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Development of Functional Luminescent Materials Using Hypervalent Element Complexes

M —4 - b IEAT - OHEE IR —RR
Kazuo TANAKA, Masayuki GON, Shunichiro ITO
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Conjugated molecules are generally highly planar, and in the aggregated state, they cause concentration quenching, in which the
luminescence is reduced by intermolecular interactions. Aggregation-induced luminescence (AIE) is known as an emission
characteristic opposite to concentration quenching, and research is being conducted on it as a solid-state luminescent material and a
bioimaging material. We have reported that by complexing non-luminescent azobenzene and azomethine, we can lower the LUMO
energy level and lengthen the emission wavelength, and in addition, we have reported the manifestation of AIE properties due to the
flexibility of the complex structure. Furthermore, we have reported narrowing the energy gap by raising the HOMO energy level using
three-center four-electron bonds in the hypervalent state, and as one example, we have reported that hypervalent azobenzene tin
compounds emit light at longer wavelengths than boron complexes. However, the conjugated surface of hypervalent tin azobenzene
compounds is highly planar, which causes concentration quenching. Therefore, in this study, we aimed to create hypervalent tin
compounds with AIE properties. In terms of molecular design, we focused on the azomethine skeleton, which allows the introduction
of substituents, and we hypothesized that the introduction of a substituent to the C=N bond site would cause distortion of the conjugated
plane due to steric hindrance, thereby increasing molecular mobility. We investigated the change in optical properties of this
hypervalent tin azomethine compound by imparting excitation drive, which shows large structural relaxation in the excited state. We

also attempted to apply it as a stimuli-responsive material for coordinating molecules.
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HzN Ph,SnO (1.0 eq.) W
R + — ) Br
EtOH r .sn.
Br OH HO Br reflux, 12 h g{ -F>r?

R =H, Me, Ph TAmH R=H 84%
TAmMe R=Me 51%
TAmPh R=Ph 33%

(1.0eq.)

R
Br FsC, CFs /Q/&N
R' Br
¢l EtsN (2.0 eq.) o—S'n. Br
SN * S i 0
Cl benzene F.C /'
Br on O FsC CF, rt, 14 h s )
FiCoY CFs
CCFy
AmH R'=H 1(1.0eq.) TAMHCF3 R'=H 69%
AmMe R'=Me TAmMeCF3 R'=Me 48%
N C.H C..H Pd,(dba); (3 mol%)
BQ 12728y g 12Ts XPhos (6 mol%)
B SnMe
~ Me3Sn Q.O 8 toluene
FaC 3 110 °C, 48 h
X
CF
FaC G, 8
TAMHCF3 R'=H 2(1.0eq.) PTAmHCF3 R'=H M,=7100, M,, = 8300, 17, 8%

TAmMeCF3 R'=Me
Scheme 1 Synthesis of hypervalent tin compounds.
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D=
PTAmMeCF3 R'=Me M, =4700, M,, = 6000, D = 1.28, 8%

Table 1 Optical properties of tin compounds in CHCls
(1.0x1073 M) and solid state

Jabs (nm) — Zp (nm) Dou Dyolia

TAmH 459 573 0.345 0.081
TAmMe 423 561 <0.01 0203
TAmPh 438 640 <0.01 0.211
TAmHCF; 456 571 0.317 0.083
TAmMeCF; 418 581 <0.01 0.113

N S,

Fig. 1 Packing structures of a) TAmH, b) TAmMe, and c)
TAmPh.
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Fig. 3 a) VT-PL spectrum of PTAmMeCF3 film with phen
from 300 K to 500 K (excited at absorption maximum). b)
Relationship of temperature and the peak wavelength. c)
Relationship of temperature and PL intensity.
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Relationship of temperature and the peak wavelength. c)
Relationship of temperature and PL intensity.
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Determination of Molecular Parameters of Qatarized Poly(2-vinyl pyridine)

WA Bk - ihik Bt - sBK Bz - A F
Momona YAMAUCHI, Tomoya CHOSA, Akiyuki RYOKI, Yo NAKAMURA
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Intrinsic viscosities [#77] of eight Poly(N-methyl-2-vinylpyridinium chloride) (MeP2VPCIl) samples with different weight-average
molecular weights My ranging from 4 x 10° to 2 x 10°in aqueous NaCl with the salt concentrations Cs = 0.005, 0.01, and 0.1 M at
25°C were measured. The obtained data were analyzed using the theory for the wormlike chain model to obtain the molecular
weight per unit contour length My, the stiffness parameter A~! and the excluded-volume strength B as functions of Cs. The obtained
M values were much larger than the calculated value assuming the stretched main chain and depended strongly on Cs, suggesting the
curly conformation of the main chain. Although the values of B for MeP2VPCI were close to those for sodium poly(styrene
sulfonate) (NaPSS), the values of 2! for MeP2VPCI were much larger than those for NaPSS. This was attributed to the position of

