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Adsorption of Cr(VI) ions by porous silica beads modified with amine-based polymers (! Graduate
School of Industrial Technology, Nihon University, *College of Industrial Technology, Nihon
University) OKouta Morioka,' Hiromichi Asamoto,? Hiroaki Minamisawa,? Kazunori Yamada'

Porous silica beads-based adsorbents for hexavalent chromium (Cr(VI)) ions ware prepared
by treating with (3-glycidyloxypropyl)trimethoxysilane and subsequently grafting amine-
based polymers. The adsorption capacity had the maximum at pH 3.0. At this pH, the
adsorption capacity increased with an increase in the content of amino groups. Higher values
of the adsorption capacity were obtained for the silica beads grafted with amine-based polymers
of lower molecular weights. The adsorption data followed the pseudo second-order model,
suggesting that this adsorption behavior depends on the Cr(VI) ion concentration. Empirically,
the adsorption capacity increased with increasing the Cr(VI) ion concentration and these
equilibrium data fitted the Langmuir isotherm equation, supporting that the adsorption process
is chemically stoichiometric. These results emphasize that the silica beads functionalized with
amine-based polymers can be applied to removal of Cr(VI) ions from aqueous medium.

Keywords: Adsorption, Silica beads; Hexavalent chromium; Polyethyleneimine; Polyallylamine
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Synthesis of cationic reverse unimolecular micelles toward development of novel capsular
molecular materials (Graduate School of Engineering, The University of Tokyo, Institute of
Industrial Science, The University of Tokyo, >JST PRESTO) ORyotaro Sakamoto,' Takamasa
Tsukamoto'*?

It is known that the physical properties of sub-nano-sized materials, such as metal clusters,
vary depending on the number of constituent atoms. It has been reported that the template
synthesis method, in which the desired number of atoms are accumulated and are reacted in a
restricted nanospace, is effective in synthesizing such materials'. In this study, we designed
and synthesized “reverse unimolecular micelles,” dendritic polymers with a multivalent ionic
core, as new nanocapsule materials. These compounds are expected to function as a new
reaction field for atomically precise reactions with ionic guests, based on the principle of
accumulation based on electroneutrality and the control of reaction space by micelle structure.
We synthesized micelle-type molecules by bonding hyperbranched organic chains to a core
skeleton consisting of phosphazene, triazine, or polyamine with multiple quaternized nitrogens.
We also evaluated the suitable synthesis conditions, physical properties, stability, etc. of the
substance groups.

Keywords : Reverse unimolecular micelles, Macromolecular capsules, Multiionic materials
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1) T. Tsukamoto, et al., Acc. Chem. Res. 2021, 54, 4486.
2) K. Yonesato, et al., Angew. Chem. Int. Ed. 2020, 59, 16361.
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Development of electro-active parylene thin layers with oxadiazole derivatives
(‘Faculty of Textile Science and Technology, Shinshu University, *Research Initiative
for Supra-Materials) OSora Miyauchi', Yu Kitazawa?, Mutsumi Kimura'-

Poly(p-xylylene)s (parylenes) were synthesized through a unique polymerization process
using chemical vapor deposition (CVD). Parylenes have a structure in which arylene units and
ethylene units are alternately connected and exhibit thermal stability and broad chemical
resistance. In addition, its unique polymerization method enables the formation of uniform and
defect-free film, with the added advantage of easy control over film thickness. Synthesis of
substituted parylenes have been reported by introducing substituents into [2,2]-para-
cyclophane, the precursor of parylene. We noted that parylene substituted with an oxadiazole
unit exhibited electron-transporting behavior. In this presentation, we also report the
performance of OLED devices using an electron-transporting parylene layer.

Keywords: Electron transport materials, Cyclophane, Parylene, Vapor phase
polymerization, Organic electroluminescence
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Fig.1 Synthesis of perylene Fig.2 Device structure

1) Jihong Lyu, et al. Polym Chem, 2022, 13(6), 613-621.
2) W. F. Gorham, J Polym Sci A Polym Chem, 1966, 4(12), 3027-3039.
3) Yung-Chih Chen, et al. ACS Appl. Mater. Interfaces, 2014, 6(24), 21906-21910.
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Polymerization behavior of acrylate monomers under spatioselective thermal polymerization

using the photothermal effect (' Laboratory for Chemistry and Life Science, Institute of Science

Tokyo, *PRESTO, JST) O Tomoki Watanabe,' Kaito Takahashi,! Kotaro Shinmura,! Miho

Aizawa,'? Kyohei Hisano,' Atsushi Shishido!

