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Important factors related to printability of paste containing inorganic particles ('Materials
laboratories, Sumitomo Metal Mining, Co., Ltd.) OTatsuo Aikawa !

Pastes containing conductive particles are essential materials for manufacturing printable
electronics. In such usage, the pastes are used by printing on substrates. In this study, we discuss
the viscosity and particle separability of the paste as important factors related to printability.
The general components of a paste are shown in Fig. 1. Solvents, binder resins, and additives
are included as organic materials, and metal and ceramic particles are used as inorganic
particles. Our research group has found that the adsorption of the binder resin to the particles
is an important factor in adjusting the viscosity of the paste. Viscosity in the low shear rate
region varied depending on the amount of binder resin adsorbed, which should be related to
the smoothing of the paste surface after paste printing. Several types of particles may be used
in the paste. However, difference in size and/or specific gravities of the particles may cause
separation of these particles in the paste. Our research group has also found that the degree of
the separation is related to the solubility of the binder resin in the solvent.

Keywords : pastes, printable electronics
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Synthesis of partially silylated form using Qs" ('Facluty of Science and Technology, Tokyo
University of Science, *Interdisciplinary Research Center for Catalytic Chemistry, National
Institute of Advanced Industrial Science and Technology (AIST)) ONaoya Okamura,' Kazuki
Yamamoto,' Masayasu Igarashi,” Takahiro Gunji'

Polyhedral oligomeric silsesquioxane (POSS) is a molecule consisting of a cage framework
of siloxane bond (Si-O-Si) with side chains. Recently, POSS has attracted attention as building
blocks for organic-inorganic hybrids. Qs !, which has a hydroxy group as a side chain, was
isolated stably for the first time in high yield. In the previous research, we reported that the
POSS cross-linked polymers using Qs! resulted in the preparation of hard and brittle free-
standing film. The hard and brittle properties of the film may be due to the random network
structure of cross-linked polymers of POSS. In this study, therefore, partial silylation was
performed to control the structure of Qs™ by reducing the number of cross-linking
reaction points.

Qs was dissolved in THF to prepare a 2.0x102 M solution. Qs was silylated with
chloro(trimethyl)silane in the presence of pyridine at room temperature. After the reaction,
NMR, IR, and ESI-MS revealed the formation of silylates having six or seven trimethylsilyl
groups substituted for a POSS molecule.

Keywords: Siloxane; Polyhedral Oligomeric Silsesquioxanes; Organic/inorganic hybrids;
Building block; Silylation

NI LT AR F 92 (POSS)IE, v 3 U 4EE (Si-0O-Si)Ds B 72 5 0 2Bk
EHEN SR D THY, A-TBENA 7y FOELT 47T ay 7 L LT
HHINTWD, N ReX o Ql ITZEMICHEECX 2L e LTH
HENTHD D, ZHETIZ, QM 2= POSS ZEIEE 10+ DA EIT T2 & 2 A,
< TRV RSN S 7z, ZORKE LT, POSS BB GE S T DX NT &
LTy NU—IEEER L Q0D 2 ENRE X HID , ARFIE TIIAE OGS % 8 5
T2 LT QM OMERIEA HIyE LT, O Vb EITo O THET 5,

Qs Z THF (AR SH, 2.0x10°M DK AT LIz, 7T U FHEKAF T/ rE
(RURAF N T ) U QTR LT4,6,8 YLD HITMMA, EiiH

YU b EIT o T2, MG Ho\_/o__ ~_OH Me“sm\ o OH
T %, NMR, IR, ESI-MSho__ 2o Son Messio 236 o Siosive,
ik 0 POSS 1 A Ficxt d 4 b -npmac MesSiCl Pyridine R Y
LT 67 TS b U A F "5 0 o THF, . MesSio~ o %0 osim,
N Y NHETERI A ™ Yo o’ osive,
U AR D AR D3 53 D> Q" Q;H-silylate
>7,