the ionizing group of MeP2VPCI much closer to the main chain than that of NaPSS.
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Scheme 1. Synthesis scheme of MeP2VPCI.
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Figure 1. Intrinsic viscosity of MeP2VPCIl in NaCl
ag. at the indicated Cs double-logarithmically plotted
against My,.
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Figure 2. Intrinsic viscosity of MeP2VPCI in NaCl
aq. at Cs=0.01 M double-logarithmically plotted
against M,,. The solid and dot-dashed lines show
the theoretical values for M. =900 and 1150 nm™',
respectively.
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Figure 3. Molecular weight per unit contour length
for the indicated polymers plotted against Cs™'/2.
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Figure 4. Stiffness parameters for MeP2VPCl and NaPSS
in NaCl aq. plotted against Cs™'/2. Dashed line, fitted line to
MeP2VPCI data; solid line, calculated values by the OSF
theory.
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shows the calculated values by the FS theory.
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Precision Synthesis of Block Copolymers Having Urea Junction and Junction-Specific Micro-Phase
Separation
KA k- D
Makoto OUCHI, Suguru SONOBE
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

We achieved lamellae formation via phase separation of PS-PMMA block copolymer having relatively low molecular weight [M, ~
11400, DP, = 42 (PS), 69 (PMMA)] through introduction of discrete bis-urea component at the junction. A library modification for
the junction structure while fixing the molecular weights of two segments led to the discovery of the unprecedented behavior. The
cyclohexylene spacer between urea bonds is crucial for affording the ordered structure, and the slight change of the spacer structure
resulted in disordered structure. FT-IR analyses revealed the hydrogen bond interaction between bis-urea junctions is indispensable
for the phase separation. The hydrogen bonding interaction at junction cooperates with the phase separation of block copolymer to
stabilize the transient lamellae formation during the thermal annealing at 150°C. The cooperative self-assembly was further
supported by the experiments with blends of junction-matched/mismatched block copolymers.
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Figure 2. Previous work: design of oligopeptide-junction
PS-block-PMMA.
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Figure 4. Library synthesis of PS-block-PMMA carrying
various urea junctions.
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Figure 5. Effects of the spacer between urea bonds at junction
of the C5-R,-C6 PS-PMMA block copolymers (R2: Cy, C6,
C4, and Xyl) on the phase separation behaviors. SAXS profile
of the freeze-dried (FD) and thermal annealed (TA) samples.
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Figure 7. Plausible mechanism of hydrogen bond-assisted
phase separation of C5-Cy-C6.
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A Database for the Reactivity Ratio in Radical Copolymerization
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Although a significant amount of knowledge on copolymers and copolymerization has already been accumulated in the literature, no

freely available databases with a proper graphical user interface (GUI) for copolymerization currently exist. This study focuses on

copolymerization involving only two types of monomers, emphasizing fundamental aspects, and specifically targets radical

polymerization, the most widely used polymerization method. Here, we introduce CoPolDB, a database dedicated to

copolymerization, equipped with numerous user-friendly GUI features. Key functionalities include: (1) graphical representation of

multiple connections (with varying reactivity ratios) between two monomers and their corresponding copolymer, facilitating intuitive

understanding; and (2) a list of alternative monomers for each monomer pair, ranked by their similarity to the original monomers. We

believe that CoPolDB serves as both a comprehensive resource for understanding the current state of copolymerization and an