Controlling molecular alignment in soft materials is important for providing materials with
advanced functionalities. Recently, photoalignment method, which can precisely control
molecular alignment in a non-contact manner, has attracted much attention. We developed a
novel photoalignment method where spatiotemporal photopolymerization induces molecular
diffusion and flow, enabling molecular alignment. If this method can be applied to thermal
polymerization systems, it is expected to fabricate new functional materials. In this study, we
performed spatioselective thermal polymerization of acrylate monomers using the
photothermal effect and evaluated the thermal polymerization behavior in detail.

Keywords: Photothermal effect; Photopolymerization, Thermal polymerization, Acrylate
monomer; Flow field
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1) K. Hisano, M. Aizawa, M. Ishizu, Y. Kurata, W. Nakano, N. Akamatsu, C. J. Barrett, A. Shishido, Sci.

Adv. 2017, 3, €1701610. 2) T. Ishiyama, Y. Kobayashi, H. Nakamura, M. Aizawa, K. Hisano, S. Kubo,
A. Shishido, Macromolecules 2024, 57, 7430.
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Analysis of Bending Behavior Using Hard Coatings Containing Mechano-responsive
Anthracene Molecules (‘Laboratory for Chemistry and Life Science, Institute of Science Tokyo,
2PRESTO, JS T7) ORyota Niwa,' Yusho Kishimoto,! Miho Aizawa,'* Kyohei Hisano,' Atsushi
Shishido'

Flexible polymer films are widely used as substrates for flexible devices. However, cyclic
bending of these films often leads to cracking and subsequent deterioration in device
performance. Understanding the bending behavior at both macroscopic and molecular levels is
crucial to develop highly durable devices. While previous studies primarily analyzed bending
behavior using macroscopic indicators such as radius of curvature and surface strain,
molecular-level behavior remains unexplored. In this study, we employed anthracene dimers
as mechano-responsive fluorescent probes to investigate the molecular-scale bending behavior.
Anthracene dimers cleave into fluorescent monomer upon mechanical stimulation, providing a
luminescence-based method for evaluating molecular-scale fracture behavior. We prepared a
hard coating containing anthracene dimer deposited onto a polycarbonate substrate. In the
bending test of the hard-coated film, the hard coat was placed on the outer or inner bending
surface. Fluorescence spectra were used to evaluate emission peaks unique to anthracene
monomers, indicating dimer cleavage under both tensile and compressive deformation.
Keywords: Polymer,; Bending,; Fatigue, Fluorescence;, Mechanophore
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1) K. S. R. Chandran et al., Polymer 2016, 91, 222. 2) A. Shishido et al., J. Phys. Chem. C 2023, 127, 14510.
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Fabrication and Bending Analysis of Highly Durable Triple-layered Films with a
Polydimethylsiloxane Intermediate Layer ('Laboratory for Chemistry and Life Science,
Institute of Science Tokyo, *PRESTO, JST) OHinako Yamashita,! Yusho Kishimoto,! Miho
Aizawa,'* Kyohei Hisano,' Atsushi Shishido'

In recent years, flexible devices such as bendable smartphones, wearable devices, and soft
robots have attracted much attention. These devices use polymer films as their substrates.
However, brittle conductive materials layered on these films tend to degrade under bending
strain. Moreover, cyclic bending can cause cracks in the polymer films, leading to degradation
of device performance. To address this issue, it is essential to reduce surface strain and enhance
durability against cyclic bending. Amongst various approaches to suppress surface strain, our
group has designed a triple-layered film, consisting of two hard layers of polymer films and a
softer polydimethylsiloxane (PDMS) intermediate layer. This study investigates the cyclic
bending behavior of these triple-layered films compared to monolayer films. We conducted
bending tests to evaluate fatigue performance, demonstrating the enhanced durability of the
triple-layered structure, and investigated bending deformation behavior in detail.

Keyword : Polymer Film,; Flexible Device, Bending, Fatigue
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1)J. H. Koo et al., Adv. Funct. Mater. 2018, 28, 1801834. 2) T.-W. Kim et al., Materials 2019, 12, 2490.

