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Liquid-Crystalline Polymer Particles Containing Gold Nanoparticles via Seeded Dispersion
Polymerization ('Ritsumeikan University) OKei Nomura,' Kohsuke Matsumoto,' Osamu
Tsutsumi'

Organic-inorganic hybrid materials combine the distinct advantages of both organic and
inorganic components. Previously, we demonstrated the synthesis of monodisperse liquid-
crystalline polymer microparticles with controlled molecular orientation via dispersion
polymerization."” In this study, we synthesized liquid-crystalline polymer microparticles
containing gold nanoparticles through seeded dispersion polymerization. UV-vis spectroscopy
of the obtained particle's solution confirmed the absorption based on surface plasmon
resonance from gold nanoparticles, which indicates the successful incorporation of gold
nanoparticles into the liquid-crystalline polymer microparticles.

Keywords : Liquid-Crystalline Polymer Particles; Organic-Inorganic Hybrid Materials;
Seeded Dispersion Polymerization
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Figure 1. Absorption ‘spectra of THF particles without (a) and with (b) a retardation
solutions containing gold nanoparticle plate (R = 530 nm) under crossed nicol. Green

(red), liquid-crystalline polymer  arrows show the optic axis of a retardation plate
particles with gold core (blue), and those  (Scale bar = 2 um).

gold core (green).

1) T. Shigeyama, et.al., Crystals 2023, 13, 1660.
2) T. Shigeyama, et.al., Molecules 2023, 28, 7779.
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Development of photo-responsive liquid crystals using photothermal nanoparticles
(‘Faculty of Textile Science and Technology, Shinshu University)
(OTakumi Mihara,' Sumiri Kinoshita,' Koki Sano'

Liquid crystals are soft materials exhibiting properties of both solids and liquids. They find
wide applications due to their ability to largely change various properties through the
orientation control or phase transitions of their constituent materials. For example,
thermotropic liquid crystals exhibit phase transitions between the liquid-crystalline phase and
isotropic phase in response to temperature changes, altering their optical, mechanical, and
electrical properties. By introducing appropriately designed photo-responsive molecules or
nanoparticles, phase transitions in liquid-crystalline materials can be induced not only by a
thermal stimulus but by a light stimulus. However, designing functional additives for each type
of liquid-crystalline material is generally necessary because their addition often results in the
disappearance of liquid-crystalline nature. In this study, we propose a simple and general
strategy to impart photo-responsiveness to liquid-crystalline materials, aiming to develop
photo-responsive hybrid liquid crystals using photothermal nanoparticles.

Keywords - Liquid crystals,; Photothermal nanoparticle;, Photo-responsive soft material
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[1] K. Sano et al. Nature Commun. 2020, 11, 6026.
[2] H. Nishikawa, K. Sano, F. Araoka, Nature Commun. 2022, 13, 1142.
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Structural control and self-assembly of core-shell type nanoparticles
(‘Faculty of Textile Science and Technology, Shinshu University)
(OSumiri Kinoshita,' Koki Sano'

Core-shell type nanoparticles are composite nanoparticles consisting of a central core
surrounded by a shell. By rationally designing the composition and size of the core and shell,
we can synthesize core-shell nanoparticles with remarkable properties, which have attracted
significant attention in various fields. For example, coating gold nanoparticles with a silica
shell prevents particle aggregation and shape changes in dispersion, enabling the long-term
stability of their properties. Furthermore, by chemically modifying the silica surface of the
resultant core-shell nanoparticles with functional molecules, additional functions can be
imparted, paving the way for applications in imaging, sensing, catalysis, medicine, and optical
devices. In this study, we found that core-shell nanoparticles with complex structures can be
synthesized under specific conditions. We also investigated their self-assembly behavior by
controlling interactions between the nanoparticles.