inspiring tool to advance polymer chemistry research. CoPolDB is freely accessible at https://www.copoldb.jp/.
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Fig. 1. Copolymerization: (a) the general reaction scheme and
(b) the four propagation pathways involving the
copolymerization (Reproduced from ref. X with permission
from the Royal Society of Chemistry.)
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Fig. 2. The database structure (entity relationship diagram) of
CoPolDB, which consists of three tables: Monomer, Copolymer
and Copolymerization. These three tables are connected through
the entry IDs of the Monomer and Copolymer tables. That is,
the Copolymerization table refers to the Copolymer table
through the Copolymer ID, i.e. the entry ID of the Copolymer
table. Similarly, the Copolymer table refers to the Monomer
table through the Monomer ID. The Copolymerization table
contains Digital Object Identifier (DOI) information, enabling
users to access relevant papers of interest. (Reproduced form
ref. 18 with permission from the Royal Society of Chemistry.)
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Fig. 3 Interface examples: (a) Monomers “Browse”: for each monomer, the chemical structure, the monomer names, the molecular
formula, the molecular weight, how many times used for generating copolymers, and how many times used in copolymerization
reactions, are shown. The last two items have hyperlinks to the corresponding entries in the copolymers “Browse” page. (b) Copolymers
“Browse™: a list of monomer pairs (each corresponding to a copolymer and linking to the detail page of (d)) is shown. This page can be
switched to the corresponding Copolymerizations “Browse” page by clicking ‘copolymerizations’ in the upper right corner. (c)
Monomers detail page: for a monomer (styrene), the identifiers, the molecular structure, the computed descriptors, the MOL file, and
any similar monomers, are shown. (d) Copolymers detail page: the F1/f1 plots, the scatter plots and a reactivity ratio table with DOIs are
shown. The alternative monomers usable in copolymerization reactions are suggested. (Reproduced from ref. 18 with permission from

the Royal Society of Chemistry.)
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Design of Functional Materials via Interfacial Accumulation of Cellulose Nanofibrils
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In nature, ordered structures of cellulose nanofibrils (CNFs) exhibit unique material functions

such as structural color, selective mass transfer, and humidity sensing. In artificial system, however,

fabrication of such precise structures is restricted by the entanglement of CNFs with high aspect ratio.

Herein, we focused on the potential of liquid interfaces as a platform for CNF ordering. Langmuir-

Schaefer (air-water interface) technique and Pickering emulsion-templating (oil-water interface) were

used to develop aligned monolayers (2D) and porous cell structures (3D) of CNFs, respectively.
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Fig. 5 FE-SEM images of the skin layer of
porous microsphere (left) and cross-sectional

image of the particles (right).
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Fig. 6 Cross-sectional images of the porous

membrane composed of CNF-covered porous
particles. X-ray CT (left), FE-SEM (right).
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Development of a high-performance small-angle light scattering instrument using a new optical

system and its application to the structural formation process of soft matter

HE OB VEHE ER - A - N JRZ
Tsuyoshi KOGA, Koji NISHIDA, Tsutomu FURUY A, Hiroyuki KOJIMA
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

We have developed a small-angle light scattering (SALS) instrument with wide scattering vector and wide dynamic ranges. The

instrument covers ca. 3 digits in scattering vector and ca. 5 digits in dynamic ranges. The wide scattering vector range was achieved

by combining a very small beam stopper based on a new concept and a method of indirect imaging of a wide screen. The wide dynamic

range was achieved by using an apodizing filter specially designed for the present SALS instrument. We have also developed a

correction method for quantitative analysis of the data over such wide scattering vectors and wide dynamic ranges. Finally, examples

of the application of this SALS instrument to the structural formation process of soft matter are presented.
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Fig. 1 (a) Schematic diagram of the optical geometry of the SALS instrument. P;: polarizer; A,: aperture (diameter = 1-6 mm); L;:
lens (F,=200 mm); A: aperture (diameter = 0.2 mm); L,: lens (¥, = 50 mm); ND: neutral density filters; L;: lens (5= 300 mm); S:
sample; P,: analyzer; CP: circular polarizer with a small hole consisting of polarizer P;and quarter-wave plate QWP; P,: polarizer; D:
screen (detector plane); AF: apodizing filter. (b) Schematic illustration of the polarization directions of the incident beam and the
polarizers for Vyscattering condition. (¢) Schematic diagram of the configuration of the screen unit and the change in the polarization
state of light transmitted through the polarizers. The light passing through the hole of the CP and the light passing through the area
other than the hole of the CP are shown in blue and red, respectively. Reproduced with permission from ref 2). Copyright 2023 The