3) Y. Zhang et al., Adv. Mater. 2020, 32, 2001082. 4) A. Shishido et al., Adv. Mater. Interfaces 2021, 8,
2001662.
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Application of Chiral-Nematic Liquid Crystal Polymer Particles as Strain-Sensing Materials
('Ritsumeikan University) (OMaki Ogata,' Kohsuke Matsumoto,' Osamu Tsutsumi'

For further application of flexible strain sensors, development of noncontact strain-sensing
materials is required. Recently, we have focused on chiral-nematic liquid crystals as new strain-
sensing material. Chiral-nematic liquid crystals have selective wavelength reflection properties
due to the helical alignment of liquid crystal molecules. Previously, we fabricated chiral-
nematic liquid crystal polymer particles that have angular independence reflection. In this study,
we explored their response to applied pressure by measuring reflection spectra. The observed
changes in the selective reflection wavelengths revealed a strong correlation between pressure
and wavelength change. These results underscore the potential of chiral-nematic liquid crystal
polymer particles as advanced strain-sensing materials.

Keywords : Chiral-Nematic Liquid Crystal; Micro Particle; Molecular Alignment; Pressure;
Strain Sensing
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Figure 1. Reflectance spectra of the
chiral-nematic liquid crystal polymer

1) T Shigeyama, et al., Crystals 2023, 13, 1660. particles  before (red) and after

) compression (blue). Dotted lines: raw
2) T. Shigeyama, et al., Molecules 2023, 28, 7779. data, solid lines: fitting curves.
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Compressive Deformation Behavior of Chiral-Nematic Liquid Crystal Elastomers
(‘Ritsumeikan University) ORyota Morimoto,' Maki Ogata,! Kohsuke Matsumoto,' Osamu
Tsutsumi'

Chiral-nematic liquid crystal elastomers (N* LCEs) show the wavelength-selective refection
depending on their helical molecular orientation. Uniaxial tensile deformation of the N* LCEs
film caused the wavelength shift due to decreasing their thickness, enabling the visualization
of strain applied to the film. In this study, we examined the mechanical response of these
elastomers under compressive deformation. Reflection spectra were recorded to assess the
circular polarization dependence and reversibility of the reflected light, providing insights into
helical orientation changes induced by compression.

Keywords : Liquid Crystals; Elastomer, Pressure Sensing
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Figure 1. Reflection spectra of N*LCE

films under applied pressure.
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1) K. Hisano, et al. Adv. Funct. Mater. 2021, 31,
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In-situ measurement of optical absorption in molecular reorientation of dye-doped liquid
crystals ('Laboratory for Chemistry and Life Science, Institute of Science Tokyo, *PRESTO,
JST) O Yuya Nakata,' Junki Yokota,' Miho Aizawa,'? Kyohei Hisano,' Shoichi Kubo,'
Atsushi Shishido'

When linearly polarized light above a certain intensity is incident on dichroic oligothiophene
dye-doped liquid crystals (LCs), the molecular orientation of the dyes and LCs change parallel
to the polarization direction. This molecular reorientation induces the nonlinear transmission
change based on the absorption change of the dye; thus, it is expected to be applied to dimming
materials that automatically attenuate light depending on light intensity. However, the detailed
light absorption properties of the dye-doped LCs remain unclear. In this study, we investigated
the optical absorption behavior based on molecular reorientation under irradiation of linearly
polarized laser light and white light with dye-doped LCs.

A nematic LC doped with a small amount of oligothiophene dye was injected into a 100-um-
thick glass cell with a homeotropic alignment layer. A linearly polarized laser beam was
incident on the sample cell to induce the molecular orientation change, and white light was
simultaneously incident on the sample cell to evaluate the optical response behavior with the
molecular orientation change. We found that the transmittance decreased and the absorbance
increased with the molecular orientation change.

Keywords: Liquid Crystals;, Molecular Reorientation; Dichroic Dye; Transmittance,
Absorbance

“EMOF Y IAFFT = o ERED BRI LTSRS (BF F—7 ) 1 ERE
U EOEBRICAZ AST 5 &, R o+ LikshsFORMAMEN T & ATICZE T
50, ZoONFERMEE, AV IFAT = aFEOWSEE RIS < IERIEAY 7R
TR ATHET D720, MEHE bOGIREE 23855k L T & T 23 B~ D IS 23
W CT&E 2, L LR, BROFEMCRIREZRGIZ OV TIT 2L E THRIEG
Tholz, £ I TARBIZETIE, ERFEL L —Y—bh & R At Z A% F— 7K
WAL, S FEEAZEIC A O AT A XY LD Y TV F A DEEIT -T2,

