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Construction of a drug delivery system by the platelet hybrid with polymer nanospheres

ORI ZREV, LR 32V, 3% a2
Yasuhiko TABATA ", Tsubasa EMI ", Jun-ichiro JO V2
! Laboratory of Biomaterials, Institute for Frontier Life and Medical Sciences, Kyoto University
? Department of Biomaterials, Faculty of Dentistry, Osaka Dental University

The objective of this study is to construct a platelet-mediated delivery system for drug incorporated nanospheres.
Poly(lactic-co-glycolic acid) (PLGA-NS) nanospheres with different sizes and surface properties were prepared by changing the
preparation parameters. When incubated with platelets, PLGA-NS prepared with poly(vinyl alcohol) suppressed the platelet
activation. It was revealed by the flow cytometric analysis that platelets associated with PLGA-NS (platelet hybrids, PH) had a
similar biological property to that of the original platelets. When applied in an in vitro model of tumor tissue composed of an upper
chamber pre-coated with fibrin and a lower chamber culturing tumor cells, the PH with PLGA-NS incorporating an anti-tumor drug
suppressed the growth of tumor cells through the specific adhesion onto the upper chamber and drug release from the upper chamber.
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Figure 1. Number of platelets 30 h after incubation with
PLGA-NS of different sizes prepared in the presence of various
surfactants (PVA, pl5, and pl9). The ADP and thrombin (Thr)
were used as agonists for platelet activation. n.s.: not
significant. * p < 0.05: significant differences between two
groups. This figure is used in the literature .
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Table 1. Preparation and physicochemical properties of PLGA nanospheres 9.

Preparation condition Property
Code Surfactant PLGA Stirring rate NaCl Apparent size PD Zeta potential
(Wiv%) (wiv%)  (rpm) (mM) (nm) (mV)
PVAz00 1 2 80O - 220 + 0.93% 0.047 -0.77 + 0.16
PVAso 1 2 400 500 470 = N 017 -062 = 0.098
PVA700 4 4 400 1,000 660 = 14 021 -0.56 =+ 0.11
plS5a00 1 05 800 310 + 2.7 0.15 -10 + 0.87
plSs00 2 400 490 + 1.1 0.14 -7.3 £ 0.41
plS7o0 2 4 400 600 + 29 0.16 =faBh=E: ¥
pI9300 1 0.5 1,200 290 = 1.8 0.1 -1.9 =+ 019
pl9s00 1 2 800 460 + 11 0.15 -1.9 = 0.19
pl9700 1 4 400 670 + 21 0.16 2.0 £ 058

2 Polydispersity index, ¥ Mean=SD
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Figure 2. (A) The amount of CMR-PVA200-PLGA-NS
associated with platelets 30 min after incubation with different
amounts of CMR-PVA20-PLGA-NS. (B) Flow cytometric
histograms of platelets (a), CMR-PVA200-PLGA-NS (b), or
platelet hybrids (PH) obtained by incubation with 10 (c), 50 (d),
100 (e), or 300 pg of CMR-PV A200-PLGA-NS (f). This figure is
used in the literature 9.
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Table 2. Physicochemical properties of drug-loaded PLGA nanospheres 9.

Apparent size Zeta potential Loadin
Cods - (nm) (EN) (wt%)g
PVAz00-PLGA-NS 220+ 0.939 -0.77+0.16 -
CMR-PVAzgo-PLGA-NS 240+8.9 -0.51+0.18 2.7
PTX-PVAz00-PLGA-NS 240+ 1.4 -0.59 = 0.097 9.6

alMean+SD
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Figure 3. Flow cytometric histograms of platelets (a), platelet
hybrids (PH) with PV A200-PLGA-NS (b) or
PTX-PVA200-PLGA-NS (c), or platelets incubated with PTX (d)
under the treatment without (blurred colors, a-d) or with
thrombin (plain colors, a’-d’). The platelets or PH were stained
with CD41/61. The amount of PTX in the PH (c, ¢’) was same
as that incubated with platelets (d, d’). This figure is partially
used in the literature 9.

non-coated BSA collagen fibrin

CMR-PVA -
PLGA-NS

PH

Fluorescent
CMR-PVA200-PLGA-NS or their platelet hybrids (PH) adhered
on the bare glass bottom dish or the dish pre-coated with BSA,

collagen, and fibrin. This figure is partially used in the literature
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Figure 5. Time course of CMR-PVA200-PLGA-NS released
from platelet hybrids. (A) Time-lapse fluorescent microscopic
images 0, 3, 6, 12, 24, and 48 hr after incubation of PH. Scale
bar is 10 um. (B) Time profile of CMR release from PH. This

figure is partially used in the literature *).
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Figure 6. Time profiles of B16F10 cells number cultured on the
lower chamber inserted with the upper Transwell® chamber
pre-coated with fibrin, followed by the culture without (©) or
with platelet (A), PTX-PVA200-PLGA-NS (o), and their platelet
hybrids (PH) on day 0 (e). The amount of PTX incorporated in
each group (PTX-PVA200-PLGA-NS or PH) is 5.5 pg. *, p <
0.05: significant difference against other groups at the

corresponding time. This figure is partially used in the literature
9)
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Molecular Design and Synthesis of Functional Materials Containing Protein Motifs

WHH EH] - KAl = - T8 JRPE -
TR L - &I FEs - EH Z2Z% - Foong Choon Pin + Yagi Shamitha Rao * Thagun
Chonprakun « = H {1t
Keiji NUMATA, Masashi OHMAE, Hirotaka UJI, Kousuke TSUCHIY A, Kazusato OIKAWA,
Seiya FUJITA, Choon Pin FOONG, Shamitha Rao YAGI, Chonprakun THAGUN, Kayo TERADA

Department of Material Chemistry, Graduate School of Engineering, Kyoto University

The natural motifs of proteins, such as peptides, are versatile tools in biotechnology, especially in gene/protein delivery fields. The

combinations of the motifs can create the unnatural and/or outstanding physical, chemical, and biological functionalities. DNA-free
genome editing using Cas9 ribonucleoprotein is advantageous because it introduces fewer potential undesirable genetic modifications
than comparable methods. Here, we show a direct protein delivery system for plants using a cell-penetrating peptide-displayed polyion
complex vesicle, CPP-PICsome, as a biological nanocarrier. With this system, we demonstrate nuclear genome editing by delivery of

a Cas9 ribonucleoprotein complex in Arabidopsis thaliana callus.
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Figure 1. Schematic illustration of the generation of PICsomes.

vesicle (PICsome)

Schematic illustration of protein transduction with CPP-
displayed PICsomes into plant cells. The mixing of proteins and
two peptides forms PICsome-encapsulating proteins by
electrostatic interactions. CPPs are then conjugated to the
PICsome surface in order to enhance the delivery efficiency to
cells. Protein@CPP-PICsomes were into A.

thaliana calli via the vacuum and compression method.!

introduced
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Figure 2. RNP delivery into A. thaliana calli using a PICsome.
(a) Verification of RNPs complexed with a PICsome. After the
preparation of fluorescently labeled RNPs (0.1, 0.31, or 0.62 uM)
encapsulated within PICsome (500 pM), each sample was

Efficiency
2/81627 (0.002%)
4/81627 (0.005%)

analyzed by FCS using CLSM. (b) Representative morphology
of RNP@CPP-PICsomes observed by FE-SEM (working
distance, 1.4 mm; acceleration voltage, 2.0 kV). (c) Subcellular
distribution of delivered RNP-RhB with CPP-PICsome in A.
thaliana callus. Free RNP-RhB, RNP-RhB@CL-PICsome, or
RNP-RhB@CPP-PICsome were introduced into calli via the
vacuum and pump method (—0.08 MPa, 1 min; +0.08 MPa, 1
min). After treatment, the calli were maintained in the RNP-
containing solution for 24 h. The samples were observed by
CLSM. (d) Mutation patterns in PDS detected by deep
sequencing. Top: wild-type (WT) sequence. The target DNA
sequence is shown in blue and the PAM site in red. Bottom:
Mutations detected at the gRNA2 target site in calli treated with
RNP@CPP-PICsome. The mutations are highlighted in black,
and the deletions are denoted by dashes. The editing efficiency is
shown by the number of reads with mutation/total reads. Scale
bars: (b) 200 nm; (c) 20 um. 4
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Figure 3. An all-peptide-based polyion complex vesicle
(PICsome), which contains sarcosine oligomer as a hydrophilic
block, is a promising platform for bioactive molecule delivery as
well as nanoreactor systems. After modification of the surface
with cell penetrating peptide, the protein-encapsulated PICsome
was successfully delivered into plant cells. [']
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Figure 4. Schematic illustration of PICsome formation with

reactive maleimide groups on the surface by mixing anionic and

cationic peptides. ['!]
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Figure 5. (a—c) FE-SEM images of polyion complex assemblies
formed by mixing cationic and anionic peptides: (a) Lysi»/ MAL-
SarsGluiz, (b) Ornio/ MAL-SarsGlu,, and (c) Lys¢/ MAL-
SaryGluyz. (d—f) Cross-sectional FE-SEM images of spherical
assemblies obtained from (d) Lysio»/ MAL-SarsGlui», (e) Ornio/
MAL-Sar4Gluis, and (f) Lys¢/ MAL-SarsGlu;,.
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Design strategy for narrow energy band gap without n-conjugation extension and development of

near-infrared polymer.
HH —4 - M IEAT - iR R
Kazuo TANAKA, Masayuki GON, Shunichiro ITO
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Near infrared (NIR) emissive dyes have tremendous attracted attention as a versatile platform for realizing future optical technology.