1) M. Igarashi, T. Nozawa, T. Matsumoto, F. Yagihashi, T. Kikuchi and K. Sato, Nature
Commun., 12, 7025, 1-13 (2021).
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Synthesis and Characterization of Polyhedral Oligomeric Silsesquioxane with
Vinylazulene in the Side Chain

(Faculty of Science and Technology, Tokyo University of Science) ONao Fukuta !, Kazuki
Yamamoto !, Takahiro Gunji '

Cage silsesquioxane (POSS) has attracted attention as an organic-inorganic hybrid material
because of its excellent thermal and chemical stabilities derived from its siloxane bond (Si-O-
Si) based skeleton and the possibility of introducing various organic substituents into the side
chains. Recently, it has been reported that the introduction of an organic chromophore into the
side chain of POSS causes a large red-shift in the fluorescence spectrum, which is suggested to
be due to the fact that the LUMO of POSS is located at the center of the cage-structure. In this
study, we report the synthesis and optical properties of azulene, a non-benzenoid with polarized
structure, introduced into all side chains of POSS according to the following formula. The
Mizoroki-Heck reaction of vinyl-substituted POSS with 2-bromoazulene gave a blue solid.
Identification was performed by various NMR and ESI-MS measurements, and the 8-
substituted compound was obtained in higher purity. The optical property of this product was
also investigated by UV-Vis spectral analysis.

Keywords : POSS, Azulene, 3D conjugation, Optical Property, Mizoroki-Heck reaction
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1) N. R. Vautravers, P. Andre, D. Cole-Hamilton, J. Mater. Chem., 19, 4545-4550 (2009).
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Masahiro Fukuhara!, Yoshimasa Amano?3?, Motoi Machida?? (1. Faculty of
Engineering, Chiba University, 2. Graduate School of Engineering, Chiba University,
3. Safety and Health Organization, Chiba University)

Nitrate ion contamination of soil and environmental water is currently a problem due
to improper treatment of livestock excrement and excessive use of fertilizers, so there
is need to remove nitrate ions. Activated carbon, which is easy to handle and design
and low cost, is a widely used adsorbent. Previous studies have reported that anions
such as nitrate ions were adsorbed on positively charged quaternary nitrogen (N-Q)
on activated carbon fiber, whereas they repelled pyridine-type nitrogen (N-6) and
pyrrole-type nitrogen (N-5), which are slightly negatively charged due to non-covalent
electron pairs. In this study, we attempted to convert pyridine-type nitrogen (N-6) to
quaternary nitrogen by examining the N-methylation conditions. Flame-resistant
polyacrylonitrile (PAN) fiber with 20 wt% nitrogen content containing pyridine-type
nitrogen (N-6) was treated with iodomethane and by mixing the PAN fiber in methanol
for 3 days at 40°C while maintaining alkalinity. The result showed that the adsorption
of the PAN fiber could be improved from 0.03 mmol/g to 0.35 mmol/g.

Keywords : N-methylation, Adsorption of nitrate ion, Polyacrylonitrile (PAN)
fiber, Methyl iodide
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Development of sustained release materials for antioxidant depending on the surrounding
circumstances ('Graduate School of Engineering, Shizuoka University, >Kamiya Riken
Co,3School of Engineering, Shizuoka University )O Atsuya Toyoshima,! Daiyu Kodama,?
Yoshiumi Kohno?

Because antioxidant tends to be lost by self-oxidation, excess amount of antioxidant is
required to conserve products for a long period. In this study, we attempted to protect the gallic
acid (GA), a typical antioxidant, by intercalation into the layers of hydrotalcite (HT), a layered
clay mineral with anion-exchangeable property. The aim of this study is to maintain the
antioxidative effect for a long time by the slow release of GA from the HT interlayers.

The composite sample GA/HT was prepared by a conventional reconstruction method;
calcined HT was added to an aqueous GA solution at pH 7. The slow-release properties were
evaluated by dispersing GA/HT in water with the quantification by UV-Vis.