Society of Fiber Science and Technology, Japan.
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Fig. 2 Schematic illustration of the propagation of the
scattering light from the sample S to the camera unit through
a point P on the screen D. Reproduced with permission from
ref 2). Reproduced with permission from ref 2). Copyright
2023 The Society of Fiber Science and Technology, Japan.
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Fig. 3 Scattering light intensity distribution of the diffuser
plate. The dashed line indicates cos®. Reproduced with
permission from ref 2). Copyright 2023 The Society of
Fiber Science and Technology, Japan.
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Fig. 4 (a) Two-dimensional scattering light intensity /c(p) for
apinhole (diameter=100 um) without the apodizing filter. (b)
The same measurement as (a) with the apodizing filter.
Reproduced with permission from ref 2). Copyright 2023
The Society of Fiber Science and Technology, Japan.
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Fig. 5 (a) One-dimensional scattering intensity /(¢g) for a
pinhole (diameter=100 pm) without the apodizing filter. (b)
The same measurement as (a) with the apodizing filter.
Reproduced with permission from ref 2). Copyright 2023
The Society of Fiber Science and Technology, Japan.
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Fig. 6 Two-dimensional scattering intensity /(q) for a
diffraction grating (period=1 um) with the apodizing filter.
Reproduced with permission from ref 2). Copyright 2023
The Society of Fiber Science and Technology, Japan.
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Fig. 7 (a) Micrograph of fine PET spherulites. (b) Two-
dimensional Vyscattering intensity for fine PET spherulites.
(c) One-dimensional intensity profile that is the average of
the profiles at @ = 45°, 135°, 225°, and 315°. The white
dotted line in (b) indicates the maximum g range of the SALS
instrument reported in 2008%. Reproduced with permission
from ref 2). Copyright 2023 The Society of Fiber Science and
Technology, Japan.
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Fig. 8 (a) Micrograph of PHB band spherulites. (b) Two-
dimensional Vyscattering intensity for PHB band spherulites
without the apodizing filter. (c) The same measurement as
(b) with the apodizing filter. (d) One-dimensional intensity
profile that is the average of the profiles at @ = 45°, 135°,
225°, and 315° in (c). Reproduced with permission from ref
2). Copyright 2023 The Society of Fiber Science and
Technology, Japan.
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Design of Individually Separated Supramolecular Polymers
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Supramolecular polymers are expected to lead to sustainable recyclable materials due to the reversible nature of non-covalent bonds

which hold monomeric units together to form a polymeric chain. However, unlike covalent polymers, solution-processing methods
for supramolecular polymers have not been established yet. One of the difficulties to this end is that supramolecular polymers are
inherently insoluble in a solvent in which the polymer is formed, and they often precipitate in or gelatinize the solvents. In this study,
we propose a monomer design concept which would enable to prepare a homogeneous solution of supramolecular polymers. We
succeeded in spinning self-supporting threads from the-thus obtained solution of supramolecular polymers.
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Hole Transport Properties of Conjugated Polymer Chains in Insulating Polymer Films
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We have studied the improvement in charge transport properties of several conjugated polymers blended with an insulating
polystyrene (PS). Herein, we employed a crystalline conjugated polymer (J61) and an insulating polymer of an olefin polymer
(ZEONEX) in addition to PS. As a result, we found that hole transport properties of J61 were more improved in J61/PS blend than
in J61/ZEONEX blend films, both of which remained efficient charge transport even though insulating materials were incorporated.
By measuring AFM images of these films, we found that phase-separated structures are much larger in J61/ZEONEX than in J61/PS
blend films, suggesting that film formation is relatively slower in the J61/ZEONEX blend. In order to discuss morphological
changes of conjugated polymer chains during the film formation, we measured the time evolution of the absorption spectra during the
spin-coating. Consequently, we found that J-aggregated structures are dominant in the solution but H-aggregated structures are
more likely to be formed with the progress of solidification. In other words, the shorter the solidification time, the less the
formation of H-aggregate morphology and amorphous regions, and the more the J-aggregate morphology is maintained, resulting in
the better the hole transport properties. We therefore conclude that it is important to use insulating polymers with short
solidification times in order to improve hole transport properties.
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Fig. 1. Chemical structures of materials employed in this
study: a) J61, b) PS, and ¢) ZEONEX.
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Fig. 2. J-V characteristics of J61 neat (black), J61/PS
blend (red), and J61/ZEONEX blend (light blue) films.
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Fig. 3. Top) Current AFM images and bottom) AFM height images of a) and d) J61 neat, b) and e) J61/PS blend, and ¢) and f)
J61/ZEONEX blend films.

Table 1. Hole mobilities of J61 in neat and blend films.

Samples &r L/nm  p/cm? Vs’
Jol 3.0 53 41x107
J61/PS 2.7 57 7.1 %107
J61/ZEONEX 2.6 56 3.2x107°

Dielectric constant of J61 was assumed to be 3.0.