However, due to critical non-specific intermolecular interactions in condensed state, it is still difficult to obtain intense solid-state

emission in the NIR region. In particular, comparing to those of visible-emissive dyes, relatively-larger n-conjugated systems which

are essential for inducing NIR emission are unfavorable for obtaining intense emission in solid. We recently established to narrow

energy gaps between frontier molecular orbitals (FMOs) without expanding m-conjugated system. By replacing the skeletal carbon,
where only the lowest unoccupied molecular orbital (LUMO) is localized, to nitrogen (aza-substitution), it is possible to selectively
lower the energy level of LUMO. Finally, we obtained deep-red and/or NIR-luminescent materials with solid-state emission
properties through the aza-substitution. In this presentation, the basic concept for obtaining NIR emission with the aza-substitution at

the isolated LUMO is initially illustrated.
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Figure 1. a) Chemical structure of 5AP. b) Chemical
structure of 6AP. (c) Frontier orbitals of 6AP (Gaussian
16, B3LYP/6-31+G(d,p) level of theory). (d) Chemical
structure of boron complexes synthesized in this work.
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Figure 2. a) UV—vis—NIR absorption spectra of 3, 5a-b,
6a-d (1.0x10°M in CHCl;). b) Enlarged spectra in the
visible to NIR region of 3, 5a-b, 6a-d (1.0><10'4 M in
CHCly).
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Table 1. Optical properties of 3, Sa-5b, 6a-6d

Compound =R . .
6AP (3) 315 21000 614 2800 633
6AP_OMe (5a) 343 21000 632 3400 665
6AP_OH (5b) 371 25000 673 3800 714
6AP_B_OFEt(6a) 404 36000 760 12000 797
6AP_B_OH (6b) 404 35000 756 11000 795
6AP B _Ph(6c) 406 33000 768 11000 809
6AP_B_F(6d) 404 40000 762 14000 797

“ for absorption maxima ” for peaks at the longer
wavelength region ° Onset wavelength of the absorption
spectra
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Figure 3. a) Energy levels of HOMOs and LUMOs
estimated from cyclic voltammetry. b) Comparison of
Eq o (energy of the onset wavelengths in absorption
spectra) and E,cy (energy of HOMO-LUMO gap from
cyclic voltammetry). The onset potentials were converted
to the electron volt unit according to the following
formula: Enomo.cv (€V) = —~(5.10+Eox onser)s ELumo.cy (€V)
= —(5.104Eeq onser)-
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Figure 4. Frontier orbitals of 3, Sa-b, 6a-d at
B3LYP/6-31+G(d,p) level of theory.
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Table 2. Summary of TD-DFT calculation

(B3LYP/6-31G+(d,p) level)

Compound ES‘[::{];]D” I Component (coefficient)
HOMO — LUMO (0.69)
)
6AP(3) 231 0.0146 HOMO — LUMO+1 (-0.13)
HOMO — LUMO (0.69)
- .
6AP_OMe (5a) 221 0.0405 HOMO — LUMOL1 (b 13)
_ HOMO — LUMO (0.68)
572
6AP_OH (5b) 1.99 0.0572 HOMO — LUMO=1 (0.13)
HOMO — LUMO (0.69)
.
6AP_B_OEt(6a) 1.66 0.0793 HOMO — LUMO+1 (0.12)
HOMO — LUMO (0.69)
N
6AP_B_OH (6b) 1.66 0.0828 HOMO — LUMO=1 (0.12)
HOMO — LUMO (0.69)
745
6AP_B_Ph(6¢) 163 0.0743 HOMO o TTMO1 C 0.11)
6AP_B_F (6d) 1.68 0.0865 HOMO = LUMO (0.69)

HOMO — LUMO+1 (0.13)

Table 3. Comparison of experimental data and the

results of DFT calculations

e =

6AP (3) -5.99 -349 -6.13 -291 250 633 196 322 231
6AP_OMe (5a) =5.77 -3.35 -5.58 -2.56 242 665 186  3.02 221
6AP_OH (5b) =5.71 -3.95 -5.57 -2.90 1.76 T4 1.74 267 199
6AP_BOEt (6a) =5.78 -4.08 -5.65 -3.42 1.69 797 1.56 223 166
6AP_BOH (6b)  -5.76 -4.10 -5.65 -3.43 167 795 156 222 166
6AP_BPh (6¢) -5.78 -4.12 -5.69 -3.50 1.66 809 153 219 1.63
6AP_BF (6d) -5.81 -4.17 -3.77 -3.54 1.64 797 156 123 1.68

a
E LUMO,DFT_E HOMO,DFT-

(a) (b)

-1.0 25
* Euomocv * Emoev —Egop  — Es_s,oer
Euomoorr  — Eiumo,ort 231
-2.0 221
>
L]
3.0 — 199
50 " 3 2.0+ —
g g ————{3 [
< & [ —
‘af 4.0 4 ¥ x x x x |8 1.86 168
3 I 774 166 166 165 T
0 -5.0
— — . 1.5 1.56 1.56 53 1.56
“6.04_x *
T T T T T T T T T T T T T
3 5a 5b 6a 6b 6c 6d 3 S5a 5b 6a 6b 6c 6d

Figure 5. a) Comparisons of energies levels of HOMOs
and LUMOs estimated from cyclic voltammetry
(Ewomocv and Eyymocv) and obtained by the DFT
caluculation (Eyomoprr and Ejymoprr). b) Comparison
of E, o (energy of the onset wavelengths in absorption
spectra) and Egys;prr (the vertical excitation energy
from the ground state (S,) to the excited state 1 (S;)
calculated by the TD-DFT method).
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Molecular Parameters for Brush-Like Polymers Consisting of Poly(sodium styrene sulfonate)

PR e KGR -SRI R
Yo NAKAMURA, Taishi MATSUI, Masataka SHIBAYAMA
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

By sulfonating polystyrene polymacromonomers, four samples of brush-like polymers (BLP) consisting of poly(styrene sulfonate)
with about 75 monomeric units in a side chain were prepared. Small-angle X-ray scattering and size-exclusion chromatography
equipped with multi-angle light scattering and viscosity detectors were performed on these polymers in NaCl aqueous solutions to
determine the particle scattering function, the radius of gyration, and the intrinsic viscosity as functions of the weight-average
molecular weight. By the analysis of the data, the cross-section diameter d and the stiffness parameter 2! of the BLP were
determined as functions of the salt concentration Cs. Both of the molecular parameters decreased with increasing Cs reflecting the
shielding of the repulsive interaction between the electric charges on the side chains. By a molecular model with straight side
chains having charges with equal separations, the electro-static contribution Ael™ to the stiffness parameter of polyelectrolyte BLP
was calculated considering the Manning polycondensation hypothesis and the Donnan equilibrium between the inside and the outside
of the brush. The calculated values were too small compared with the experimental values suggesting the necessity of the

improvement of the theory.
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Figure 1. Chemical structure of brush-like polymer
consisting of NaPSS.
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Table 1. Degree of Sulfonation of NaPSSPM Samples

Sample Degree of Sulfonation
SF7520
SF75-40 0.97
SF75-240 1.0y
SF75-450 1.07
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Figure 2. Guinier plots for SF75-40 in NaCl aq. at the
indicated salt concentrations.
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Figure 3. Kratky plots for SF75-40 in NaCl aq. at the
indicated salt concentrations.
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Figure 4. (5?) for SF75 NaPSSPM in 0.005M NaCl aq.
double-logarithmically plotted against My.
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Figure 5. [77] for SF75 NaPSSPM in 0.05M NaCl aq.
double-logarithmically plotted against M.
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Theoretical Study on Pressure-Induced Phase Transition of Baroplastics

HE B - HE RE
Tsuyoshi KOGA, Hiroki DEGAKI
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

Baroplasctics are known as multiphase polymer systems which show phase transition induced by applied pressure. Some baroplastic

block copolymers (BCPs) possess room temperature processability because the BCPs show the order-disorder transition (ODT) by

applying pressure and exhibit fluidity. Due to this property, the baroplastics are expected as materials which contribute to the realization

of a sustainable society. From a theoretical point of view, the theoretical study of baroplastics has been developed based on the theory

of polymer mixtures, not the theory of block copolymers. Therefore, in this study, we have developed the self-consistent field theory
(SCFT) for compressible BCPs by combining SCFT with the equation-of-state of the system. We also derived the pressure-dependence
of the effective interaction parameters. The theoretical results about the lamellar structures for polystyrene-block-poly(n-butyl

methacrylate) agree well with the experimental observations. We have also discussed the origin of the baroplastic behavior.
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the case of diblock copolymers.
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Table 1 Parameters used in SCFT calculation

Parameters PS PBMA
a [107'K=1] 513 6.05
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Nayv [em? /mol] 83.96 112.45
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Fig. 2 Pressure dependence of the effective interaction
parameter of PS/PBMA system at 443 K.
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function of pressure P.

4. %%
NaFT7AF v 7T LEFOHER TH HCRSETT
LRI S, A ORGSR IS S T O EMEE O R
(RFEHRR) ZEALT,. "0 75 2F v 7 DFEHFER

il

MR &2k 5 2 L BN TE D H 2B A (EfE
PEH IR E) AR LT, FEMEEIER ST A —
ZIZDOWTHFEMRBLEEITV, Na 7T AF v 7 DR
R ORFIZOWTOBLEETo7, ZhbE AV
JEIZ X DARMHT F1 AR TS AL D Al 8 b 2 3R L. B R
BT AR EGDL LB TEL,

Eree v e 2t 2 D EBUC T 72 B0 Ml Z BV T, R
THRIEM TN AR NR 7T AF v 71d, TRLF—EE
RCOBEH DR, VA 7 Atk L2 EBRTE 208
ELTHIRF SR TV, AIFRIR, 2O L) \n7F
I v 7 DEBN 0y TR EHES AR T DRI KA L e
DHGR AR OERAICR S LT,

HiEE

TAAT Yy ay THEERIBREWEEEE LG
PEWFZEBRZ A O H N S Se AR TUINRF O R OB RESEAIC
B EGH L BT ET,

S E Xk
1) M. W. Matsen and M. Schick, Phys. Rev. Lett., 72, 2660
(1994).

2) J. A. Gonzalez-Leon, M. H. Acar, S.-W. Ryu, A.-V. G.
Ruzette, and A. M. Mayes, Nature, 426, 424 (2003).

3) I Taniguchi and N. G. Lovell, Macromolecules, 45, 7420
(2012).

4)  A.-V.G. Ruzette, P. Banerjee, A. M. Mayes, and T. P.
Russell, J. Chem. Phys., 114, 8205 (2001).

5) J.-L. Barrat, G. H. Fredrickson, and S. W. Sides, J. Phys.
Chem. B, 109, 6694 (2005).

6) P. A.Rodgers, J. Appl. Polym. Sci., 48, 1061 (1993).

7) D. W. van Krevelen and P. J. Hoftyzer, Properties of
Polymers. Correlation with Chemical Structure, Elsevier:
New York, 1972.

8) M. Pollard, T. P. Russell, A.-V. G. Ruzette, A. M. Mayes,
and Y. Gallot, Macromolecules, 31, 6493 (1998).