ERTR~T v 7 fHERTHEL (4-cyano-4’-pentyl biphenyl) (24 TF4 7 = &
% (5,57 -bis-(5-butyl-2-thienylethynyl)-2,2°:5°,2”-terthiophene) % /L& L, kL L
7o TR 7Z50E 2, mEACALER A L 722 E 100 um OH T A ME AL, K
paE L& LTz, 2O /L ORI ZHIE T 5728, & 488 nm DEFFRG
L—H =2 AR L, o FEMZEZFE Lz, S 612, —EREORERE AS L,
S FERIAIZEAICPE O S EZEE Z2 ) T2 A LA TR L7, £ D%, S FhlmZik
PRV SR ITNED U, WOLEIXEMT 5 Z EBRH LN E o T,

1) J. Yokota, A. Shishido, Mol. Cryst. Lig. Cryst. 2024, 768, 975.
2) K. Usui, A. Shishido, et al., ACS Appl. Mater. Interfaces 2021, 13, 23049.
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Relationship between photoinduced molecular orientation rotation and incident laser
polarization in polymer-stabilized dye-doped liquid crystals (‘Laboratory for Chemistry and

Life Science, Institute of Science Tokyo, *PRESTO, JST) OReika Fukumitsu,' Yuya Nakata,'
Junki Yokota,' Miho Aizawa,'* Kyohei Hisano,' Atsushi Shishido'

The irradiation of oligothiophene dye-doped liquid crystals (LCs) with a linearly polarized
light causes the molecular reorientation, resulting in the formation of diffraction rings. Recently,
we have discovered the rotation of ellipsoidal diffraction rings by the irradiation of polymer-
stabilized dye-doped liquid crystals (PSLCs) with a circularly polarized light. However, the
effect of the incident light polarization on molecular reorientation remains unclear. In this study,
we investigated the relationship between the rotation behavior of the diffraction rings and the
molecular reorientation state by employing various polarized lights to illuminate the PSLCs.
The sample containing a nematic LC, an acrylate monomer, a photoinitiator, and an
oligothiophene dye was injected into a homeotropically aligned glass cell and
photopolymerized. When linearly, elliptically, and circularly polarized light was incident on
the sample cell, the rotation behavior of the diffraction ring was observed differently. The probe
light observation proved that the molecular rotation of LCs caused the diffraction ring rotation.
Keywords: Nonlinear Optical Effect, Liquid Crystals, Molecular Reorientation, Dye, Polarized
Light
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2R 28 GE RH LY, Lo Lans, ARRIER D FEIMZELEENC S 2 5
T D MNIT 72 o> TR\, & ZTARIMZETIE, kxRt mn 1+ ZElbfsi R
—RERIZAH L, BT Y > 7 OEERZEER L O FEAREEIC DWW TRRET L7z,

Ay Fitidh 5CB &7 27 U L— hE /) ~—A6CB ZWE &L 90:10 TRA L7ZE R
N EEIZ Y EA B AEH Trgacure 651 & TRS /b &RINL, kHE L7z, TEEFAmALEL
Zh LT 7 A VISR 2 E AL, LEAEZT Z & TiRibE/LE Lz, 2O
BT R 488 nm OEHR, #M, FEXE AR L& 2 A, FITY 7 OREREEH)
NEI2 D Z EnNbrotz, E5IZ, HE 633nm O 7 1 —7 % v CoO 1Rl & i
NRTFER, BT Y 7 ORI T OREAIZHKT 5 Z ERH LMo T,

1) Y. Aihara, A. Shishido, et al., Adv. Opt. Mater. 2013, 1,787.2) J. Yokota, A. Shishido, Mol. Cryst. Liq.

Cryst. 2024, 768, 975. 3) K. Matsumoto, A. Shishido, et al., The 101st Annual Meeting of the CSJ Prepr.
Jpn. 2021, A27-3pm-06.
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Circularly Polarized Luminescence of DAAD type Fluorophore in
Chiral Nematic Liquid Crystal and Effect of Alignment

(‘Graduate School of Science and Technology, Nara Institute of Science and Technology,
’Department of Applied Chemistry, Tokyo University of Agriculture and Technology) ONurul
Ilmi," Yuki Yamashita," Yugo Tsuji,' Chigusa Goto,' Yo Shimizu,' Marine Louis,” Tsuyoshi
Kawai'

Keywords: Circularly polarized luminescence; Thermally activated delayed fluorescence;
Liquid crystal

Small organic luminescence molecules have been attracted much attention because
of their flexible chemical structure and adjustable optical performance. Plenty of excellent
small organic molecules have been investigated especially as chiral luminescence that exhibit
circularly polarized luminescence (CPL) properties. Some remarkable progresses have been
achieved, but several challenges remain since these reported materials showed small
dissymmetry factor (glum) in the range of 10” to 10 which are still challenging for further
enhancement. Similar results were observed in our previous compounds addressing Donor-
Acceptor-Acceptor-Donor (DAAD) structures where carbazole and naphthalimide derivatives
were used as donor and acceptor respectively'?. To enhance the dissymmetry factor, various
strategies have been reported.

