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REFEBEETHERLLRYEZILTLI—LTILDY ) —TEE)
Creep Behavior of Poly(vinyl alcohol) Gels Prepared by Repeated Freezing and Thawing Cycles

WEI R - SR I

C KRR

Toshikazu TAKIGAWA, Jun-ichi HORINAKA, Koichi YAO
Department of Material Chemistry, Graduate School of Engineering, Kyoto University

We have examined the creep behavior of cylindrical poly(vinyl alcohol) (PVA) gels under uniaxial compression. In this system the
creep occurs by the solvent squeeze from the gels by load. The retardation time for the gels under different weights does not depend

on the diameter of the specimens, and the total creep is well described by a single exponential function. A simple model, possessing
the load-independent retardation time and then decaying in a single-exponential manner, is also presented in this study.
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Fig. 1 Time (¢) dependence of the height (%) and the
diameter (d) of PVA049.
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Sample Code | dy/ mm 7/ 10% & &
PVA049 9.80 6.7 0.13 0.25
PVA069 10.0 7ol 0.20 0.28
PVAO0R9 10.0 6.7 0.21 0.35
PVAI109 10.0 8.8 0.24 0.39

Table 1 Initial diameter (d;,), retardation time (7),

strain by elastic deformation (&) and total strain (&,).
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Development of Fluorescence Probes for Detecting Plastic Particles in Water

T —4 - M AT
Kazuo TANAKA, Masayuki GON
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

We report the fluorescent sensor for nano-sized plastics, called as “nanoplastics”, in water. The sensor was constructed based on the
dye-modified organic—inorganic hybrid gel presenting dual emission property. From luminescent color change, the existence of
plastic particles in water can be detected, whereas silica particles, which are the main component of wild sand and rock, are

negligible. Furthermore, it was shown that the sensor can monitor only nano-sized plastic particles. From these data, we can say that
water pollution by “nanoplastics” can be rapidly evaluated through the facile detection system. In this paper, the detection

mechanism is illustrated.
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Syntheses of Conventionally Inaccessible Polymers

through Side Chain Replacement

R - 7)1l
Makoto OUCHI, Tsuyoshi NISHIKAWA
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University

The ability of isopropenyl boronate pinacol ester (IPBpin) as a monomer for radical polymerization was found and utilized to establish
polymer synthesis on the basis of side chain replacement. IPBpin was smoothly polymerized in typical free radical polymerization
condition, affording high polymer (M, = 1.4 x 10%) bearing boronyl substituents on the main chain. Density functional theory-based
investigation suggested the contribution of empty p-orbital on boron for moderate stabilization of radical chain end as the key for
efficient radical polymerization of IPBpin. Controlled radical polymerization of IPBpin was possible by using reversible addition-
fragmentation chain transfer system, enabling the tuning of polymerization degree and synthesis of block copolymer with common
monomers such as methyl acrylate and styrene. The boronyl pendants on the main chain of obtained polymer can be used as replaceable
side chain in polymer reaction for synthesis of poly(a-methyl vinyl alcohol) and poly(a-methyl vinyl amine), which are difficult to

synthesize in conventional polymer synthesis.
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An ideal strategy: Replacement of side chains
by post-polymerization reaction
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Fig. 2 Polymer synthesis based on replaceable side chain
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Fig. 3 Free radical polymerization of IPBpin, MNon, and
IPOAc for comparison of their ability as the monomer for
radical polymerization.
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Fig. 4 DFT-calculation of total energy change in DCT
process in the case of IPOAc and IPBpin (UB3LYP/6-31G*).
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Fig. 5 Monitoring of radical polymerization of IPBpin in
the presence of RAFT reagent.
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Fig. 6 Block copolymer synthesis using IPBpin with
MA or Styrene.
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Fig. 7 Side chain replacement for synthesis of
PMVA.
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Fig. 8 Block copolymer synthesis through side chain
replacement.
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Binary Colloidal Crystal of Polymer-Brush-Decorated Hybrid Particles
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Institute for Chemical Research, Kyoto University