9) 0. Olabisi and R. Simha, Macromolecules, 8,206 (1974).



=R FAREEMCE T LEELELEE

Voltage Loss Mechanism in Polymer Solar Cells
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Herein, we have studied photon energy loss (Eloss) in open-circuit voltage (Voc) of various polymer solar cells with different offset
energies at a donor/acceptor interface. The Eloss is defined as Eloss = Eg — gVoc where Ej is an optical energy gap of the photovoltaic
(PV) material and q is elementary charge. This energy loss is due to radiative and nonradiative recombination of charge carriers in
solar cells. In order to evaluate the radiative recombination loss, we analyzed external quantum efficiency (EQEpv) spectra of the PV
cells. Asaresult, we found that the radiative recombination loss is decreased with decreasing offset energy. This is because a small
EQEpv shoulder due to interfacial charge transfer (CT) state is more clearly observed in addition to EQEpv tail below the £ for polymer
solar cells with larger offset energies. Such additional EQEpv signals result in larger radiative recombination losses. We further
evaluated the nonradiative recombination loss by measuring EQEEL of electroluminescence (EL) of the polymer solar cells. As a
result, we found that the nonradiative recombination loss is decreased especially for the device with a negligibly small offset energy.
This is because radiative CT transition is strongly enhanced by hybridization of locally excited (LE) and CT states due to such a small
offset energy. We therefore conclude that both radiative and nonradiative recombination losses could be minimized by using
donor/acceptor materials with a small offset energy.
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Figure 1. Chemical structures of materials employed in this
study: a) PTB7-Th, b) PBDB-T (X = H), ¢c) PM6 (X =F), d)
PSBTBT, ¢) PC71BM, f) ICBA, g) bis-PCBM, h) IDFBR, i)
IDT-2BR, j) ITIC (X =Y =CHs), k) IT-M (X=H, Y = CHz),
1) IT-DM (X =Y = CHs), m) di-PDI, n) Y1, 0) Y5 (X = H),
and p) Y6 (X =F).
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Table 1. Photovoltaic parameters of PTB7-Th/Acceptor
and Donor/Yn solar cells.

Donor/ Jsc/mA  Voc/ FF PCE Eloss
Acceptor cm \Y% /% / eV
PIT]fl:;I;h/ 607 1129 0357 245 0515
I;?_Z;;/ 1154 1056 0511 619 0.592
Pig;;zh/ 1037 1017 0542 571 0631
;gg% 1020 0972 0504 500 0.673
PITTB.173_1\T/[h/ 1382 0892 0546 671 0755
P“g??;fh/ 1389 0846 0557 655 0.799
PTII?;I_CTh/ 1257 0812 0483 493 0830
P;C%E\;l/ 1445 0785 0610 691 0863
PZ?;;ﬂF/ 1007 0748 0389 294  0.898

PM6/Y1 1510 0940 0549 7.82 0518

PM6/Y5 1197 0964 0.574 6.65 0.498

PM6/Y6 2542  0.840 0.698 1490 0.580

PBDB-T/Y1 2259 0.868 0.638 12.51 0.589

PBDB-T/YS 20.69 0.870 0.587 10.59 0.592

PBDB-T/Y6 2478 0.707 0.596 10.43 0.713

PTB7-Th/Y6 19.82 0.666 0.540 7.08 0.756

PSBTBT/Y6 1046 0433 0.536 245 0.987
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Figure 2. External quantum efficiency (EQEpv) spectra of
a) PTB7-Th/ITIC and b) PTB7-Th/IDT-2BR solar cells.
The broken lines represent EQE spectra of PTB7-Th neat
devices.
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Table 2. Energetic and kinetic parameters of PTB7-
Th/ITIC and PTB7-Th/IDT-2BR solar cells.

PTB7-Th/ITIC PTB7-Th/IDT-2BR

Offset / eV 0.20 0.05

AqVnrad / €V 0.406 0.256
EQErL 9.7 x 10°% 8.9 x 10
Tcr/ ns 1.9 1.3
ke/s™! 5.1x10 6.8 x 10*
ke /871 5.3 x 108 7.7 x 108
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Figure 3.
(red)/acceptor (navy blue) blends with a) a large offset energy
and b) a small offset energy. The solid and wavy arrows

Energy diagram for two typical donor

represent weak radiative and nonradiative transitions in CT
states at a donor/acceptor interface. The thick solid arrow
represents strong radiative transition in local excitation (LE)
state of the donor.
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Precision Syntheses of Sequence-Controlled Polymers and
Sequence-Oriented Thermal Response Behaviors
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We have proposed some methodologies for syntheses of sequence-controlled oligomers/polymers made of commodity monomer units,
such as methacrylate, acrylate, acrylamide, styrene. The common key points in the methodologies are the utilization of bulky pendant
group and/or cyclization to control the order of reacted vinyl groups and design of the initiator and monomer for transformation into
commodity monomer units carrying various pendant groups. In addition, it is important to synthesize the corresponding sequence-
uncontrolled polymers or statistical copolymers for evaluation of the sequence-specific properties/functions. In this thesis, we focus
on the two methods to synthesize alternating copolymers by using non-homopolymerizable and pendant-transformable monomers or
divinyl monomers carrying transformable spacer. The resultant alternating copolymers exhibited sequence-specific properties, such
as thermal response/pH response in solutions and glass transition properties in bulk, which were different from the corresponding 1:1

statistical copolymers.
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Fig. 1 Difference between alternating copolymer and
statistical copolymer
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Fig. 2 Four methods for syntheses of sequence-controlled
polymers carrying various pendant groups



7:F%ﬁ@iEﬁEAwmﬂ%ﬁ&%@%ﬁnowf
FRCIRE RSB R 2 b cii < %,
2. A3 JJENIPIWNREXTEHR
Fxld=Frryzra—VEMEICETHAX 7 U L
— bk (EFMA) B3NS\ IO DIZHIMT P NVEAMEE R
é&w:&%ﬁmbt(lwg®bﬁ L, 2O _EREAD
FUOSHEIZAZ 7 ) L— b E[ERROMEEZ R L, BlZIEAZ
7 VNEEA TN EOIESITBW T, ALA—XITHE S
NnNbd, ZOXIRE/~—EME L, £/ v—RIGMELR
DhEnaE ) v—LHAGDY CHRESTHENSE
SOOI BRIl b DR AIEENETTDHEE
ZHib, EHIZENAORIBHIZ =M= AT L THY, BT
Lo THHE /) ~—ThHDAX 7 UNLVERIZERRTZ S, 2
E/)w—¢ LTUEHIE=AT v Nk Rafxvanyipgd
IR)EETLTZU L—1b (NSA) ZfAEDLETE /) <
RS EEHT 2 &, nBIEEE R, nid0.21&720
LIOHEARTEAOFEmWILEAERNMEOND Z Evb
Mo 7e, EFMA ENSADRAFTHE A DEIZ, 4 Y 7 ELT
NZEDT I VARG, MY T AVAaERRIZ L DTV
RV ARIEERET, NIPAM(N- Y 7 AT 7 Y LT 3
R) LMAA (A&7 UVER) OREIESKRESZ, 5o
7R Y = —{IpHALL N CIBEISE 2R L, 11O/
HEETIHZ O X S B RIREREISEME B S

o T,
Post-Polymerization

[EFMA],, [NSA]u Modification
L

NH,
RAFT alt 2
j\ Copolymn. /Q;H; %ﬁ}// )\ i x " Y
® + o .

07 "OH 07 "NH

N Paralell Quantitative
# o O Consumption O{fo ("H NMR) PSS
(13C NMR)

Alternating Rich
EFMA

in pH 4 buffer in pH 5 buffer

Xy 0°C 40°C 0°C 40°C
1
M i, by "H NMR .
9200 54,55 = - —
1.40
14400 .
hpch 1,13 — o —-
-
27300 191,193 — B
159 — 7
e |
o~

108 104 Statistical Copolymer:
MW(PMMA) Not turbid (precipitation) (No Thefmal Respanse)

Tid

Fig. 3 Synthesis of NIPAM-MAA alternating copolymer via
RAFT copolymerization of EFMA with NSA, aminolysis
transformation by i-PrNH, and acidolysis by TFA.

3. AR L—F-RAFLUKBEHRHEERK

R U7z kOIS HME A MEE R S0 S LA AV AT EE
72 )~ —FES o REE ) ~— L LCRIATE S
FREMER B D, £ 2T, BIMBESGEMINZ LI bh
TWH EHBAZ 7 VLTI RICERL, SHICEAR
WCEBLTAZ 7 Y b— MIEHT D2 E&FEALT,
JREEEOENY B ) CEMBHICE T2 A X 7 VLT R

R (SMAm) ZE&EFL7Z (M4) .

SMAmIZ % L, 7 ¥ A /VEEBRIAH T dH HAIBNZ H T
60OCTHIESHTHEAITEZ 57, BMESIEN O
LERMER L, L2 L, SMAmZE 2T L LA HLED &,
HELNZEEE CHE /) v — X ERE S, R ~—>01556
N, tHiAH L E L S LEBEOESIHOE ) ~—
HEENOE )~ E REL D &, n, neEbiZ
FIEEr Lo L ZOEATIEHRARY v —
BEOLND Z e bhoTc, ZOIESEEITI ELEA X
JUYNTIR (PTFATIZINATIER) EAFT LD
HEDETIIR NPT ENHSMAnORIEHDE
R TH D Z ENbhoTz,

[Monomer],/[AIBN], =
800/10 mM

in dioxane:CHyCN 1:1 (vAv)
at60 °C

Saccharin
Low pKa

Transformable
Side Chain SMAm

g
§ st
3
/fcry\ar;de
0

0 12 24
Time, h

0 12
Time, h

05
Monomer feed, M;
[SMAm],/[St]/TAIBN], = 800/800/10 mM in dioxane:CHCN 1:1 (v/v) at 60 “C

Fig. 4 Design of saccharin-methacrylamide (SMAm) as non-
homopolymerizable and transformable monomer. Specific
reactivity ratios in radical copolymerization of SMAm with
styrene allowing control of alternating sequence.