Keywords - Core-shell type nanoparticles, Colloidal particles, Self-assembly
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[1] M. B. Gawande et al. Chem. Soc. Rev. 2015, 44, 7540-7590.
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Synthesis of Yolk-Shell Nanoparticles with Hollow Pt Cages and
Chiral Au Cores

(Graduate School of Engineering, Nagoya University) OYi Chen, Kazutaka Akiyoshi,
Tatsuya Kameyama, Tsukasa Torimoto

Keywords: Localized surface plasmon resonance; Yolk/shell nanoparticles; Electrocatalysts;
Chiral metal nanostructures; Galvanic replacement

Plasmonic nanomaterials, such as noble metal nanoparticles (NPs) like gold (Au) and silver
(Ag), exhibit localized surface plasmon resonance (LSPR) peaks, generating an amplified
photoelectric field near their surface several orders of magnitude larger than that of the incident
light. In this photoelectric field, chemical reactions are induced by charge injection from the NPs.
Previously, we reported that light irradiation enhanced the oxygen reduction reaction using Pt NPs
deposited on octahedral Au NPs as an electrocatalyst.! Hot carriers generated in the Au NPs by the
photoexcitation of LSPR peaks enhanced the diffusion of oxygen to the electrode due to the
photothermal effect. Despite this enhancement, the direct deposition of Pt on Au NPs caused several
issues, such as lattice mismatch leading to expansion strain in the Pt shell and LSPR attenuation. In
this study, we use chiral Au (ch-Au) NPs, which exhibit circular dichroism response, to fabricate
novel plasmonic structures that can utilize enhanced electric fields without attenuating their LSPR
properties. The ch-Au NPs were encapsulated in hollow Pt nanocages (ch-Au@h-Pt NPs), resulting
in the formation of a yolk-shell structure. Thus-obtained ch-Au@h-Pt NPs exhibited a chiral LSPR
property originating from Au NPs used.

The ch-Au NPs were prepared by the seed-mediated growth method in an aqueous solution
according to previous reports.>? By depositing Ag on the ch-Au surface in the presence of
polyvinylpyrrolidone, we prepared cubic ch-Au@Ag core-shell (ch-Au@Ag) NPs. Thus-obtained
Ag shell was further replaced with Pt by galvanic replacement, and the remaining Ag was etched
by ferric chloride solution to obtain the ch-Au@h-Pt NPs.

TEM images confirmed that the ch-Au NPs had
irregularly shaped particles with an average diameter of
101 nm (Fig. 1a). SEM images showed that their surfaces
had a chiral shape with a right-handed helical structure.
Whe}n these particles were coated With Ag shell, Fhe Fig. 1 TEM images of () th-Au NPs, (b) ch-
particles changed to a cubic shape with an average side  Au@Ag NPs, and (c) ch-Au@h-Pt NPs.
length of 121 nm (Fig. 1b). Finally, core-hollow shell

(yolk-shell) particles were formed by Pt deposition and g ch-AuCh?AU@hrTCh-AU@AQ
subsequent Ag etching, in which a single ch-Au NP was r‘é
encapsulated inside each hollow cubic cage (Fig. 1c¢). 5
As shown in the extinction spectra (Fig. 2), the LSPR g
peak of the ch-Au NPs appeared at around 610 nm. This 8
LSPR peak was split into 420 nm and 700 nm by the 3
deposition of anisotropic cubic Ag shell, but returned to 660 400500600700 800" 900" 1000
nm after the formation of yolk-shell structure. The LSPR Wavelength / nm

. . . Fig. 2 Extincti tra of th d NPs.
peak derived from the ch-Au in ch-Au@h-Pt NPs shifted to a 18, & BAnCHion spectia 0T The prepafed T8

longer wavelength region by ca. 50 nm compared to the original ch-Au NPs, probably due to the
effect of the change in the dielectric constant near the particle surface by the formation of hollow
Pt shell. The incorporation of ch-Au NP within hollow Pt shell was also confirmed by CD
measurement. In the CD spectra, positive and negative symmetric signals observed at ca. 600 nm
for ch-Au NPs disappeared after the deposition of cubic Ag shell. However, the CD signals were
recovered at similar wavelengths by the formation of ch-Au@h-Pt NPs.