We here construct binary colloidal crystals by exerting attractive force between two kinds of particles grafted with polymer brushes
having hydrogen-bonding ability, which are synthesized by surface-initiated living radical polymerization. For this goal, two types of
silica particles labelled with rhodamine B and NBD as fluorescent dyes are synthesized (referred to Rh-SiP and NBD-SiP,
respectively). Polymer brushes composed of copolymers of an adenine-containing monomer and methyl methacrylate (MMA) as well
as a thymine-containing monomer and MMA are grafted onto Rh-SiPs and NBD-SiPs, respectively. As a result of confocal laser
scanning microscope observation for a mixed suspension of the nucleobase-containing-polymer-brush-decorated hybrid particles,
these particles form binary colloidal crystals by appropriately controlling the attractive force exerting between them with parameters

such as the content of nucleobases and the type of solvent.
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Fig. 1 Chemical structures of thymine-carrying and
adenine-carrying monomers.
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Fig. 2 TEM images of (a) rhodamine-labeled SiPs and (b)
NBD-labeled SiPs.
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Fig. 3 CLSM images of mixed suspensions of two types of
polymer-brush-decorated  hybrid particles. (a) The
concentration of one of those particles is higher than that of
another particles. (b) The concentrations of those particles
are almost identical.
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Fig. 4 CLSM images of mixed suspensions of two types of
polymer-brush-decorated hybrid particles. The interparticle
interaction was controlled by DMF concentration. Under an
appropriate DMF concentration, the particle suspension
formaed a binary colloidal crystal.
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CsCl-type crystal structure

Fig. 5 Structural analysis of binary colloidal crystals by
CLSM. The binary colloidal crystals obtained here have a
CsCl type crystal structure.
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Fig. 6 Video microscopy image of binary colloidal crystal
formation. The image was obtaiend by a fluorescence
microscope equipped with a unique optical system which
can detect two different wavelengths simultaneously. We
confirm that the particles moved around, the alternating
arrangement of green and red particles gradually increases,
crystal nuclei form, and crystals grow gradually.
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Phase behaviors of aqueous solutions of hyperbranched poly(N-isopropylacrylamide)s have been theoretically investigated on the basis

of cooperative hydration of polymer chains. The cooperative hydration is a hydration of polymers with a tendency to form long

sequences of bound water molecules along the polymer chains. By assuming that the cooperativity of hydration is interrupted by the

branching points, we have discussed the effects of the molecular branching structures, such as the molecular weight, the chain length

between branching points, and the generation number, on the phase behavior. The phase diagrams are constructed by numerical
calculation of the binodal curves, the spinodal curves, and the critical point. The effect of hydration of branching points and end groups
on the phase behavior are also investigated. The calculation results of transition temperature have been compared with the experimental

cloud point data, and a good qualitative agreement has been found.
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Fig. 1 Schematic image of thermosensitive hyperbranched
polymers in water, where the chains between branching
points are hydrated with a tendency to form long sequences
of bound water molecules along the polymer chains.

LI ERE R OHERARATIC X 0 . PNIPAM 8423 Bk FaiC X v
BHE L, BENRSAREEERT 52 N0 TET
9, Z DX ST, EHH PNIPAM /KIFTRIZBE 2 Wit 23 F255 -
PRERM 2> DAFZERED H TV 5,

TR, B TERFIEDOERIZLY | SO EEH &
BFET TR, HFHEEOHE SN -0 E 2 H
LHENTORRPEEICTE DL IR TEL Y, £
IR v o3 F UL B oy F & ST ARV REME, O AR e
ORI AR, e B CORABHFE TV
W ZRITTREE A S 7= 2451 PNIPAM 23 AR & 4,
Z OIRERE OB DR S D Yo XO/NE 2558 5
K ORuHE % H 95 %435 PNIPAM IZ8 W T, 45 FROK
TV, ZOKBROERIFRT T2 Z EB/HE SN
7o, Jeak D BK ARG A9 5 E8H PNIPAM O /KIS
AT T EAK T D B T ° & T E 2 5 0 T 4
CTWbbDEEZLND,



AT A ST IEEE & 5 5 PNIPAM DK
WIRD AT 3+ REIR IS 2R T oo FHM LI
PTT D728, ZRIEE S O WEAFIOFEHE2H T
TN EER L, KFOWENE & 2500600 BR ISR BN
5.2 I OWTHT (Fig.d) .

2. IEZE
VRIRDIEEREIEZAUE L, 253818 531 /KRR & %476
BT EKRFTTFO2ARE LT BTET VED LITHE
WROBBT R LX—% RS 5, £i2. @H O
TR L, 1 O0ZNEE S FlEnflo® 7 AL Fhbis
HET 5,

2—1. ERIEEE

Fig2 &, il LTHESMREFTLL RS F DMk
EREE 2 2 It RIS 2 b DR IRT, T4 — LR
AV NI D TR ES 8 I i C RISl U, iz e it
ROWITHNR TS, S DIZROHARD I AN D ZFTH
DEP DT D, ZNEBIRL, BRI HOMIER
SR AL, HULD BAMAI~I o TR K E L 725,

chain end group branching point

focal point

hyperbranched polymer with G (= 5) generations

Fig. 2 Schematic image of thermosensitive hyperbranched
polymers with G(=5) generations.
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Fig. 3 (a) Propagation of cooperativity through the branching
point and (b) interruption of cooperativity by the branching
point.