Dielectric constants of blend films were estimated on the

basis of the weight average of each material: PS (2.5) and

ZEONEX (2.2).7%
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Fig. 4. Time evolution of absorbance measured at 650 nm
during the spin-coating of J61 neat (black), J61/PS blend
(red), and J61/ZEONEX blend (light blue) films.
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Fig. 5. Absorption spectra of J61 in chloroform (gray), J61

neat (black), J61/PS blend (red), and J61/ZEONEX blend

(light blue) films.
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Local Differentiation of Human Pluripotent Stem Cells Using Hydrogel Materials
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nstitute for Life and Medical Sciences, Kyoto University
? Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Human pluripotent stem cells (hPSCs) dynamically respond to their chemical and physical microenvironment, dictating their behavior.
However, conventional in vitro studies predominantly employ plastic culture wares, which offer a simplified representation of the in
vivo microenvironment. Emerging evidence underscores the pivotal role of mechanical and topological cues in hPSC differentiation
and maintenance. In this study, we cultured hPSCs on hydrogel substrates with spatially controlled stiffness. The use of culture
substrates that enable precise manipulation of spatial mechanical properties holds promise for better mimicking iz vivo conditions and
advancing tissue engineering techniques. We designed a photocurable polyethylene glycol-polyvinyl alcohol (PVA-PEG) hydrogel,
allowing the spatial control of surface stiffness and geometry at a micrometer scale. This versatile hydrogel can be functionalized with
various extracellular matrix proteins. Laminin 511-functionalized PVA-PEG gel effectively supports the growth and differentiation of
hPSCs. Moreover, by spatially modulating the stiffness of the patterned gel, we achieved spatially selective cell differentiation,

resulting in the generation of intricate patterned structures.
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Molecular design and mechanism of spider silk proteins
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Department of Material Chemistry, Graduate School of Engineering, Kyoto University

Spider dragline silk's exceptional mechanical properties, coupled with its benign production pathway, have inspired the design of future
smart materials. Numata lab explores the biomimetic potential of major ampullate spidroin (MaSp1), the main component of dragline
silk, via a recombinant platform for expressing a full-domain construct with six repetitive elements. Parameters governing MaSp1
phase separation and self-assembly were probed in the context of biologically relevant physicochemical gradients. MaSp1 solubility
was strongly tied to NaCl concentration, and readily underwent liquid-liquid phase separation (LLPS) in response to multivalent anions
following the Hofmeister series. The rapid, spontaneous self-assembly of MaSp1 into hierarchically ordered fibrillar mesoscale
structures was triggered by modulating LLPS and pH gradients, with early events analyzed using real-time fluorescence microscopy.
Significantly, the biomimetic condensate structures of MaSp1 could efficiently be converted into insoluble silk-like fibers through
mechanical deformation that induced the emergence of B-sheet structures responsible for the crystalline content of silk fiber.
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Figure 1. Spider silk big database-driven molecular design for inducing unique self-assembly including liquid-liquid phase
separation (LLPS) and microfibrillar network formation. a) The top page of “Spider Silkome Database” (Silkome).! This is
available in https://spider-silkome.org/. Copyright 2022 AAAS. b) Domain structure of the major ampullate spidroin (MaSp),
mostly composed of N-terminal, C-terminal, and repetitive domains. ¢) Spinning mechanism of spider silk proteins from the
secondary structures, liquid droplets (optical image), microfibrillar networks (confocal laser scanning microscopy image) to
spider dragline.? Copyright 2024 Wiley-VCH GmbH. d) Artificial spider silk fibers produced through LLPS process without
organic solvent. ¢) SEM images of artificial spider spidroin fibers produced via LLPS. There are bundle structures of
microfibrils.* Copyright 2020 AAAS. f) Various products generated from artificial spider silks or spider silk-like structural
proteins (left) and spider silk-like structural proteins-based car doors developed in JST-ImPACT project, Japan. The figure is
originally from the previous report.® Copyright 2024 Wiley-VCH GmbH.
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Figure 2. Hierarchical Structures of spider dragline. a) Golden dragline of Trichonephila clavata. b) Schematic illustration
of spider dragline.® ¢) SEM image of the dragline from 7. clavata® where the skin layer around the protein core fiberhas
contracted. d) Field emission scanning electron microscopy image of the dragline after the protease treatment.” Copyright
2020 Frontiers. The bundle structures of microfibrils are exposed by removal of the skin layer. e) Schematic illustration
of beta-sheet crystals embedded in the amorphous phase in the silk fiber.®? ) The typical crystal structure of the antiparallel
beta-sheet structure of polyalanine sequence. The broken lines indicate the hydrogen bond formation. g) Atomic force
microscopy image of beta-sheet crystals generated from B. mori silkworm silk.!” Copyright 2010 Elsevier. h) In-vitro
microfibrillar network formation via LLPS and NTD dimerization. i) Typical 3D structures of NTD dimer from
Trichonephila clavipes.!' Copyright 2023 American Chemical Society. The dimerization of NTD leads to microfibrillar
formation, while the CTD and the repetitive domain induce LLPS.* Spider dragline is composed of various proteins
including MaSp, other spidroins, and additional smaller proteins such as Spider-silk Constituting Element (SpiCE).'* '3 The

figure is originally from the previous report.® Copyright 2024 Wiley-VCH GmbH.