1) T. Kameyama, et al., ChemElectroChem, 2023, 10, €202300182. 2) K. T. Nam, et al., Nat. Commun.,
2020, /1, 263. 3) T. Kameyama, et al., J. Chem. Phys., 2024, 160, 09709.
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Synthesis of titanium phosphonate clusters and the evaluation of their photo-redox performance (Tokyo
University of Science')OYuki Kimura', Kazuki Yamamoto', Takahiro Gunji'

Titanium phosphonate clusters (TPC) are cage-shaped compounds with phosphatitanoxane (Ti-O-P) bonds. We
have previously reported that hydrolysates of TPC retaining the cage structure have photocatalytic activity. The
hydrolysate of TPC exhibits photocatalytic activity even though it does not have a titanium dioxide crystal structure,
suggesting that the TizO4 substructure in the cage structure of TPC is responsible for its photocatalytic activity.
Therefore, the purpose of this study was to investigate the photo-redox property of TPC and to clarify the nature of
the substructure of TPC. TisP3Ph and its hydrolysates were synthesized according to a previous report. To investigate
the photo-redox reactivity, a heavy chloroform solution of TisP3Ph or its hydrolysate was mixed with 30 equivalents
of 2-propanol and stirred in the dark for 24 h. The solution was then irradiated with UV (365 nm, 6 W) and the
criminal changes were followed by the proton NMR and gas chromatography. The results confirmed that 2-propanol
was oxidized under UV irradiation to form acetone by the titanium atoms in the cluster.

Keyword: Titanium phosphonate cluster, Titanium oxo-cluster, Photocatalyst, Organic-inorganic hybrid material.
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1) H. Tsukagoshi, Y. Sato, K. Yamamoto, R. Hayami, T. Gunji, App! Organomet Chem, 2022. 36, e6615.

2) T. Krdmer, F. Tuna and S. D. Pike, Chem, Sci, 2019, 10, ¢886-6898.
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Development of Lanthanide Based Up-conversion Materials with Multicolor Luminescence
and Fabricated of Thin film ('Graduate School of Science and Engineering, Teikyo University
of Science, >School of Advanced Science and Engineering, Waseda University)

ORyusuke Mizoguchi,' Truptimayee Behera,> Shuhei Matsumura,” Ayumi Ishii?

We have developed lanthanide-based hybrid materials with up-conversion (UC)
luminescence properties, and successfully improved the green UC emission efficiency to over
5% in Er(I1T)-based materials by controlling the crystal and interface structure. To shift the UC
emission color from green to red, the energy relaxation process in the Er-based UCNPs was
controlled by incorporating Mn** and Tm?". Furthermore, the UC emission intensity of
transparent thin films containing Er-based UC materials could be enhanced by lens effects
utilizing silica microbeads.

Keywords : Up-conversion; Lanthanide ion; Energy transfer; Thin film, Microbeads
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1) R. Mizoguchi, A. Ishii, et al., The 104th CSJ Annual Meeting (2024), P1-2pm-12
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Transparent Display for Full Color Projection Based on Hollow Silver Nanoshell (Faculty of
Systems Engineering, Wakayama University) O Shinpei Kado, Rino Ogasawara, Shun Ohta,
Setsuko Yajima

In recent years, noble metal nanoparticles showing localized surface plasmon resonance
(LSPR) have attracted attention as functional optical materials. Transparent displays using light
scattering based on LSPR have been proposed. Hollow silver nanoshell, which can be
synthesized by reduction of silver thiocyanate nanoparticle with sodium borohydride, is a
promising material owing to its tunability of the LSPR wavelength from visible to near-infrared
region. In the present study, we have prepared a transparent display film based on hollow silver
nanoshell. It is demonstrated that the film can be used for full color projection owing to large
scattering cross section and wavelength tunability of the nanoshell.