HBHROY Y Y T I RO KEEEZTR D720
12, R ~—Holy iR LEMOET /UbEWmE G L,
KETNa—MIT DN EEE ) v — L g Lz &
25, IR LB OTT /LEWORIHITE ) ~—Th
2 SMAMDRIEZ LT, BOGHED & THREWNZ L2307
oz, Tbh, SMANIZERH THLREICIY R HE
~—THDON, HEEGLIE, TOMETT V2 AKX
SRR RENZ Lo TEBEN, AF 7Y L— kR
527 U IVERIZEM S 5 FTRE DS R S v,

T, EAPIIAKDREND Z & T 5720
SMAmE AF LV OHEREELF 2T — /w7xLTﬁ
W, AT ARY v —F2 W0 N2 <, BEAEIRICH
FlOT NV —VEBESRNT D2 LT, AT ra—iu
koA Z 7 ) L—FEAFLUDORAILESE~DE
et Lz (K5) , PlZEAS ) — L EFMLTHED
N7zRY =—DH N\MRALY b, *E;LEEE525
TEBHMBNTWDIA ABEIFET DA X 7 VIVEEA T
U (MA) & RFLLDTOHNERERETELND IR =
—®'H NMRZA~LZ F LT TEHY, vy —7Th



olz, ZHUTMB AN e <, BRI ARRSEZ /LTS
hEEZLND, SHICE—2 OEBLELIFER LU TH
U WE/~v—0Oz2=y MNMI1:1THV, SMAMD == FJ3
BANMAMCE SN Z ENbh o Te, T, Bix 2T
wﬂ%”%ﬁ%bf%@bt&_%,7»%»%&7)v
— R EATFLUOLEEA TR LN FHANILES RIS
AT, SMARD S5 B A ILESIRII T 7 ZEBIRE (7)
PINSLK BB EeBbhroTe, ZHIFEAZ 27V L—1, &
BUVNIATF L Dy — 7 T AN A0, BN E
6#<&ohtbk%i%ﬂé
[§ %wﬁmgf?? ”“ Eﬁﬂ

B : % =0.045

1/ Copolymerization with Styrene

" it sta
m/in
- =
oo N
0

m:n~11 Statistical

[Model reaction with me1hanol] [Effecis of Ty ]

g g

DEFILATF -R

100

€ 50 —CHg 96.3°C < 102.9°C
3 —CH,CHg 75.3°C < 81.4°C
~CH(CHg)> 76.8°C < 83.4°C

% 1 2 3 4 —CHoCH,CH,CH; 44.5°C < 50.5°C

BEBRISIC & BECIIHIE - P CHEEED I E

Fig. 5 Alternating copolymerization of SMAm with styrene
under anhydrous condition, followed by alcoholysis reaction
for transformation into alkyl methacrylate unit. The lower 7,s
of resultant alternating copolymers than the corresponding
1:1 statistical copolymers.

4. FTOYILT I EXRERESNK

BExlX T E TICOWOL A FRER A X— Y — % f

THIHRRT =T ) ~— DR ES ZHI L,
BRI R UAEEEA LB LT, WHE, ~—0 5

kDR EAEAREOR LT &, WY R E LTS ORI

NN mmAmssaTosE
JEZ=, Ilc-'EIV—
AT TN EBEZLEADMI

£y N e
. " Fﬁ ﬁ AN—Y —HEE, BREHTHE
SUNLEEA -y ﬁ \ DD O
BS UAILMBAL = LEADH :
NN N £/ V—RISHTHE
WOEL
—_ .
YT Y
p—
RitRYv—

N AN AN N/
z#

— .
REKEFILERY?—

pe M RO RS w

HO' OHN 0

|OC\)O ‘<_O> HO' OOO ﬁ\
°

Y. Hibi, etal., M. Nakan Y. Kametani,
Polym.Chem., 2011,2, 341-347 Angew. Chem In( Ed., 2016, 55, 14584-14589  Angew. chem P l 'Ed., 2018, 57,10905-10909

No2

Fig. 6 Selective cyclopolymerization of asymmetric divinyl
monomer carrying transformable spacer for syntheses of
alternating copolymers made of commodity monomer units.

WZBWTIE, BICEGOFIEOAL 5T, BILZEOKEZ
CHNFENRIR B o VR E ST ARIRENEETH
0, ZOERMIISHGET 5 ET AT ) v —DF ) ~— i
M rizitnZ & CEMITE % (IX6) .

B, Bex 3B LRGMEETH = bukkE B U
WAETDHY Y FIEE A=Y —L LT, 77U L—h &
T UAT I RMSEA P E =T ) <w— (AAn-NO,) % 2%
HL7= (K7 ., ZOMBEICITZ 2 SO AT VENRRH S
TRV, WiHFEb= b ETER LS TEY, 7/
VARRC K ST, T VAT I RE2-E Ruxy 7Y
T X RICEREIND, 12, 77V b— FOETHEET
= he OB TR TLTEY, TOHIE /) ~—Kik
Pt b B e 0k @R RBRIEES B ATRETH 2 Z &2
bhotz, LML, = b ERl"H5Z L TTUHILVEAD
@ﬁ#@<,$ﬂ$)7*@%f%ﬁ%ﬁ&ié_iéé
FRBBHNEE Lo, 22 TH LWE /v — & LTC&%%
AT H5VE=/E/~— (MnCF;) ZRitL7zL 25,
R%%mgﬁﬁ@$i<ﬁﬁb,%%Eé%T%T%o
Too SHITT I U U ABERGER HIETE, £t
BOIH NMRANZ MRS T AT AF AT 7 VAT
KF&ov FaXxo=F 77 VLT I RO1:17 o7 a3k
EAKERLFUH NMRA~Y hLERLTZ, 29 LT,
a7 7 VLT I RZHEIELEAER, HEWIIRKALES
v AV N EELT Ry 7 IKESEROARITEE LTz,

NOzlz & D FUWES T8t
FYNNEEHEE
7y— 7/7J}L§A
N 3 p U IREICS  ¢ |t Y
NH a NH,
0% NH1 = O o mqﬁhzmbﬁ o#0 %o N1 HN"F0 HN 0
o J EARE A J 7= / J D23
o BEAE %, 0t Suge®
Yo, AAM-CF, bovirars)
AAM-| No2 :
+ Kametani. et a ; %Uf?yﬁ)b .0'.. %%,
NEWChmHEd 2020, {T,b = ‘&ﬁ' Iy(A-sta-B) .
59,5193-5201 ; block alt % poly(A-sta-
;S OEIR— S~ ’%ﬁ
'm n n oce,
[ e U Z Y Va0 HN"S0  HN"So .’....'On %oeet
S W = B L_oH polyC-block-poly(A-sta-B)
H : 2°%%, P
’ [ ? m ®o0c® o h “, o
polyC-block-poly(A-alt-B) poly(C-sta-A-sta-B)

Fig. 7 Selective cyclopolymerization of asymmetric divinyl
monomer carrying transformable spacer for syntheses of
alternating copolymers made of commodity monomer units.

TFLT I (CAT IV, _UFAT I (57 V)
TEHBLCERLETAFALTZ U7 I R2 K%
VIFNANT 7 VAT I RORALESERIT, X FLT
SUTEHBMLERY ~—%2 02T, KR TKIZET S
2, BEE B2 &5 2 IRE TR 2 RSB NEEE)
oLl (K8) . m Xy FATILVTERLERY v—
1*’7%?%@ IREAZE 2 THEMEIIEL Lo
Too IREISEVEICRB T 2EMITT AT NEORHEIZ L - T
ZWMC_thTEmLﬁmiky*ﬁ@Tw%WTiy
WZDWTIE, RIS 218ENT v & A ILEAR L Gk
L, FfRICIREISENZREBI 2T~ L 25, B 2ITH
EEFIIC 7 > TREINEMEZ R Lz, 2SR



W DT, BN BOKIEICIX O SE R H D20 LB
A6,

Alternating 100r

- " % fefe o ( \ sha,pe,
Cyclopolymn. R : cBu H
Aam-cEy 2P 2 A I H : - i3 Response
HNTS0 HNTS0 & : % % Tans
R < 5ol < mBul i Ll paent  Tumd
(im=1:1) oy E H . ! heating
. e = - Sooling
2°%%, ) £ % : Gooling
.~ e B Heating © p 1
. o g * . \
s I S VA V| VI
el 10 20 30 40 50

Temperature, ‘C

R Aoy OF O o

-pe  Insoluble
inw

n-Bu Bu cBu  cPe

Statisitcal (Random)

1 1 Stat/strca/

H

\, cBu

670 nm),

(n:im=1:1) [l)
“ . " e,
"" %%,
. ’o '.-o,
o . " . .
..""' 10 20 30 %0 50

oo Temperature, "C

¢
Transmittance (A

Heating \

Fig. 8 Turbidity measurement for the aqueous solutions of
C4/Cs-alkyl acryl amide/2-hydroxyethylacrylamide
alternating copolymers in comparison with the corresponding
1:1 statistical copolymers. Concentration: 10 mg/ml in
H>0, Heating Rate: 1.0°C/min

AMm—CFiZ7 7 VL —hrETZ VAT I RTHREIND
B, INETIZIVL—FEeAHX 7 U L— FOAEDLEIZ
ERIZVE=E ) ~—%FEHL, FERICEBR{GES & fil1H
LIctIiZT I 2 Y AEWEATHZ T, 77U LT7 IR
Lo-b RexvoF A&7 ) L—|h (HEMA) O HILHE
BrEAR L (K9) , oA Y e AL T I TrI /)l
SABHEATH = & T, NIPAMEHEMAD R H AL E AR % &
KL, T OREINEEERR L ZA, 5 F&EICE L T25-
RCIZhlE>»TERETRT I ENbroTz, 2, TOHE
JEISE PRI R EUR T > 7228, SIS 51 1R

Foup TIULTIE  AFTUN

~oEoun

1\ 1 1 1 Controlled W
Cyclopolymn. ait

00 O M = 7000 _ATR 90 o Nz w %’:

J [ (0 7=suvz 0TS0 HNTSO

i \.OH

CFy CF, CFs

B. FANEIN= Thermal Response in Water
FOUL EZNI-FIL I 1
o) [ n n
oo 9 ~ o r=141 oo S0 o o o
o N 2~0.30 on
CFy N0
cFs M Ve P
Sronten oo
oo o >
Controlled Cyclopolymerization P
—
M, 23100 10800 “© [1]o/linitiator], b A
A iniiator
M, 130 125 vagoem \ 38300 (154
3300 30} 42004 mM 25200 1507 23,100 (1.39)
A 200110 mM 2 75 200 (1.54)% 10,800 (1.26)
2 | *to0m0mm B My (MM 6,600 (1.24)
T2 3 3
1 L g 50
= ) 05w %
10 Lt = e | inwater
g 1 Gimin
ke —
r T T J o L i \
108 06 o 100 0 20 40 60 8 100 o e o s
MW (PMMA) Calculated DP,

Fig. 9 Precise syntheses of the alternating copolymers of
NIPAM-HEMA via selective radical cyclopolymerization
and aminolysis transformation with isopropyl amine.
Turbidity measurement for the aqueous solutions of in
comparison with the corresponding 1:1 statistical
copolymers. Concentration: 5.0 mg/ml in H,O, Heating Rate:
1.0°C/min

AL E AR VMR ORBEO - DIZHIE TH -

7

6. £&H

HMEASEN RO DL ATRER T /) ~—, HDOVITEHR
FREZRFER R E =V ) v —F WD Z & T, BRx Zefl
HEATDHLAX 7V L—FK, T7UL—h, AFL, T
JINT I RBREOPHE /) ~v—2=y NORXAIES
ROARRITERY Uz, F72, #6210 IO EA IR
BREL, ZTOREE T 2 Z & T, AN TR O
NS B BN R O K HRLEE ISR S L 7 BRI A B
LT LT,

SE Xk
1) J.F.Lutz, M. Ouchi, D. R. Liu and M. Sawamoto,
Science, 2013, 341, 628.