Chiral liquid crystal phases have raised increasing interest owing to their chiroptical
properties and helical structures. Introducing chiral dopant to a nematic liquid crystal for
chirality transfer is a well-known technique to improve the CPL properties; recently additional
doping of a chiral nematic liquid crystal by RGB achiral polymers even gave access to photo
switchable white CPL with high glum values’. Here, we aim to enhance the glum values of our
DAAD compounds by using it as dopants in nematic liquid crystal matrices. Furthermore, we
are also examining the effect of surface treatments of our liquid crystal analytic cells, analyzing
the chiral nematic liquid crystal behavior after deposition on homogeneous and homeotropic
alignments. This resulted in a gradually improved glum value from 107 to 10". This
enhancement of the glum value is promising for a large range of applications such as displays,
Sensors or security tags.
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Figure: (a) Chiral Compounds in this research, (b) CPL-active material under UV light
1) Y. Tsuji, et al. J. Mater. Chem. C. 2023, 11, 5968. 2) Y. Yamashita. 2024, Master Theses.
NAIST. 3) S. Yoshida, S. Morikawa, K. Ueda, K. Kaneko, T. Hanasaki, K. Akagi, ACS App!.
Mater. Interfaces. 2024, 16, 3991.
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Molecular Orientation Rotation and Self-oscillation Behavior of Dye-doped Liquid Crystals by
Irradiation with a Circularly Polarized Beam ('Laboratory for Chemistry and Life Science,
Institute of Science Tokyo, *PRESTO, JST) O Soichiro Koyama,' Junki Yokota,' Miho
Aizawa,'? Kyohei Hisano,' Shoichi Kubo,' Atsushi Shishido'

Irradiation of dye-doped LCs with a linearly polarized laser beam induces molecular
reorientation, leading to the formation of concentric diffraction rings. Recently, we discovered
that the irradiation of dye-doped LCs containing a monomer or polymer with a circularly
polarized laser beam causes the elliptical diffraction rings. Interestingly, the diffraction rings
exhibit the unidirectional rotation and the self-oscillation behavior. However, the detailed
mechanism underlying these phenomena remains unclear. In this study, we prepared dye-doped
LCs containing a monomer and investigated the relationship between these phenomena and the
molecular orientation of the LCs. The irradiation with a 488 nm circularly polarized beam
showed the rotation of diffraction rings and the self-oscillation simultaneously.

Keywords: Liquid Crystal; Molecular Reorientation; Dye; Circularly Polarized Light; Self-
Oscillation
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1) J. Yokota, A. Shishido, Mol. Cryst. Lig. Cryst. 2024, 768, 975.

2) A. Shishido, et al., The 101st Annual Meeting of the CSJ Prepr. Jpn. 2021, A27-3pm-06.
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Anisotropic adhesive behavior induced by stimuli-responsive molecular layer patterning
(‘Laboratory for Chemistry and Life Science, Institute of Science Tokyo, *PREST, JST ) O
Kento Higa,' Miho Aizawa,'* Atsushi Shishido'

In recent years, recycling of products after use has become increasingly important to realize
a sustainable society. Therefore, the development of new adhesive technologies that enable
dismantling of bonded parts has been attracting attention. Easily dismantlable adhesives that
focus on molecular functions have been developed. However, since the dismantling mechanism
is based on the cohesive force of the adhesive, it has been difficult to achieve both high adhesive
strength and easy dismantling. We have developed a stimuli-responsive molecular layer that
can cleave chemical bonds by heating or light irradiation, and proposed a new dismantling
mechanism focusing on chemical bonds at the adhesive interface. Since this technology
changes only the chemical bonds at the adhesive interface, the adhesive can be disassembled
while maintaining its cohesive strength. In this study, we aimed to develop anisotropic adhesive
behavior by patterning the bond-forming sites of the stimuli-responsive molecular layer.

Keywords : Adhesion; Anthracene; Anisotropy; Surface Treatment; Stimuli-Responsive
Molecular Layer
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1) M. Aizawa, H. Akiyama, Y. Matsuzawa, Adv. Eng. Mater. 2022, 24, 2100823. 2) M. Aizawa, H.
Akiyama, T. Yamamoto, Y. Matsuzawa, Langmuir 2023, 39, 2771.
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