HilfEFs L O A T XU, BERIIIE, D TRV )RR
MHEFFONLD 7 EORMHELZ ERETE 5, AFFETIEL,
MaSpl &\ 9 A Y Ru A o Db —MRI 74y & AP
L12DDT Ty 74— LEAFHR L, £DHCESDFEE)
FHLNT LT,

2. MaSplDAEER & B EMkE

AWFFETIL, 7 BEFIADTEARE S THY . T D50~
80%% 55 Z &b HMaSpliciEH L7, MaSplid, &
FEZ2#k 0 IR LECAI & | MRUGIINRSG B A A >, CARYm K A
AV EMHINAHEBE R OAE Kl v O—>Ths, =
DOEFN DRI B KA A AEIX, 7 FORDOARIZIBNT
ENENR ZEBELREEEZR T EnmohTna,
D1, BAIOEEIL., HAOMaSpl AL Ru A R
BRI Z R D 6 b | Bl L S 7-Els T A LRI
MaSpl # B L OGKT 28 TH D, FrZ, M0 IR LA
FNIEHE LT W2 HEZ AL O RITICMaSpl O I %
EFLZ2D B G, ML TRE ey TG A BT 5 2 &)
ETH o712, £77. MaSplDFER D R A A A4EEL Hi
HARIED KA A U BIE LDIRITAEE 2 HEFF L, & OHEE
EWMRCTEDDEMWRTHILNERH T, ZOLIIT, N
K KA A >, CRMG RAA > S 5T6E DM K LES
2572 HMaSpl N-R6-CHEEIR A 3¢ - Gk LTz, &# v N2
B, KM &R U7z s 1o 2 Hc L v R L
Ted, T2 TIEEEITRIE T S, 55472 MaSpl N-R6-C#
URUEI HFES2kDadD "BiK & L CIAIR T CRER

ZBEbhi, 2

WIZ, 7FEDERATRIEROBRIZA SN DB X
W RYBREE DRI D MaSpl DE B A Fi~7-, 7 &
SHROFRRAR MaSp72 ED T R LT EHT-9D D5y
WRDO—2) TRLNDA A OREANEIZIST T,
MaSpl 25, - #8457 Bff (Liquid-Liquid Phase Separation:
LLPS) R ZIZHEL D Z ENHL N E o7, BMRVZ
L2, MaSpl OLLPS O [ANL, i I ZALTW Ao
AERBaA L THDHMaSp2 & LB L THIWZ & 23b
ST, AT OWREN B LN D —DDfEIX, B d AR
B A G SRR D BRI LT < B2 S AH A Bt
HEERTIETHD, SHROPETIE, B2HAE KR
A2 (T2 BERECS O FL 7 B MaSp) AR K OB
TRBRBEZAIT S U COMNZIIRE L, il 2 ORI H CES
T 200, ZNE LT RTOREITE W CTRIEMNICERT
LD E N T BB EE RRT 2R DD,
SDICEERFEAE LT, T M@ E0SEM (pHS.0~
5.5) TLLPSS#FE &5 & MaSpl NSl Ze~ A 7 o il
Fv MU — 7GR Lz (Figure3) , 2 bHD~A 2
0747 UKy 8T — 7 EEOERITREIZAT DL,
MEEROBEE BB TH D Z LR ENT,

EHIZ, MaSplDHCESEE=F VY 7T 5 Hik%H
%6 LTz, 290G, S AU 7-MaSpl 2 B iE D Sefthic TS L
— BB RIC IV Lz, XA FIAT 4 v
(ERi) 7L ABLOTER Z 758 L, IO 72
BV T NEA LTBIET D LIS LT, U il



1.35 -

1.30 -

1.25 -

fluorescence ratio (339/351 nm)

)

c’ N o ."j
‘\;.t\"’)—"‘
OO B

)‘0\",

KP; pH 6 (final) Fnd \e

Na-citrate pH

Figure 3. Acidification drives self-assembly of MaSpl into submicron fibrils. (a) Monitoring pH-directed
dimerization of MaSp1 N-R6-C via the NTD via fluorescence emission shift assays. Curves at three different NaCl
ambient concentrations (25, 150, 300 mM NaCl) are shown. (b) Confocal light micrographs showing mesoscale
condensate structures of MaSp1 that formed spontaneously upon mixing equal volumes of 20 mg mL-1 of N-R6-C
solution and 600 mM of KPi at the indicated pH values (with a background of 500 mM NaCl). The morphology of
the MaSp1 condensates is highly sensitive to the pH conditions, with acidification leading to self-assembly of
submicron fibril networks. Also shown are structures obtained using sodium citrate buffer (pH 5.0), which produces
identical results to KPi pH 5.0. Scale bars = 10 pm. (c) 3D reconstruction of self-assembled MaSp1 fibrils showing
propagation of the network across three spatial dimensions. The image is colored by z-depth with a range of 0—30