2) M. Ouchi and M. Sawamoto, Polym J, 2018, 50, 83-94.

3) C.J. Yang, K. B. Wu, Y. Deng, J. S. Yuan and J. Niu, 4cs
Macro Lett, 2021, 10, 243-257.

4) 1. F.Lutz, Macromol Rapid Comm, 2017, 38.

5) J. DeNeve, J. J. Haven, L. Maes and T. Junkers, Polym.
Chem., 2018, 9, 4692-4705.

6) M. Ouchi, Polym J, 2021, 53, 239-248.

7) K. Nishimori and M. Ouchi, Chem. Commun., 2020, 56,
3473-3483.

8) D.Oh, Y. Furuya and M. Ouchi, Macromolecules, 2019,
52, 8577-8586.

9) Y. Kametani and M. Ouchi, ACS Polymers Au, 2021, 1,
10-15.

10) A.M. Aerdts, J. W. de Haan and A. L. German,
Macromolecules, 1993, 26, 1965-1971.

11) Y. Hibi, S. Tokuoka, T. Terashima, M. Ouchi and M.
Sawamoto, Polym. Chem., 2011, 2, 341-347.

12) M. Ouchi, M. Nakano, T. Nakanishi and M. Sawamoto,
Angew. Chem. Int. Ed., 2016, 55, 14584-14589.

13) Y. Kametani, M. Nakano, T. Yamamoto, M. Ouchi and
M. Sawamoto, Acs Macro Lett, 2017, 6, 754-757.

14) Y. Kametani, M. Sawamoto and M. Ouchi, Angew. Chem.
Int. Ed., 2018, 57, 10905-10909.

15) Y. Kametani, F. Tournilhac, M. Sawamoto and M. Ouchi,
Angew. Chem. Int. Ed., 2020, 59, 5193-5201.



T3 VRBAFITKDBRRET VN ) v 7O H
Precision Control of Anchoring Properties of Liquid Crystals by Brush-like Polymers
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The direction of liquid crystals in bulk can be controlled by external field, such as electric and magnetic fields, while the change in

direction of liquid crystals at the interface is restricted because of an interaction between liquid-crystal molecules and interface, which

is known as the anchoring effect. A concentrated polymer brush and a cross-linked bottlebrush film composed of poly(hexyl

methacrylate) were reported to exhibit extremely weak anchoring in azimuthal direction (near-zero azimuthal anchoring) even at room

temperature. In this study, we more focused on the bottlebrush systems and revealed that the mobility of liquid crystal at the interface

is closely related to the relaxation of brush polymer in swollen state with liquid crystal to discuss the detail anchoring mechanism of

liquid crystals on polymer-brush surfaces
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Figure 1. Chemical structure of bottlebrushes with and
without cross-linking moiety.
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Figure 3. Temperature dependency of A2 for the cross-linked
BB films. The red line and green band represent the
characteristic temperatures of the side-chain relaxation for
the PHMA and PEMA with LC, respectively. Reprinted with
permission from ref. 9. Copyright 2021 American Chemical
Society.
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Figure 5. Master curves (a) and temperature dependency of
the shift factor ar (b) of mixtures of PHMA-BB (red dots)
and PEMA-BB (green dots) with LCs. Reprinted with
permission from ref. 9. Copyright 2021 American Chemical
Society.
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Figure 6. Van Gurp—Palmen plot for PHMA-BB (red dot)
and PEMA-BB (green dot) with LC. Reprinted with
permission from ref. 9. Copyright 2021 American Chemical
Society.
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The Effect of Viscosity on the Coupling and Hydrogen-Abstraction Reaction between Transient and
Persistent Radicals

(L %!+ Li Xiaopei! « HA] 2?2
Shigeru YAMAGO,' Xiaopei LI,' Yasuyuki NAKAMURA®
'Inatitute for Chemical Research, Kyoto University
’Research and Services Division of Materials Data and Integrated System,

National Institute for Materials Science

The effect of viscosity on the radical termination reaction between a transient radical and a persistent radical undergoing a coupling
reaction (Coup) or hydrogen abstraction (4bst) was examined. In a non-viscous solvent, all the transient radicals studied exclusively
coupled with 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) with >99% Coup/Abst selectivity, but Coup/Abst decreased as the
viscosity increased. Poly(methyl methacrylate) (PMMA)-end radicals had a more significant viscosity effect than polystyrene
(PSt)-end radicals, and the Coup/Abst ratio of the former dropped to 50/50 in highly viscous media (7puk = 3980 mPa s), while the
latter maintained high Coup/Abst selectivity (84/16). These results, together with the low thermal stability of dormant
PMMA-TEMPO species compared with that of PSt-TEMPO species, are attributed to the limitation of the nitroxide-mediated radical
polymerization of MMA. While both organotellurium and bromine compounds were used as precursors of radicals, the former was

superior to the latter for the clean generation of radical species.

1. ¥#8

T DA IATHECRUGHEDEVMEFEFETH D Z b,
TIOHNT TV T RIS, AEBLORY v —&kD
FFIZBWT, BRARKIETHD EFEHIZE X 5N D,
L2 LEBRIZIE, §M:T Y /v (transient radical) % /& i i
THERT D ENRHELNT LD, aANEHRP2E S o
=Ny T Y TIEOIENET UV RN AER T
ELRERVT, BRKRICAVWEND Z E1TTE A L
Motz LAL, ZOREPEEZEILL TETND,
HERTL—7 AV—F, = haXx v RER LTV
NVEA (NMP) OB THDH, NMPTIE, THERKRY ~
— K7 AN E 22,66-7T 8T AFNAERY DK
)V (TEMPO) ZED'ZE T ¥ F /V(persistent radical) & O F
v 7V 7 (Coup) W Z&D, B REFI LT I ARIEFEN
AT % (Fig. la) , &7 KIEREE T 20 L O RHEHY A&
(LR I, Y IVEGIZY B TR L, 1
B L BUE ORI Z FTREIC L7z, Lax L. NMP CEA HlfH
ARE/RE ) v —HEITAF LY (St) &7 27U L— MIRE
SIhd, A% UL —FDOEATIE. TEMPOIZLDHRY
~— KT AN EDOKFEF ERE G (4bst) DFEL
LY, XY ~—#HT+oclE L2y (Fig la) , 80

ELITHRE TR EET AR LDl v ) v TR
HIEHZHEDTOD, Bl R TBE T P LVEE, 1016
L NER T O NVER, T GET VY T NERT Y
ANVERIETHER LT, ~ 7 aBABIN S AR LR Y

a) R = Ph, Ph
R R / " b
|:R"\<\/)>\/) . :| + 'O—E} Coup

R "R’ Abst
R aewro) \ COMeCOMe  HO-N
" +
R =
R'=Me (TEMPO-H)
b
) Comb Fh
— )H/
Ph Ph
2 )\ — 2 ) — Ph
TeMe  hv
Disp Ph Ph
+
CeDs, 60 °C: Comb/Disp = 90/10 A H

PEGA400, 25 °C: Comb/Disp = 1/99
Fig. 1. a) Coupling (Coup)/hydrogen-abstraction (A4bst)
pathways in nitroxide-mediated radical polymerization (NMP)
and b) combination (Comb)/disproportionation (Disp) pathways
in the self-termination reaction of a polystyrene (PSt) mimetic
radical, 1-phenylethyl. Copyright (2021) The Chemical Society
of Japan [47]

=K T ANDH TV TGN, R Y = —D
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Ui 7 YAV ETEMPORBEMR E D~Tal v 7 v J K
DR~ —RKIF~OEREOEANFHINL TS, 23
INHOEITIE, By VIR RREL FEENT



WD, R ESIET 5 R FIX s ST,

WY = —8RE T A NRELDOKRIE, TP AEST
WWHEIERIS & LTRAEL, f5E (Comb) F-IxAHML

(Disp) 12X VT v RRY~—0RNEL D, 5 (ZIEKIGIT
TR & ORI I EBE AR B 2 & DI
MR E DI FE S ERMEBHHEICBRT 52 L2 b | 5 IE
FOSHERE, 9725 Comb & DispD3ERMED el & il
EEFARY =M B ORI RREHIRAIR TH D, 230 L
ML, RIZICHHTEARW,

Bt gk 2 1, 12 -0 & B BRICHENT 3 28T LW IJFIED
REZTolz, T2 Thbb, #HEOREINERY ~—
RIGT DN EIAESE, FORIGIT L D AR & i+
LHETHD, EOME. Comb/DispiFiRit o E Bk & 4
W2, THUBHEIC LD RESEBIND Z LD, BIE
FHECE D Z L 2D THLT L (Fig. 2b) . 4
ZAE PSRN T P H N THDH1-T == V=TIV TTH
IV 0D Comb/DispBHIEIT | ARREEE ST (CeDs, 60 °C, 7317
HEEE mouk = 0.4 mPa s) 2> B Bk EE S (PEG400, 25 °C, moulk
=84 mPas) 12725 £90/100>51/991Z5x L7 (Fig. 1b) .
B, INETIZHL/ISTZHRMT I HNVTH Dtert-7 F )L
BLO2E X 270 AT VHLOEIERIGICE
WT, BEORENRESNTND, ¥4 LovL, ok
ESFRO—E, Bz X, REZ VANV BEET 56T
LIRS HON, EOSEFARHTH- 7=,

