of the main chain polyene backbone
possess phenyl substituents. We reported that PDPAs form a one-handed helical structure upon
thermal annealing in the presence of optically active compounds and the induced helicity can
be stably maintained at room temperature as memory even after removal of the optically active
compounds”. Due to the high stability of helicity memory, heating at high temperatures is
required to erase (racemize) the helicity memory of PDPAs.

Herein, we found that the helicity memory induced in poly-1 bearing ester groups in the side
chain (4-poly-1) in the presence of optically active 2 upon thermal annealing was able to be
rapidly erased even below room temperature upon photoirradiation by blue light.

Keywords : Helical polymer; Poly(diphenylacetylene); Photo racemization, Helicity induction,
Helicity memory
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1) K. Maeda, et al., J. Am. Chem. Soc., 2020, 142, 7668.
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CO; Separation Nanomembranes Prepared from a-Lipoic Acid Derivatives: An Approach to
Self-Healing Properties ('Research Center for Negative Emissions Technologies, Kyushu
University, *International Institute for Carbon-Neutral Energy Research, Kyushu University,

3School of Engineering, Kyushu University,) ONaoki Ousaka,'? Ryo Tomeba,® Shigenori
Fujikawa'~

Bifunctional monomers consisting of two a-lipoic acid residues containing a dynamic
covalent disulfide bond in a 5-membered ring structure linked by a CO,-philic polyethylene
glycol (PEG) chain were synthesized, and their ring-opening polymerization provided the
corresponding crosslinked polymers and CO» separation nanomembranes. SEM observation
revealed that the thickness of the resulting membrane was several hundred nm, and it was found
to be a freestanding membrane. As a result of the evaluation of the gas permeability of the
membrane, the CO,/N; selectivity was found to reach up to 80.

Keywords : Carbon Dioxide; Separation Membrane, Disulfide Bond, a-Lipoic Acid; Ring-
Opening Polymerization
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1) S. Fyjikawa, R. Selyanchyn, T. Kunitake, Polym. J. 2021, 53, 111-119.
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Synthesis of precision cyclic oligomers for improve molecular recognition ability

(1. Kyushu Univ., 2. Grad. Sch. of Eng., Kyushu Univ., 3. Center for Molecular
Systems (CMS), Kyushu Univ.) OKonosuke Wada', Hayato Tada?, Honoka
Moriguti?, Masaya Ifuku?, Sotaro Tuji?, Yukiko Nagai?, Yu Hoshino?*

Precision oligomers have emerged as promising, cost-effective, and stable antibody
alternatives'!l. However, their low binding constants with target molecules remain a significant
limitation. We considered that the loss of binding constants is attributed to the high molecular
mobility of linear oligomers, which results in substantial entropy loss upon binding. In this
study, we synthesized precision cyclic oligomers with a cyclic backbone to investigate how
topology influences molecular recognition and to improve their binding capabilities. Linear
oligomers, functionalized with a carboxylic acid group at one terminus and a thiol group at the
other terminus, were synthesized as monomers and dimers and subsequently cyclized via
thiolactone formation. Hemolysis-neutralization assays using hemolytic peptides were
conducted to compare the molecular recognition abilities of cyclic and linear oligomers. The
results indicated that cyclic oligomers exhibited an enhanced neutralization ratio compared to
their linear oligomers, highlighting the potential of cyclic oligomers to improve molecular
recognition ability.

Keywords : Cyclic Molecule, Molecular Recognition, Precision Polymer, Oligomer, RAFT
Polymerization
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1, C. Hawker et al., J. Am. Chem. Soc. 2016, 138, 6306.
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A hydrophilic polymer containing dipicolylamide structures as metal-ligamd domains
(‘Faculty of Life Science, Toyo University) O Shigehito Osawa, Tiancheng Wang, Hayato
Tainaka.