In the release test, the amount of GA intercalated in GA/HT decreased, suggesting that GA
was released into water. A peak at 370 nm attributed to GA derivatives was observed in the
eluate. Fig. 1 shows the results of the release test conducted under air and under nitrogen. The
release of the GA derivative was accelerated under air, suggesting that the GA, which lost its
carboxyl group due to oxidative polymerization, was released outside the layer. The release
depending on the oxidative circumstances will expectedly result in a more effective and longer-
lived material.

Keywords : antioxidant, composite material, gallic acid, clay, hydrotalcite
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Electrochromic Reaction on Polystyrene Nanoparticle-modified Electrode Showing

Structural Color (‘Fac. Eng., Chiba Univ., >*Grad. Sch. Eng., Chiba Univ.)) (OHayata Shirai,’
Momona Yamaguchi,” Norihisa Kobayashi,> Kazuki Nakamura®

Electrochromic (EC) materials exhibit reversible color change by electrochemical
redox reaction. Structural color is produced by reflecting light of a specific wavelength
based on a periodic structure. We aim to create novel functional materials by combining
both coloring mechanisms. In this study, polystyrene (PS) nanoparticle dispersions with
an average particle size of 210 nm were modified on ITO electrodes. The PS
nanoparticle-modified ITO electrodes showed greensh structural color. A electrolyte
solution containing a viologen derivative (HV?"), an EC material, were combined with
PS nanoparticle-modified electrode. From the cyclic voltammograms of HV?* by using
PS nanoparticle modified electrode. Potentials for the reduction and oxidation were
almost same as the case of normal ITO electrode, suggesting that PS nanoparticles and
HV?* can be used in the same system. Keywords: Structural color, Opal structure,
Electrochromism, Viologen derivative, Polystyrene nanoparticles
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Differences in the stability enhancement of several types of

anthocyanins intercalated into montmorillonite.

('Shizuoka University, *Tokyo University of Technology) OTHU ANH NGUYEN!, Yoshiumi
Kohno!, Ryo Watanabe!, Choji Fukuhara', Masashi Shibata?.
Keywords: Natural pigment; Clay; Sugar moiety; Composite material; Enhanced stability.

Anthocyanin (AN) is known as a water-soluble cationic pigment with less toxicity and
high antioxidants that have the potential for utilization in food dyeing. However, its instability
impairs consumer acceptability. The stability enhancement of AN was improved by
intercalation of cationic AN into montmorillonite (cationic-exchangeable clay, KF) layers. ! In
this study, some types of anthocyanins (shown in Figure 1) were applied to prepare hybrid
compounds (AN/KF).

We used commercially

o Hibiscus Grape skin

available dyes extracted from red Red cabbage

N
W, ;
oK
Hi y
H o

Fig 1. Molecular structures of anthocyanins

cabbage, hibiscus, and grape
skin. First of all, cationic
anthocyanins were purified by N
adsorption  column XAD-7. Hﬁ%/”
Then the purified dyes were |
dissolved in 5% aqueous formic
acid and inserted into KF
interlayers by the cation- exchange under stirring for 24 hours, followed by drying at 50°C. In

every type of AN, we prepared a range of AN/KF samples to find the saturation point of the
adsorbed anthocyanin between KF layers. The light durability of hybrid materials has also been
investigated to evaluate differences in the color stability of anthocyanins.

With the difference in their molecular structures, specifically their sugar moieties, hybrid
materials exhibited differences in saturated amounts of AN and interlayer distances. Our results
showed that the color stability of AN/KF depends on the introduced amounts of AN. Moreover,
the color stability of AN/KF from grape skin presented higher color stability over the saturation
point. This was due to the small molecular volume and few number of sugar moieties on the
AN from grape skin. Apart from the electrostatic interaction between AN and KF, the difference
in sugar moieties caused the differences in properties of AN/KF which could be attributed to
the self-association molecules of anthocyanin.

1) Kohno, Y., Hoshino, R., Matsushima, R., Tomita, Y., Kobayashi, K., 2007. Stabilization of
flavylium dyes by incorporation in the clay interlayer. J. Jpn. Soc. Colour Mater. 80, 6—12.