T TR T EET IV ERET VN E DK
JRIZHT B | CouplAbsiEARVEIT %4 25 R E DY RIZ DN T
WEt AT S T O THET 5. BIRIIZIL, NMPOBEENE%
e, RETVHNE L TTEMPOZ R, A% 7 U VEE
AF N (MMA) . 727 UAEEAT L (MA) | StOEAIT
BUIIEAERT VAINEZD/NSTET LT THINL 6
EDIRICO W TR L7z (Fig. 2) . 2B, &7V
NTohDH2BELV6IE, T 2 REBEEH L OAET LV
LA FE I ITHEBREF(LAEW1H 5\ ES (X =TePh or Br)
Mo, FNENIEHH F 7 HRE TGS L 2 —E 7ET
B L » TEM LTz, & 512, PMMAERSGE L UPStR
Uit T ¥ M VD Coupl Abst IR VEIZ 63~ D REE DFBE L | Sk
FTBHTEMPOY v 7V > 7R3, TOBLZENEZHRD 2 &
T, g A% 7 U L— b OEABNMPTHITEHTE 200
L ORICET D RMOMREIT 5T,

2. EEE

—fRRIEIE, SOMFIERFIAK T CHEM L, ROGEIK
DREEE o (mPas) 13, ERFAK T THRE LY T
% BRI EE F A F O CHIE Ui, IEB0ESL (D) 13, 1
BLUSOERMAFER X=H) #2BLV6DET MLEY

& L THW, Brukerf:ONMRZ:{E 12350 Tledbpgppr2s/ S/L
A=l v A& L 72DOSY NMRERIC L v Kb 7=, /)
T TVINMICBOTIE, RREEERE LT
Stokes-EinsteinzUlZ &V 2 7 m¥EEE &R 7,

A EEBRFIE, ERKE T NMRT =2 — 7 HIZ 1aA

(R!=H, X = TePh, 4.6 pL. 0.030 mmol) & TEMPO (5.2 mg.
0.033 mmol) ®DCeDs (0.60 mL) #&iZ% . 470 nmA v A~
7 4 VB —%4 L T500 WiEEHg 7 > 7 %60 °C T 1IRFfH] R
§H L7z, 1aARERICHEE SN Z LR L%, 3ak
L WMaDIE (ZNZE99%F L1V0.6%) %'HNMRIZ X
DIRELTZ, &5I12, Coupl AbstDiERM: % 3a &L daDERK
R 72 (CouplAbst = 99.4/0.6, Table 1, run 1),

a)

CO,Me
Coup R1\/)\
—
TEMPO O-N
, foMe COMe| (1.1 equiv.)
R\/)\ > RL/)- 3
1

X hv
\ ) Abst CH,O,Me
— R
+ TEMPO-H
a:R"=H, b: R' = PMMA, A: X = TePh, B: X = Br 4
2
b) R
Coup R1\)\ _
TEMPO [ O
7

R2 2 ;
R (1.1 equiv.)
1 N
R\)\x hv [Ru' ]
5 6

RZ
L Abst_ Rl + TEMPO-H
8

c: R'=H,R?=Ph, d: R"=H, R2= CO,Me,
e: R"=PSt, R? = Ph, A: X = TePh, B: X = Br

Fig. 2. TEMPO trapping experiments for the radicals generated
from organotellurium and organobromine precursors. Copyright
(2021) The Chemical Society of Japan [47]
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3-1. TEMPOIZ & 3R I—KRHETILS CHILIZHT
LHEDEE,

1AL AR T H2PMMA KM ET VT Y V2al
TEMPO & DCeDeH 2 81T 560 °CTOKGTIE, B v 7V
VI ER3al KFED R E AR TH HIMMA (4a) 23
FIEN9% L 0.6% THOALZ (Table 1, run 1) , 7235,
ZOIETIE 3aL A UEDTEMPO-HN AT 5133 T
HDHA, FEEIRTH NMRY 7 U8BV &P Eh
DNENMEND, RIETDHZ LT TERdotc, 2OZ
LMD, Coup & Abst DRI, 3aldaD AL 6K D
2o T ZTIE BN E WV CouplAbstEIRPEIT . NMP THAA
INTVWDAREEHREEG (Fig. la) EFBETDHRRED
BBICBZ 50, Z0RIZHONTE, ROEBY 5 0 Tl
T %,

Wi, 7V HVEIBME % RLH) 1aB (R'=H, X =Br) %
AW, NNNN'N*-_XHAFLP2F L b7

((PMDETA) BN +1F1E T Cia B O EF s (Cu(0),
1.5 equiv., Cu(D)Br, 4.0 equiv.) Z{EM S 5 Ffh TR &1T



Table 1. Effect of bulk and microviscosity in the reaction between transient and persistent radicals?

Run Precursor Solvent Temp Tbulk’ D¢ Yield? (%) Coup/Abst*
(°C) (mPas)  (x10°m?s™h) Jor7 4or8
1 1aA CeDe 60 0.41 3.27 99 0.6 99.4/0.6
2 1aB CsDs 60 0.41 3.27 96 0.7 -
3 1aA CsDs 40 0.61 2.38 99 0.5 99.5/0.5
4 1aB CsDs 40 0.61 2.38 97 0.4 -
5 laA CsDs 25 1.1 2.01 99 0.6 99.4/0.6
6 1aB CeDe 25 1.1 2.01 96 0.4 -
7 1aA DMSO-ds 60 1.2 1.45 97 2.1 97.9/2.1
8 1aB DMSO-ds 60 1.2 1.45 95 2.3 -
9 1aA DMSO-de 40 1.7 1.09 96 2.5 97.5/2.5
10 1aB DMSO-de 40 1.7 1.09 94 2.1 -
11 1aA DMSO-de 25 2.3 0.88 95 3.8 96/4
12 1aB DMSO-ds 25 2.3 0.88 93 2.6 -
13 1aA PEG400 60 21 0.56 90 8.9 91/9
14 1aB PEG400 60 21 0.56 88 1.9 -
15 1aA PEG400 40 44 0.47 84 9.4 88/12
16 1aB PEG400 40 44 0.47 83 3.1 -
17 laA PEG400 25 84 0.41 79 13.4 85/15
18 1aB PEG400 25 84 0.41 79 53 -
19 S5cA CeDs 60 0.41 2.01 99 0.2 99.8/0.2
20 5cA CsDs 40 0.61 1.45 99 0.3 99.7/0.3
21 5cA CsDs 25 1.1 1.09 99 0.5 99.5/0.5
22/ 5cA CsDs 25 1.1 1.09 99 0.6 99.4/0.6
23 5¢B CsDs 25 1.1 0.88 97 0.8 -
24 S5cA DMSO-ds 60 1.2 0.88 98 1.3 98.7/1.3
25 S5cA DMSO-ds 40 1.7 0.56 98 1.7 98.2/1.8
26 5cA DMSO-ds 25 2.3 3.27 97 2.3 97.7/12.3
27 5¢B DMSO-de 25 2.3 2.38 96 2.0 -
28 5cA PEG400 60 21 2.01 91 4.1 96/4
29 5cA PEG400 40 44 2.01 89 7.3 93/7
30 S5cA PEG400 25 84 1.45 84 9 89/11
31 S5cA PEG400 25 84 1.45 83 8 89/11
32 5¢B PEG400 25 84 1.09 83 1 -
33 5dA CsDs 60 0.41 3.27 99 0.4 99.6/0.4
34 5dA CsDs 40 0.61 2.38 99 0.6 99.4/0.6
35 5dA CsDs 25 1.1 2.01 99 0.6 99.4/0.6
36 5dB CeDe 25 1.1 2.01 96 1.0 -
37 S5dA DMSO-ds 60 1.2 1.45 98 0.8 99.2/0.8
38 5dA DMSO-ds 40 1.7 1.09 98 1.2 98.8/1.2
39 5dA DMSO-de 25 2.3 0.88 96 2.3 97.7/12.3
40 5dB DMSO-de 25 2.3 0.88 96 0.9 -
41 5dA PEG400 60 21 0.56 90 4.5 95/5
42 5dA PEG400 40 44 3.27 85 6.0 92/8
43 5dA PEG400 25 84 2.38 82 10 89/11
44 5dB PEG400 25 84 2.01 79 0 -
45 1bA CsDs 25 1.38 n.d.g 99" 0.4 99/1
46 1bA CsDe/PSt (8/2) 25 808 n.d.g 66" 34 66/34
47 1bA CeDe/PSt (1/1) 25 3980 n.ds 50" 50 50/50
48 SeA CeDe 25 1.53 n.d.# 99 0.2 99/1
49 SeA CsDe/PSt (8/2) 25 780 n.d.s# 82 9.0 90/10
50 S5eA CsDe/PSt (1/1) 25 3580 n.d.g 78 15 84/16

2A solution of the precursor (0.030 mmol) and TEMPO (1.1 equiv.) in a solvent (0.60 mL) was irradiated by a 500 W mercury lamp
through a <470 nm cut-off filter. *Bulk viscosity determined by a viscometer. ‘Diffusion constant of methyl isobutyrate, which is a
model compound of radical 2a, determined by the DOSY NMR experiments. The same diffusion constants were used for radicals 6¢ and
6d due to the low concentration of the reaction. ‘Determined by the 'H NMR. ¢Only the ratio obtained using 1A and 5A was calculated
because of the presence of side reaction when 1B and 5B were used. /TIPNO was used instead of TEMPO. ¢Not determined. "Yield was
estimated by subtracting the yield of 4b after confirming the quantitative conversion of 1bA to PMMA having same M, by size
exclusion chromatography.
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ENHZ ELbhot,

WIZ, IR LRI A28 2 TR USEBR & 1T o 72, CeDelAlE
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THEOLNTZ, LaL, BENME s, T7hbb, fhEN
K< 72D L, DTN TIEH DD Coup/AbsiEPIENET L
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WZHEIN L7, S BIZ, Coup/AbstEIRMELIRE DK TIZL Y
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i+ B Comb/DispiRIME & Ak 72l A CTH B, 40