Polymer metal complexes have recently been highlighted in the life science field owing to
their catalytic activity and unique binding affinity to biomacromolecules[1,2]; however,
designing hydrophilic polymer ligand still an issue, often requiring block or random
copolymerization with hydrophilic polymer structures. Herein, a water soluble ligand polymer,
containing two pyridinyl and one carboxyl groups in a monomer unit, is newly designed
through a facile condensation reaction between poly(ethylene-alt-maleic anhydride) and
dipicolylamine. The obtained polymer showed, interestingly, a blue color, buffering effect at
pH 6 to 8 in titration tests, and chelating effect on coper ions. After complexing with coppers,
the copper catalyzed Fenton-like reaction of hydrogen oxide decomposition was accelerated,
indicating polymer copper complexes property [1]

Keywords : pyridinyl group, Maleic anhydride; dipicolylamine
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[1] S. Osawa et al., Macromol. Rapid Commun., 2021, 42(16), 2100274.
[2] S. Osawa et al., RSC Adv., 2019, 9(45), 26429-26434.
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Synthesis of DNA encoded library using precision oligomers via click reaction ('Faculty of
Engineering, Kyushu University, ’Graduate School of Engineering, Kyushu University,>Center

for Molecular Systems (CMS) )OTomohiro Yamanaka,' Hayato Tada,” Honoka Moriguchi,’
Masaya Ifuku,? Sotaro Tsyj i,> Yukiko Nagai,2 Yu Hoshino,*?

Recent advances in developing synthetic polymers as antibody mimics have garnered
significant attention due to their cost-effectiveness and versatility. Precision oligomers that are
monodisperse in molecular weight and sequence and show molecular recognition ability have
attracted attention as alternatives to antibodies. However, conventional approaches to
synthesizing precision oligomers often involve multiple polymerization and separation steps,
which limit the feasibility of screening diverse oligomer libraries. In the biochemical fields,
DNA encoded library (DEL) represents a powerful technology platform for discovering small-
molecule ligands to targets. Therefore, in this study, we aim to apply the DNA encoding-based
screening method to precision oligomer screening. This presentation will discuss the synthesis
of DNA-encoded precision oligomer library, especially for modifying DNA to precision
oligomers to construct DEL. We use a click reaction between DBCO group and azide group.
Keywords : DNA; Click reaction, Screening,; Oligomer; RAFT polymerization
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[1] C. Hawker et al., J. Am. Chem. Soc. 2016, 138, 6306. [2] Y. Hoshino et al., Angew. Chem. Int. Ed., 2020, 59,
679. [3] S. Brenner et al., PNAS., 1992, 89, 5381. [4] D. Neri et al., ACS Pharmacol. Transl. Sci., 2021, 4, 1265.
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Effects on Thermo-Responsiveness of Hydrogen-Bonded Polymers Caused by Differences in
Hydrogen-Bonded Donors and Acceptors ('School of Sciences, Hokkaido University,
2Graduate School of Chemical Sciences and Engineering, Hokkaido University, *Faculty of
Sciences, Hokkaido University) O Shu Takeuchi,! Koki Takasu,” Natsuki Inaba, Keitaro
Matsuoka®?, Kazuki Sada®?

There are two types of thermo-responsive polymers. UCST-type polymers dissolve above a
certain temperature and LCST-type polymers become insoluble. We previously reported UCST
or LCST thermo-responsiveness of polymers bearing a hydroxyl group in the side chains in
mixed organic solvents'. The hydroxyl group, serving as both a hydrogen bond (HB) donor and
acceptor, is likely involved in their thermo-responsiveness. The role of HB acceptors in the
polymer to the thermo-responsiveness remains unexplored.

In this study, to understand the role of hydrogen-bonding functional group of the polymer,
we investigated the thermo-responsiveness of p3HPA bearing a OH group and p2MEA bearing
an ether group. In pure solvents, especially in water or some alcohols, they showed different
solubilities depending on the presence or absence of the HB donor in the side chain. In mixed
solvents, there were clear differences in the thermo-responsiveness and the cloud point.
Keywords : LCST: thermo-responsiveness, hydrogen bond,; mixed solvents, solvation
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