2) Baublis, A., Spomer, A., Berber-Jimenez, M.D., 1994. Anthocyanin pigments: comparison
of extract stability. J. Food Sci. 59, 1219-1221.
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Preparation of Organic-inorganic Hybrid Porous Membranes by Non-solvent Induced Phase
Separation Method (' Faculty of Science and Technology, Tokyo University of Science)
ONaoya Tanihata,' Kazuki Yamamoto,' Takahiro Gunji1

Silica membranes, as typified by inorganic separation membranes, have heat resistance and
mechanical strength, and are expected to be applied to water treatment and gas separation.
However, the current silica membranes are costly and heavy, and their use is limited due to the
complexity of their preparation method. In this study, organic-inorganic hybrid membranes
were fabricated by a simple non-solvent induced phase separation (NIPS) method" using
inorganic polysiloxane. NIPS method can form porous membranes by generating phase
separation when a polymer dissolved in a good solvent is immersed in a non-solvent.

Poly(MTES-co-TEOS) and poly(DEDMS-co-TEOS) were prepared by sol-gel method with
molecular weights of 91,000 and 130,000, respectively. When poly(MTES-co-TEOS) was
dissolved in DMF at 70 wt% and deposited by a NIPS method, porous pores were observed.
Poly(DEDMS-co-TEOS) membrane were non-porous because of the loose network derived
from DEDMS monomer.

Keywords: Non-solvent induced phase separation method, Separation membrane, Siloxane.
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Cross-sectional structure
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1) D-M. Wang, J-Y. Lai, Curr. Opin. Chem. Eng., 2, 229-237 (2013).
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Water separation properties of organic- inorganic hybrid membranes using POSS dendrimers
as fillers (‘Tokyo University of Science, Faculty of Science and Technology) O Misaki
Yoshida,! Kazuki Yamamoto,' Takahiro Gunji'

Reverse osmosis (RO) membranes are used in a wide range of fields, including seawater
desalination. The aim of this study is to improve the water permeation performance by pore
enlargement and increasing hydrophilicity. The synthesis of POSS dendrimers and the
investigation of the properties of RO membranes were carried out.

POSS-COOH  dendrimers were synthesized in three steps from 3-
aminopropyl(triethoxy)silane in a total yield of 6.2%. NMR showed that the structure was
stable in water for approximately 24 hours. DTA showed the decomposition temperature as
126 °C. Furthermore, the solubility of POSS-COOH to water was 18.9 wt%. We made an RO
membrane using this POSS by an interfacial polymerisation method and conducted a water
permeation test. The permeating velocity and salt rejection of the permeated water were
measured. Water permeation tests show a salt rejection rate of 99 %, which is comparable to
aromatic polyamide membranes. This is thought to be due to the repulsion between the
carboxylate and chloride ions.

Keywords: Organic-inorganic Hybrid; Reverse Osmosis membrane,; Polyhedral Oligomeric

Silsesquioxanes
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1) K. Naka, M. Fujita, K. Tanaka, Y. Chujo, Langmuir, 2007, 23, 9057-9063.
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Preparation and evaluation of organic-inorganic hybrid reverse osmosis membranes with
hydroxyl cage siloxane (' Faculty of Science and Technology, Tokyo University of Science) O
Rika Nagai,' Kazuki Yamamoto,' Takehiro Gunji'