um. Scale bar = 50 pm. The figure is originally from the previous report.> Copyright 2024 Wiley-VCH GmbH.
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Natural rubber (NR) exhibits strain-induced crystallization (SIC) which improves fracture toughness. Most of previous studies on
SIC of NR have employed uniaxial elongation as a trigger, while rubber products are usually subjected to complex deformation in

service. SIC under non-uniform strain has not been investigated fully, despite its significance. We have characterized SIC in NR

induced by a non-uniform deformation during the uniaxial stretching of a wide sheet along the short axis. Digital image correlation

(DIC) techniques reveal that the resulting non-uniform deformation includes a range of deformation ranging from uniaxial to planar

stretching. Simultaneous fast-speed thermographic analysis uncovers a non-uniform distribution of heat generation via

crystallization, reflecting the non-uniform strain distribution. These independent methodologies unravel a crucial role of strain

biaxiality in SIC.
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Fig. 1 (a) Illustration of “pseudo-planar elongation” of wide NR sheet specimen, (b)-(¢c) 2D distributions of (b) &, (c) 44 ata
macroscopic true strain of £, = 1.79 evaluated with DIC technique. Scale bar indicates 15 mm.
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Effects of Particle Size on Hierarchical Structures of Rubber-Filler Systems
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We investigated the hierarchical structures of poly(styrene-ran-butadiene) (SBR) rubber/carbon black (CB) systems vulcanized with
sulfur and ZnO. In order to eliminated the effects of Zn on the scattering intensity we employed anomalous small-angle X-ray scattering
(ASAXS) near the Zn absorption edge and obtained the structure factors of CB in the SBR/CB systems. By analysing the structure

factors of CB, we clarified the hierarchical structures of CB.
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Fig. 1 Schematic image for hierarchical structures of filler

in rubber.

AR AEERI R A RO D Z & AR AT, ASAXSIE, %
RO TR DSy OMEER T2 E &5 a L F T A RE
ILHELETH D, XBROBELESLCa LV N T AN T 77 #—
DRI CRaMICE T 5 Z 2 Ix L <mbn T b,
ASAXSEBRTIL, %ibd 5 X 91z, S RD1IKT O
U ST 155 O BELER I O A B XA = %L 5 — K 11 & 8
L. HUELBRE O A XBR= RV — IR TE I & fifT 35 2 &
2LV, ROKMER 12572, Zn0FELrI LT 47—
FOEA . ASAXSIZIFZn DKWL &2 TR 5,

AW TlE. ASAXSHEZ VT, ZnO THIHR L 7-SBR/CB
FIZBWT, CBOBEMEIZOWTHLNITEZ L%
HHET 5,

2. EER

2—1. Y7L

= A& LTI, Poly(styrene-ran-butadiene) (SBR; Nipol
1502, HAE A (#R) &M H L7z, CB (HAFZ L — K) i
B — R BB AF L, RUTRT X DI,
CBH#. O ¥ 72 5 9RE¥E DSBR/CBY > 7 /L & i L 7=, CB,
AT T U UMk (StAc) | ZnO% /32 /N — X 4 —T280F)
NI TSBRIZZ AT RL, A—Frr—L I EHN
Ta /"y R LUIZSBRICHIE & EEAlZREG Lz, 20
. 160°C T304 IR L 7=,

2 —2. ASAXSHIE

SPring-8 CBLO3XUMDASAXSHIE 24T > 7oo ARXHRO =
FIVX — (X Zn DKWL UG £ 9 9.634, 9.639, 9.644, 9.647,
9.650,9.652, 9.655,9.657keVIZHRE L 1=, —RITHHERIZIE
PILATUS-IM% F\ 7=, 3B SR £ CoiEI2.5m
E78mTH Y, BELNZ FADOKRE &/20.012 nm 52 51.8
nmm!' CThHoTz,