I BT, ERSEOPEGA00% ] L7 4. 3adAERT
1%79~90% & KIEIZHD T2 —J7, daD B3 L 7=
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Coup/ AbstiFEIRNE % $ERTERIE Dk, & 5\ MT L 2 $hE
Wxt LTl m vy h&{To7m 8 2 A, FREICE N T
ENETRREWHBEZ R LN (Fig.3aand 3b, m, m,m) ,
51T, Coup/AbstBPNE L YEBUEBOW L, T bbb/ m
HEEE & O E Rz & 2 A, WIEOEIC» b LT, X
D WAL FN A DA (Fig. 3¢). 2D ORI, &
M7 NI D Comb/DispIR M D IR B X OSKEEE (K
FHEOFRERE—FH LTS,

WIZ, PStRIRET LT P H6e (R = H, R2 = Ph) &
TEMPO & D3 DR D% % | 5¢eA (R'=H,R?=
Ph, X = TePh) ZHWTHFFL72 (runs 19-21, 24-26, and
28-30) , T DFER, DeDoF L U'DMSO-de DV T 1L DRI
T, Coup LRk T 5 Teh3>97%Lh L DULEE T il
BN O NTZ, F72. Coup/dbstBIRIMEIL, CeD6/60 °CHN 5
DMSO-ds/25 °C~ & KiE D & < 72 5122, 99.8/0.220° 5
97.723~L, BTN THINEM LTz, & 5IZPEG400H
TIECoup/AbsbERMEIT & HITIE T L, 25 °CTIE89/11 TH

a) b)
64, 6
5 iy,
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Fig. 3. Correlation of Coup/Abst selectivity and a) inverse of
temperature, b) bulk viscosity, and c) inverse of diffusion
constant for radical-radical reaction. Copyright (2021) The
Chemical Society of Japan [47]

ST, B ORERIITEMPOE AV ANMPIZW T, St
HIEEAPTAD2FREBRLS —KT 25, IHIT, LRtk
12, Coup/Absti&I M Z TR DL, & 5V L7 fh
I LTl ey b &R T 2 A, BEEIZB D
TENENEWHEBEN R 57 (Fig. 3aand 3b, A, A, A) ,
I HIT, 6eDGE BITHUERMO WS D7), W OFEREIC
1 & T Coup/AbstiBIRME & RWHBAZ > Z L 3o
7= (Fig. 3¢) .

Coup/AbstiEARVEIZ I 1T DAL RN R O —MEZ B & 022
TEED, BETIHNELT225- M) AF/L-4-T ==
JV3-T AR 3. = b ¥ R (TIPNO, Fig. 4) 4 % H\»
Tmarybe—LVEREIT-oTZ, TOEE, CDsB LV
PEG400HZ 81} D 6¢ & DT, TEMPO% W74
& B U Coupl/AbsEIRMEZ 7R LTz Z & 03D KEFEERh R O —fi%
ME2VRE I 72 (runs 22 and 31) o

o
)v

Fig. 4. Structure of TIPNO.

wiZ, 5dA (R'=H, R?=CO:Me, X = TePh) 753543
HPMARIRE T VT 7 )16d & TEMPO & O HIZ- DO\ T
st L7 (runs 33-35, 37-39, and 41-43) ., ZDiE5E:. 2a, 6¢
OO & FEARENZF CEA 2R L, Wb AbstAE R
7A78 ERIRAGICEIN D & AT, Comb/AbstFEARPEITRE B D



BINMZ X VIET L, T7b5H, CDs, 60 °CTI399.6/0.4
Toh-o72m3, PEG400, 25 °CTIE8INTI~EIKTF LIz, &5
(2. CouplAbstiEIRME LR, V7 FEEE | 36 K OMEBEREK
O L1, L FRICEWHEBEN R 57 (Fig. 3a, 3b,
and3b, @ @ @) |

LA EDOFERIL, Comb/AbstiTBIRIMEIC BT D EEER R D —
WHEEHBEIZRLTEY, EHET UL oE R
(Comb/DispIIR 1) 12T DHER T TIERBINT
W5, 2T T L THTE 5, 494 2aL TEMPO & O i
Bl %Fig. SITR LTz, 7 VAT BEIGT HI2iE, A
ARRED éﬁlﬁﬂx%#ilﬁm LR ETOILERS Y |
FOEDIITZo>DT UH iEb\@SOMOELLﬁ\Lx
Lf:@a%%:ﬂié%%ﬁ%é FIDR OGS L Z 9IREIC

7/ﬁW“%#E%LT SOMO A ﬁﬁktém%k
RDHVENRDHY | Sy FOEERITE © OEEEOBE) &

BB 2 2 K i@” AbstZ e Z FEUHEIZKR L, CoupZ it
TRUE DRI D RN LD BE O L0 R I
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Fig. 5. The collision model for explaining the viscosity effect.
Copyright (2021) The Chemical Society of Japan [47]

Bi#5cB (R'=H,R>=Ph, X =Br) 3L 0%dB (R'=H
R?=CO0:Me, X =Br) % 7 ¥ I /LHIBEAK & Lfﬁﬁb\tzﬂm .
CeéDsF5 L O'DMSO-ds &I TIlE T VL& & V1245

I EIER CTdH - 7278 (runs 23, 27, 36, and 40) . PEG400
ZRER L7236 Abst/ER) T &b 58D & AR DYEIL
FMREALT L (runs32and 44) , AU, MRV
FC2EFEITNIE L2 EEZ NS, PO
Wb b EMRE T O NERIZE T A EET LS
WOF|ENE HIZHIEIZ 2T b D EE X TS,

32, TEMPOIZ& BRI —KIFESTCHILADIED
EE,

PMMA 5 L O'PStR MG 7 ¥ 41 /12b3% L N6e & TEMPO &
D% . 1bA (R!=PMMA, X = TePh, My = 3,400, = 1.14,
End group fidelity (EDF) =97%) & 5eA (R!'=PSt, X = TePh,
Mn=2,900, D= 1.16, EDF =96%) Z Rk & L CHWTHR
P L7=, CeéDs. 25°CTiE, 2bB LT 6elTV N B> 99/1

D Coup/AbstiEH % 7R L, AbstlIBIH S 72 03> 7= (runs
45and 48) . IRIZHEDZNRE R 572, CeDs & PSt (Ma=
96,000, B=1.46) DIRAWHH TRIURISEITo72 & 25,
WP DA b AbstDEIG N EEIN L7228, & OFEEEIXPSt
FH6ed W EPMMA T ¥ H A 2bD T NEEE TH - 1~
(runs 46, 47,49, and 50) , T 72> 5. CeDe/PStD /1R GV
B (Mourc ~ 4000 mPas) “Cl. 2bD Coup/AbstiPEIL50/50
ThHhoN, 6eTIE8YI6TH-71=, £72. WTFh b
Coupl AbstiEIRVEIT, /3L 7 REEE & BT 72 FHBIBIER 3 8 5 Z
Elbinols (Fig 6) , EAEMS TR, EAOHET L
WCRUGRDREN END Z &b, PStT V1L & PMMA
T TR N D AbstEISNI KT D REERAEPEDE D, NMPIZ
B DHStEMMADOEASDEWIZ—ETHD I L NRES
iz, LML, NMPTHE STV AEVIZEEAR, Z0%h
BRI D T/hENEEZ 2 HND,

o
L

N
L

In[Comb/Disp]

o
1

T
0 2 4 6 8
I3, (MPa s)

Fig. 6. Correlation of Coup/Abst selectivity and bulk viscosity.
Copyright (2021) The Chemical Society of Japan [47]

Z DR E AT D720, NMPIZEB T AR IERE D%

PRI DWW TR L 72, ?“i.czofo R~ —{RIERED /NS F
ETN3aB LN eDREMEZBREIEON B F4— 1
(50 equiv.) TFTE N, CeDeRHEHT100 °)CTMEL, £ D
IR TR~ (Fig. 7) o TO/REE. 3al3f9105 BIN
ICFEBITHB S, 2-2AF A7 a B4 A FLNE R
WA LTz, —J7, TeDHRITEL | BRIHET 512X
K2R 3o Tz, T ORERIT, RIREOBZEMOFE
X WHITIL TS, 2B, 3akTcOTEMPOSL & X
S LR BT A —E, ENENTEMPO-HE U7 =
=NV ANT 4 RELTEIRE T,

co2 e PhSH
(50 equiv
O N _ (80 equiv) _
CgDg, 100 °C

COzMe

+ + TEMPO-H + (PhS),
H )\H

Fig. 7. Thermal decomposition of TEMPO adducts 3a and 7¢ in
the presence of benzenethiol. Copyright (2021) The Chemical
Society of Japan [47]
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3a BIW 7¢ OHBITNTNHIEEICH L T—KTH

52 Enn (Fig. 8) . HIREEORB-BE/EEOREY
VAL DT OHNAAT OERPERERETH D Z LM
R ENT, BT, AT O R IESEE E kapp T
NEN27s1£003s'CThHdZ &5, PMMA-TEMPO/K IE
FEIZPSt-TEMPOIR IEFE L 0 & 134990 TG ML S o9
ZEBRbnol, b, BEWEEEICHKT DL,
AR LV AER LT P NAST OFRA KGO %5
EEBTAHLENRDH D, L, ZHURTERICTHD &
E200%, —F. MMADKREESIZBIT 5 EERKH
FEIISUTHARTIETH D, LIz > T, PMMAERIT ¥
HNVIERI CHE DR Y ~— & BT D 7212, PStRE: 7
AV LD HRIBOHERIORIEEA & TEME & 2 RBRT D
Z LT D, ZOEN L AbstORERAFIEDE DS, NMP
BT DStEMMAOEADENTH D Z LN RIE S
ni-,

$ T
=4
g 7
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Figure 4. The decomposition kinetics of 3a and 7c. (The inset
shows the decomposition of 3a). Copyright (2021) The
Chemical Society of Japan [xx]
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TEMWET N ERET P HNVBORISIE. TEET P h L
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FoZ L EHIOMNIT Lz, T70b b, JEREIERELT CIxm
BRI Coup DHEITT B — 7, RN R S 72D & AbstH
MU=, ZOMERENX, &7 A NI T 5 Comb/Dispis
FHEOREH T LR CHATH D, S5, ABEOIGIC
BOTH, 2L ZRE LY I 7 wkhE O G %2
THRWRTIA—=HTHDHZ EbRENTEZ, &5, NMP
BT DSt MMAE & OEWVOFEBIC b kSh LTz, AHF
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Mikihito TAKENAKA, Yuki WATANABE
Institute for Chemical Research, Kyoto University

The hierarchical structures of carbon black (CB) in Poly(styrene-ran-butadiene) (SBR) rubber/CB systems vulcanized with sulfur and
ZnO were clarified by using anomalous small-angle X-ray scattering (ASAXS) near the Zn absorption edge. The SBR/CB systems
vulcanized with sulfur and ZnO are commonly used and quantitative analyses of the hierarchical structures in the SBR/CB systems are
needed. However, the hierarchical structures in the SBR/CB systems have not been well investigated since the strong scattering contrast
of Zn hinders the quantitative analyses of the hierarchical structures of CB by using X-ray scattering. In this study, we eliminated the
effects of Zn on the scattering intensity and obtained the structure factors of CB in SBR/CB systems by using the ASAXS method.