Keywords : Hollow Silver Nanoshell, Localized Surface Plasmon Resonance, Scattering Cross
Section, Transparent Display, Full Color Projection
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[1] C. W. Hsu, B. Zhen, W. Qiu, O. Shapira, B. G. DeLacy, J. D. Joannopoulos, M. Soljaci¢,
Nat. Commun., 5, 1 (2014).
[2] Z. Li, Q. Fan, C. Wu, Y. Li, C. Cheng, Y. Yin, Nano Lett., 20, 8242 (2020).
[3] S. Kado, S. Yokomine, K. Kimura, Bull. Chem. Soc. Jpn., 90, 537 (2017).
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Retention of red color of anthocyanin/clay composite under high temperature by the control of
interlayer environment ('Shizuoka University, *Tokyo University of Technology) O Momo
Kuchiki," Yoshiumi Kohno,' Keigo Tashiro,' Masashi Shibata, > Ryo Watanabe,' Choji
Fukuhara'

Anthocyanin (AN) molecules are known to be stabilized by the intercalation between clay
layers due to the suppression of the contact with oxygen causing color fading. However, of AN
shows unpreferable color change from red to black by continuous heating at high temperatures
above 373 K. This research aimed to improve the thermal stability of the AN/clay composite
by clarifying the cause of the color change of AN between the clay interlayers.

Composite samples (AN/KF, AN/SSA) were prepared by mixing the AN solution with natural
(montmorillonite KF) or synthetic clay (Sumecton SA) powder. Diffuse-reflectance UV-Vis
spectra were measured after heating at a given temperature to evaluate the thermal stability
from the change in the shape of the obtained spectra.

Fig. 1 shows the normalized absorption spectra of AN/KF and AN/SSA after heating in the
air at 413 K for 3 h. AN/SSA did not turn black, whereas the light absorption of AN/KF on the
long wavelength side extended, showing the color change to black. As a possible reason for the
blackening only observed in AN/KF, we considered the possibility that some impurity included
in the natural clay KF may cause the dehydration of AN inside the clay layers.

Keywords : Anthocyanin, Layered Clay Minerals; Organic-inorganic Composite Materials,
Thermal Stability; Interlayer Environmental Control
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Improved stability of blue B-carotene by intercalation between clay layers organically modified
with glycerides ('Graduate School of Engineering, Shizuoka University, *Tokyo University of
Technology) O Taiyo Tanaka,' Yoshiumi Kohno,' Keigo Tashiro,'! Masashi Shibata,” Ryo
Watanabe,! Choji Fukuhara!

Since a natural pigment pB-carotene (BC) changes its color from yellow to blue (b-BC) by
protonation with strong acid, it can expectedly be used as a blue natural colorant. However, b-
BC easily fades by accelerated oxidation under exposure of light. We have reported the
stabilization of b-BC by protecting it from oxygen between clay layers. In this study, to further
enhance the stability of b-BC, addition of glyceride between the clay layers were investigated.

Glycerol monostearate (GMS), one of typical glycerides, was intercalated between the
montmorillonite clay (KF) layers by stirring in ethanol at 40°C. Afterwards, b-BC was adsorbed
between the modified KF layers. Fig. 1 shows a diagram of the composite. The composite was
irradiated with visible light from a halogen lamp. Stability was evaluated from the reaction rate
of the decrease in absorbance at Amax.

The samples were irradiated with 140 klux visible light for 5 h. In case GMS was added to
KF, photostability was improved by 2.2 times compared to the case without GMS addition. The
improved stability is considered due to the steric inhibition of the contact between b-BC and
oxygen by GMS.

Keywords : natural colorant, blue pigment, -carotene, eco-friendly material, stabilization
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Stabilization of gardenia blue pigment by intercalation between montmorillonite layers

(‘Shizuoka University, * Tokyo University of Technology) OKeita Kagoshima,'! Yoshiumi

Kohno,' Keigo Tashiro,' Masashi Shibata ,> Ryo Watanabe,' Choji Fukuhara!