Reverse osmosis (RO) membranes have an average pore size of less than 1 nm and are widely
used in water treatment processes such as ultrapure water production because they block ions
(Na+, Cl-, etc.) and allow water molecules to pass through. Currently, organic polymers are
mainly used, and while they have excellent water permeance, they are difficult to clean due to
their low heat resistance and chlorine resistance. Organic-inorganic hybrid RO membranes
using inorganic polymers exhibit heat resistance and chlorine resistance derived from silicon
atoms, but their water permeance is about 1/10 that of organic membranes.' In this study, RO
membranes containing POSS-OH with hydroxyl groups were prepared in the hope of
improving permeate flow rate due to pore expansion derived from the bulky backbone of POSS
and hydrophilicity derived from the hydroxyl group. In fact, the best permeability was
observed when the amount of POSS-OH added was 1 wt%. The membrane performance
decreased when the amount of POSS-OH added was 5 wt% and 10 wt%. This may be due to
the formation of aggregates among POSS due to the increase in the amount of POSS added.
Keywords: Organic-inorganic hybrid; Reverse osmosis membranes,; Cage siloxane
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1) R. Xu,J. Wang, M. Kanezashi, T. Yoshioka, T. Tsuru, Langmuir, 27, 13996— 13999 (2011).
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Synthesis of titanium phosphonate clusters and the evaluation of their photocatalytic
performance (Tokyo University of Science!) O Yuuki Kimura!, Kazuki Yamamoto', Takahiro
Gunji!

Titanium phosphonate clusters (TPCs) is a cage-shaped compound with phosphatitanoxane
(Ti-O-P) bond. In our previous study, we reported that hydrolysates of TPC retaining the cage
structure show a photocatalytic activity. This may be due to the fact that the cage structure of
TPC resembles the rutile-type crystal arrangement of titanium dioxide in the upper part of the
cage structure. Although the photocatalytic behavior of titanium dioxide is thought to be due
to the myriad arrangements of Ti and O atoms, the limited atomic arrangement of TPC is
presumed to be the photocatalytic factor as the smallest unit.

In this study, we report the photocatalytic redox properties of TPC, which was synthesized
from titanium tetraisopropoxide and phenylphosphonic acid. 30 equivalents of YPV and its 2-
propanol were dissolved in heavy toluene and the solution was irradiated with 365nm UV light.
The formation of acetone was traced by measuring | H-NMR of the solution over time. The
increase in acetone formation with increasing UV irradiation time indicated that TPC was
reduced, and 2-propanol was oxidized, indicating that TPC has photooxidation-reduction
properties.

Keywords : Titanium phosphonate cluster, Titanium-oxo cluster, Photocatalyst, Organic-
inorganic hybrid, Phosphatitanoxane bond
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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 Fluorinated Polymer Hybrid Materlals with Highly Fluorinated POSS Fillers
(!Kyoto University, *Graduate School of Engineering, Kyoto University) O Tatsuaki
Kunimitsu,! Keisuke Shibahara, > Masayuki Gon, > Kazuo Tanaka’

Highly fluorinated polymers have many unique features such as a low refractive index, water
and oil repellency, a low dielectric constant, and high chemical stability. However, they are
insoluble in general-purpose organic solvents and do not mix well with other substances, which
hinders the moldability of the materials and the possibility of precise control of physical
properties using additives. We have recently reported that polyhedral oligomeric silsesquioxane
(POSS) was highly valuable as a filler for polymer materials. ' In this work, we synthesized a
novel highly fluorinated POSS filler (FPOSS) (Scheme 1) and developed fluorinated polymer
hybrid materials to further modify the properties of the fluorinated polymer. In this presentation,
we will discuss the hybridization method and various properties of the hybrid materials.
Keywords : POSS, Fluorinated polymer, Organic—inorganic hybrid material, Fluorine, PFAS
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Scheme 1. Synthesis of FPOSS.

1) Ueda, K.; Tanaka, K.; Chujo, Y. Polymers 2018, 10, 1332
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Powderization of Gallium-Indium

The 104th CSJ Annual Meeting

Eutectic Liquid Metal and

Application to the Development of Functional Hybrids

(Graduate School of Engineering, Kyoto University) O Christopher Hiromi Shimamura,

Shunichiro Ito, Kazuo Tanaka

Keywords: Gallium-indium eutectic; Liquid metal; Composite materials; Stimulus response