q = (4m/2)sin(0/2) ey

ZIZT, ALEENENARE—LDOHKE LHELATH
%o B2 T — Z 1%, BB ORI A A IE L. 2250
ILEZE LW, MBI X > TIRIGSAXST — 4 12



Table 1 Composition of samples (phr) used in this study

Code SBR CB Stearic Acid® Sulfur Accelerator® Antioxidant ZnO
SBRCBO05 100 5 2.0 2.0 2.5 1.0 3.0
SBRCB10 100 10 2.0 2.0 2.5 1.0 3.0
SBRCB15 100 15 2.0 2.0 2.5 1.0 3.0
SBRCB20 100 20 2.0 2.0 2.5 1.0 3.0
SBRCB35 100 35 2.0 2.0 2.5 1.0 3.0
SBRCB50 100 50 2.0 2.0 2.5 1.0 3.0
SBRCB65 100 65 2.0 2.0 2.5 1.0 3.0
SBRCB&0 100 80 2.0 2.0 2.5 1.0 3.0

3CH3(CH2)16COOH, "TBBS:N-tert-Butyl-2-benzothiazyl sulfeneamide
BT, BB BRIF LR U AEUED B OBGEL & Frik
ﬁé:&a:ib‘ %%ij—ﬁgllgﬁga:%@bfcc 108 T T T IIII T T T T P | III
(iii) (i) i
7 - - #’

3. HERLEEE 10 —— 9657 keV |
S—1. SAXSHELER e
Fig.21Z(a)SBRCB80, (b)SBRCB20, (c)SBRCB05M AKX S ggg‘; 'ﬁzx
BT AR E | L DSAXST B 7 7 A L DAL E R, = 0 — 9644 keV ]
Koga®H|Z X% &, CB/SBREADHE T 1 7 7 A MFLFD = o'k - ]

W ONDOFIRIZS3 1T B D (Koga et al., 2005) : (i)Eiqif 9

W, 7720503 m!<q<1am!'TlE, HELTr T 7 A v = 10'f

I(QITFRE-33D~EF 2R L, CBREDORE T 77 ¥ 2l

RSN TS, (i) H [ O qREEE(0.04nm ' <q<0. Inm)

Tld, — WKL D7 DEHERY A XERHES T 5 an 10'

F—MBlE STz, (i) £ 0 Kqiik, 7559 <0.04 nm ” e
G, BRELRIE I, BT T 0 4 M O BRE RO % W e SR
v N — 7 HEEICH KT D RERAORD TN ERT, a(m’)

Fig2lZRr T L 1, Fex ORTHREEROZEFHD R 5T,
R U730 Ricmz, T TORECTq > 1.0 nm {8
Wiz a— R —r 2% R 1L, ZOv—7 ORI,
2T TV RIS D X S 7eZnfb & T % (Salguero et al.)
FREOT 17 7 A ME, q<0.03nm’ & q> 0.8 nm! TXHR
TANF I K-> TENT D, q<0.03nm ' TlE, 737
2 A — )L DZn0 DA IECUEE A HBELIRE I B L C
W5, LTeh o T, ZnDF G BCBORE I E L & H I
FTHIED, v a VF—ZCBOFRRESTR L & HICHABIC A2
5, R L72X 91, Lsnm! o v — 27 1 3Znfb- EWICH R L
THEY, LS (O T 1 7 7 A LBAXEET R F—(2
Ko Tk THZ LiIT—FHLTWD,

BiEL7a 77 AvEa L b T A MNY =23 3 (CVE
Z VTN L7, FRIESBR, CB. ZnD3fk4y & LT
B EMCE L, FEEMEIEDOSM T THELT = 7 7 A WIEEL
TOXIFERTED .

1(q,E) = [(Po,z +pz(E) — pO,SBR)Z + P"Z(E)Z] Pzz(q@) +

-
[

Fig. 2 X-ray energy dependencies of scattered intensity for
(a) SBRCB20, (b) SBRCB50 and (c) SBRCBS8O0. Scattered
intensity SBRCB50 and SBRCBSO are shifted vertically by
factors of 10 and 100, respectively.
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Fig. 3 Partial scattering function P¢¢(q)/¢cp of CB for all
samples.
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Fig. 4 P;:(q,0) is plotted as a function of ¢ in a double
logarithmic plot. The solid line corresponds to the fitting
results with Eq.(11).
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Table 2 Fitting parameter for P.-(g,0) from Eq.(11)

Acc Bcc Ccc Dcc Ecc
1.15x10° 12.3 7.19x103 2.79 8.32
+4.25x10° +14.3 +5.99x103 +0.74 +0.46
Rg (nm) Dm Rs (nm) Ds

67.7 3.17 14.0 3.86

+18 +0.43 +3.42 +0.18

X0 (nm'l) Wee Feons

1.57 1.99x10°! 4.92

+0.01 +1.3x1072 +0.40
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