1. ¥%E8

YARH =R T T w7 (CB) 7 ED7 4 7 —Thfk
ENFzT AL, BEEROFTELFHENTWET, I
LT R D T FREL, FREM DB DEIRTET 5
T, FORERRITT 5 = L1, St 5 L
THROLEBERFEDOISOTH D, TNETELL OMFEEN
BEEEZHWTIEA-7 0 T —ROMEZHA L, Figlic
AT EICT 4 T =BT LPICERBI G E L T
WHZEERELTHDH0 5%, SBRICBRIZEW
T, CBO—HRIT-7310nmA— & — D Aggregate” % JEJ% L .
Aggregate N E &7 T 7 Z /LIRIE THEfE L T Agglomerate”
BT HZ LR LTINS,

L2rL, TA-T 4 7 —ROHELFERIL, v & b
WL BN EMAE SN TOBITH 20D 53, Wik
TR LBk < v b T& iz, Zhud, ZnOnsX
PREGELIZRT LTV > R T A R ERFO L TH D, ZnO
132 A FHEAR TILIEE Svol% LA T CTH D3, I L FHEHA
FRTO ZnO OHELIREIZHER D X MHELICHEL 5 %
DIE L8R, FHEAOMEBHEE O & BM 72 BT A R EET

ST, I AFOZnODRLFEIFEF 100-1000nmTH v, 7
4 T7—0 THEEK] OF A TN, LiER-T, =
LT 4 T —ROPEREEE T EENITHITT 5 72D,
BELTREE D B ZnO DB A PEbR T 2 LD B 5,

T, In0ODHEERET H7-0IC, B/ XHREGEL
1% (ASAXS) #F-H L7, ASAXSIZ =2 b T A MEEHEEL
BETHY | RS RITBIT DEM OWMER T2 HET S
T EMTED, ASAXSERTIE, XROWIUHHITE T Ok
FLIREE DO AR XFR = RV X —KIFEMAZPE L, Bk T5X
BT —Z L DAL E OB LRI 5 2 & T, %
DOEEERFEELLNTED, IOk EeT LT 4T
—RDOEE . ASAXSIZIZZnOKWEI % AV 5, Morfin 5
1XZn0 & 7 o T — %4y BfE U 7= W35 IR T~ % Zn O KWL %
WTHEET 72 DICASAXSZH L7212, LavL, 51
7 4 T — OREEREERLZnO D FEM AR IZ O W TIEEE L
IR LTV, & ZTAMSETIE, ZnOTMEL L7
SBR/CBRIZHB W TCBEAKEHIEIZ ED L 51T ET
I EASAXSIEIZ L W FT LT, £7-. SBR/ICBRIZKIT
D ZnDZEM AT b IAT,

“Aggregate”

“Agglomerate”

Primary particle of Primary particle

Fig.1 Schematic picture of Hierarchical structures of CB formed in rubber/CB systems



2. EER
2—1. &H#
= . & L TIL, Poly(styrene-ran-butadiene) (SBR; Nipol
1502) %M L7-. SBROFFEAFIIZTT, CB (HAFZ 7
A7 V= R) 1L, BAROHEMES —R LS5 AT L
bOTHD., 2RI L DIZ, SBR(100phr), CB(20
phr), A7 7 Y Wk (StAc) (2.0 phr), Fii#(2.0 phr), {2iE
#1(2.5 phr). ZnO(3.0 phr)Z /323 Y — X FH— % V7280
(sec) TSBRIZELA L. A—F o —L I afANWTES
SBRIZHii#535 K OMRER 2Bl & L=, £ D%, 160°C, 30min
DEMETHRIZ L., AT 57,
Table 1. Characterization of SBR

Polymer Mw M./My wps(%)  Vinyl (%)

SBR 5.0x10° 3.4 235 15
2 — 2. ASAXSEER
SPring-8 G, BLO3XU% F\ 7= ASAXSIHIE 1T - 72, AHX
O T RV X — 1L Zn O KWK U 5% 3T 55 0 9.6361, 9.6511,
9.6541,9.6571,9.6611 keVIZFRE L 7=, Fig 2l I IEELR B
DT FNVF—IRKFEMEZ T, ZnliZB W TR R 550
WD, ZRITHHEZIZPILATUS-2M A2 L7, &
B bigeE TOHEHII78MTH Y . Bl SN ToqDf
FAIX0.01lnm' 7> 502nm ' ThH o7z, T 2 TeIRAN TER
SNDEELANZ MLORE X TH D,

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

T T T
250 ’\\\\/ |
. R

20 & Zn —
] ——— SBR

sr = CB
1.0 -
05- -
0.0 1 1 1
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Energy (KeV)

Fig.2 Energy dependence of scattering length density of Zn,
SBR, and CB
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DAV ZIRGCHGEL T — & & 28 R HEGELICHIIE L7,

3. HBREER

3—1. HELTO 727/ LD I RIILF—IkEFN

Fig 3l AN X = RV X — I X 2HEL T 0 7 7 A Vi(q) D
ZAb%E"T, CB/SBRADHE v 7 7 A WIILL T D 32
DOFEFIZ 3T HALDY: (1) gD R Z WiER (0..08<¢<0.2 nmr
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Fig.3 X-ray energy dependencies of scattered intensity



YA XS D a VA= SN D, (i) gD/ &
WEIR (¢ < 0.04 nm!) Tik, XEREHOFEHPBIZE SN
Do ZHUT BERO R vy N U — 7 HEEICHKT D L DT,
AT T I BNDGHETRT, (gniZB T b RO ZEE)
BDRLNTWD, L), ¢ <0.03 nm! TXHZ F/ILF—(Z
EBHELTEET DI EnbMd, Zhux, 73702
=D ZnO DHEEE - ITEE N EELRE I E L b5
251 EEZLND,

a NTANEENEERWT, ZORELT e 7 v AV E
fEHT L7z, SRIESBR, CB, ZnD3fk4y & LTHbh b LE
T 5 &, FEMEDORME T THEL Y 7 7 7 A WTLL T D &
I NZFEIR S D,

I(q,E) = [(Po,z +pz(E) — Po,SBR)2 + P"Z(E)Z] Szz(q) +

2(Po,z +pz(E) — Po,SBR)(Po,C - pO,SBR)SZC(q) + (Po,c -

pO,SBR)ZSCC (@) (2
ZZ ‘/C\‘\ Sij (q) LQUKKVCE% é h ) %Bﬁﬁ&%’.‘gﬁﬁf&) 50

Sii(@) = 2 [T (66:(P)8¢;(7)) expli(F — 7)]d7d7" (3)

ZZC, VIZBEGEUATE, 6¢;(P) IXLEFICRIT Difksy Dk
PO ROYEEN O DRS & py; (X5 OHELREE T
bV, KOLIIZERSIND,

poi="2p @
T, fol3R TSR, AIXEVEE, pIETH B,
Zn D WKW S 155 C OWELE B p7 (T AR XD =
NF =B LT L, RATERIND,

/ i _ fotf'(E) if"(E
pr=py+py =10y TE, )

T, fIE)EFENFENENRFE DBOEE &R T
b5, BELRED~X7 L

I'=[1(q,E),1(q,E,),1(q, E5), 1(q, E), 1(q, Es)] ~ (6)
FRATRTZLENTED,

I=M-§ (7

22T MIEEELE B DD 2 IS, SIZEh sy il
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3—2. EHEELBE%
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NI BELBE S 2 7R T, Sz (ITAIZ72>TE Y, CBE
ZnMERENZAFE L TV D D000 5, Fig5138,,(q) D
Ty N THD, 100nmbl EOKE X DOZnODKLF D
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Polymer Nanohybrids Based on Biomembranes and Their Potential Bioapplications
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In this research, we will present a new concept of intelligent materials by hybridizing biomolecule, especially biomembranes, with
inorganic materials that have unique properties not found in organic materials, such as ferromagnetic, semiconducting, and
mechanically responsive properties. Biomembranes, which can change their morphology and functions dynamically in response to
changes in the external environment, can be regarded as the ultimate "smart molecular system" in nature. In this paper, based on the
biomembranes, we investigate the functionalization of liposomes and exosomes as artificial cell membranes, hybridization with
inorganic materials and polymers, control of membrane morphology, and complexation with membrane proteins.
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Fig. 1 Design concept of intelligent hybrid materials based on biomembranes for bioapplications.
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Fig. 2 Schematic diagram of membrane fusion between
artificial cell membrane (liposome) and exosome.
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Olfactory epithelium organoids as model for SARS-CoV2 infection
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Since the first report on the technology for forming cerebral cortical tissue in culture dishes from mouse and human embryonic stem
cells (ES cells) (Eiraku et al., 2008), competition for the development of neural organoids technology has spread worldwide. At present,
neural organoids are used in a wide range of research fields, including regenerative medicine, pathological models, applications of drug
discovery platforms, and those that show usefulness as evolutionary and developmental biological models of human brain formation,
and many reports have been made. Neural organoids are often formed from pluripotent stem cells (ES / iPS cells). Multicellular
phenomena such as nerve induction, neuroepithelium formation, neural pattern formation, neurogenesis, tissue morphogenesis, and
layer structure formation are recapitulated in a culture dish. Here, I introduce the process of mammalian neural development and the
principle of formation of neuronal organoids, and introduce our recent achievement, olfactory organoid formation technology.
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