Liquid metal is a general term for metals
with melting points near room temperature and
is a unique material that exhibits metal-derived
properties such as high electrical conductivity
while showing fluidity. Eutectic mixtures of
gallium and indium (EGaln), which are nontoxic
and nonreactive, have attracted much attention
in recent years as useful liquid metals and have
been combined with polymer materials to create
conductive films.! We have demonstrated that a
low-molecular-weight alkyl thiol surfactant
prevents EGaln microdroplets from coalescence
and enables us to handle them like a powder. The
surfactant would modify the oxide layer or the
exposed metal surface of the liquid metal
droplets (Figure 1). The resulting powderized
EGaln (PLM) exhibits prominent properties like
high hydrophobicity and ability to return to the
liquid bulk from the powdery state when
subjected to shear or compression (Figure 2).
We developed a composite material of PLM and
a silicone rubber that shows strain-induced
3).
Furthermore, it was demonstrated that the
hydrophobic property of PLM enables us to
fabricate a composite with a unique balloon-like

enhancement of conductivity (Figure

shape (Figure 4). In the presentation, fabrication
methods and properties of PLM and the
resulting composite materials will be discussed
in detail.

1) Zhou, X. et al. J. Mater. Chem. A 2021, 9,
10953-10965.
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Figure 1. Preparation of PLM with an alkyl
thiol surfactant.
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Figure 2. Photographic images of PLM (a)
before and (b) after sheering.
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Figure 3. Strain-induced enhancement of
electrical conductivity of LMP/silicone

rubber composite.

Figure 4. Balloon-like shaped composite.
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Reverse osmosis membrane based on organic cross-linked polysilsesquioxane with polyacrylic

acid (! Faculty of Science and technology, Tokyo University of Science) OMasato Sugino,!
Takahiro Gunji,' Kazuki Yamamoto '

Polysilsesquioxane-based reverse osmosis membranes have high chemical stability derived
from siloxane bonds, and low water permeance performance. To increase hydrophilic
properties of the membranes and water permeance, polyacrylic acid was introduced to the
BTESPA reverse osmosis membranes. The water permeance of the BTESPA membrane with
polyacrylic acid (M,~=5000) at the molar ratio of 2:1 increased more than three times compared
to bare BTESPA membrane. Chemical cleaning of reverse osmosis membrane fouled by
surfactants was also investigated. When the membrane was fouled by surfactant followed by
cleaned by water and NaClO aqueous solution, the water permeance was restored to 76%
compared to that of the initial performance.

Keywords : Reverse osmosis membrane; Silsesquioxane, Interfacial Polymerization; Fouling;
Organic-inorganic Hybrids
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Fig. 1 Preparation of reverse osmosis membranes by interfacial polymerization

1) K. Yamamoto, S. Koge, S. Sasahara, T. Mizumo, Y. Kaneko, M. Kanezashi, T. Tsuru, J.
Ohshita, Bull. Chem. Soc. Jpn., 90, 1035-1040 (2017)

© The Chemical Society of Japan - C442-2pm-14 -



BAREER B104E5FER (2024)

C442-2pm-15

BHMFEETRALEAD IR DA MEEO R E 4
(RABESGER T - RAT— 4R OWE 52! - 910 &' - A1 sih?

Stability evaluation of perovskite thin films by machine learning ('Graduate School of
Advanced Science and Engineering, Waseda University, *Center for Data Science, Waseda
University) ORyo Fukasawa,' Toru Asahi,' Takuya Taniguchi?

Perovskite solar cells (PSCs) are attracting attention because of their low production cost
and expecting high energy efficiency. On the other hand, they are susceptible to degradation by
heat, water, and light, and their stability remains an issue. So, the development of batteries that
excel in both efficiency and stability is required. The performance of PSCs varies greatly
depending on the deposition process conditions, even when the same materials are used.
Therefore, it is important to consider not only composition but also the process conditions to
develop PSCs with higher performance. In this study, we compared the correspondence
between the stability of devices considered in the data-driven way and the stability of
perovskite thin films by experiments.

Keywords : Perovskite Solar Cells,; Process informatics; Stability; Machine learning; Model
interpretation
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