Recently, the use of natural dyes has been demanded due to the toxicity of synthetic dyes.
Gardenia blue pigment (GB) is an expectedly valuable blue natural pigment, whose molecular
structure has lately been elucidated. However, GB is sensitive to light and heat, so that it fades
easily. In this study, we improved the stability of GB by the intercalation between the layers of
a cation-exchangeable montmorillonite clay (KF). The photostability of the composite of GB
and KF (GB/KF) was evaluated from the ratio of absorption before and after visible irradiation
for 3 h. The composite of GB and silica (GB/Q-10) was used as a reference sample. GB/KF
showed a significant tolerance in the retention of absorption compared to GB/Q-10. We
concluded that GB was protected by the clay layers from the contact with atmospheric oxygen,

which suppressed oxidative degradation, resulting in the improved photostability of GB.

Keywords : gardenia blue; clay, photostability;, montmorillonite; organic-inorganic composite
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1) K. Tsutsumiuchi et al., J. Agric. Food Chem., 69, 3904 (2021).
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Flavonoid/hydrotalcite composite as an eco-friendly colorant ('Graduate School of
Engineering, Shizuoka University, Tokyo University of Technology) O Takahiro Suzuki,'
Yoshiumi Kohno,' Masashi Shibata,? Keigo Tashiro,' Ryo Watanabe,' Choji Fukuhara'

Flavonoids are abundant in nature and expectedly used as a coloring material in their anionic
form. Rutin, one of flavonoids, has been found to be colored and stabilized by the intercalation
between the hydrotalcite (HT) layers. Those effects are regarded due to the basic property and
layered structure of HT, respectively. In this study, we intercalated various flavonoids (F,, Fig.
1) between the layers of HT to investigate potential usage of flavonoids as eco-friendly colorant.

Samples were prepared by so-called reconstruction method. Calcined HT was mixed with
flavonoids anionized by NaOH to obtain F,/HT.

Fig. 2 shows diffuse reflectance UV-Vis spectra of F.,/HT composite samples. Fo/HT showed
absorption at around 550 nm which caused red color, whereas Fo/HT and Fi/HT did not show
significant absorption at 550 nm and showed yellow. This suggests that flavonoids having two
-OH groups on the B ring turns red by the intercalation into HT.

Keyword : Layered double hydroxide; Coloring material; Naturally occurring dye; Eco-
friendly material; Organic-inorganic hybrid materials
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Fig. 2 Diffuse reflectance UV-Vis spectra of F./HT
composite samples.
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Synthesis and application to low refractive index materials of polyhedral oligomeric
silsesquioxane polymer

(Faculty of Science and Technology, Tokyo University of Science) O Akiho Yoshinaka !,
Kazuki Yamamoto !, Takahiro Gunji !

Polyhedral oligomeric silsesquioxane (POSS) is a thermally stable siloxane bonded to a strong
cage octamer with 0.3-0.4 nm pores. Since POSS can be linked to polymers by introducing
organic substituents, it has attracted attention as a building block for organic-inorganic hybrid
materials. In a previous study, we reported that the polymerization of Ts", one of POSS, with
water in the presence of diethylhydroxylamine gave the polymer (W-POSS). W-POSS
exhibited an excellent low refractive index of 1.32 with a weight average molecular weight of
29,000 and a film thickness of 142 nm. However, the relationship between the cross-linking
density and molecular weight of W-POSS and the refractive index has not been clarified.
Therefore, in this study, we synthesized W-POSS with different cross-linking densities by
changing the molar ratio of water added in the above reactions to 2, 4, and 8. We investigated
refractive index when the films were formed.

Keywords: POSS, cross-linked polymer, dehydrogenative condensation, and low refractive
index
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1) T. Shioda, T. Gunji, N. Abe and Y. Abe, Appl. Organometal. Chem., 2011, 25, 661-664.
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