Fig.3a ("9 & 912, By 8H D AKF O o [RIE 1353 I 47 % Jel
S THDOEGEHMRIET D52 L BB N LR, Hingit
T A NG ROEREEDENIND | B R AR T
B s 2 08U BT, R TR D S ET
% (Fig.3b) .

A& O EESY DOKFNIIMSIIHR Z D DT, @D 0
ROWELEXIILLFO X H12E T D,

o) c .
=mmwﬂﬁ$@WM”ﬂ%WmWﬂmmw

B = 2 SR TIRAS A > T s DA bR 575, = 0
T, B OKMPBPT X TOMKRTHETH D LIRKET D
ELESTDOOROEBEZENIILLTO X 512k 0 i s
FBLied,

9o @) = [fo DIVt [co D1V [bo 31N> [eg ()] Ve
DTFTiHINE D EICRHEEED 5, IR T81EE AW T
A OKFNCEAT 2WELHXILULTO LI ITRD L
na,

co(y) = eMe [A?C_l(ecﬁ’(c cos ¢ + e~ CcKe sin ¢ )?
+ lgc_l(—ecc+'(° sin ¢,
+e Ko cos d)?|

bo(y) = eM>[2 cosh(2C,)]™

fo) = e™[2 cosh(2Cp)]™

eo(y) = eMe[2 cosh(2C,)]"

ZZ7T
1
C.= Zln(ACY)

N 1
M, = ?ln(lcy) + 1 (nc+1lno

KC =%1n0
Cy = Zln(lxy), (x =fDb,e)

n
M, = %ln(lxy), (x =fb,e)

TH Do Aev A Aps AdTENEIL, o8, 7 A — B LR
A2 b, S, REEOKFICET 2 2EERTH D,

3. HREER

BRI E D TOKfESBE L& & Ol TMRKIT
{ELIZRET=1-0/TERHW, y/37 A=

x=1/2—yr
LT 5, YIRS T LIRS FIC R VIREIWEEHTH
%, DETEHE
Ay = Axoexpliy(1-7), (x=cfbye)

ER L. Ao LUy, DIEIZILESH PNIPAM JKIAHR OFH B
FETHWLBNIZEMEZ AV, A, =0.002 (x =cfb,e),
Yo =3.5& Lz, H8HOKFnOWREIN:, KOS58 L4t
BT DKFUTREE DI R AR DT, T DEE RHEH
WL SH, 2O FZEENR L OUKFIZENC 5 2 D Zh ik
TR,
3—1. BHEEE & HRK

% 43 I5% 15 55 F D A3 I8 S A 38 1T % AR AN D B [B M oD 45 e 73
FEENC ZIETRRIC OV TR D 2D, 2 2Tl ol
BRESSEMICB T S Ko WREEET S DL L
TOHMBE, FTE~AOFGIINSIEBHTEDZEL, &
DT A MiEn=0 (74 —HILFRA L N, n.=
5 ~ 600 (FB536H) . np =0 (HlR) | ne =0 CGRIRHE)
& LTz, ERAHLISNDERSr DIRFNILZ 2 TIEHB 2720,



0 T T T T
-5 B
~
e
@ e
1 -1 H 4
p—
I
[ o=1.0—
-1.5¢ 0.7 — A
0.5
w?’\ 0.3
2 . . . .

0 0.1 0.2 03 0.4 0.5

¢

Fig. 4 Phase diagram of linear polymers in water. The
cooperativity parameter ¢ is varied from curve to curve.
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Fig. 5 Molecular weight dependence of transition

temperature (binodal point) of hyperbranched polymers with
the number of generatons G =0,3,4,5. The cooperativity
parameter ¢ is varied from curve to curve.
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Fig. 6 Hydration degree of hyperbranched polymers at fixed
polymer concentration ¢ = 0.01. The generation number G
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Fig. 7 (a) Molecular weight n dependence of transition
temperature (binodal point) of aqueous solutions of
hyperbranched polymers with the number of generations G =
0,3,4,5. The cooperativity parameter ¢ is varied from curve
to curve. (b) Transition temperature (bimodal point) plotted
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Although the effect of cancer treatment by self-assembled nanogel vaccine is shown, there is still room to improve the treatment
efficacy. Therefore, we tried to develop more effective cancer therapeutic vaccine utilizing advantages of self-assembled nanogels.
The efficacy of cancer therapeutic vaccine is concerned with the activation of CTLs. There are three steps in the process; (1) antigen
delivery to lymph nodes, (2) activation of cytotoxic T lymphocytes (CTLs) by interaction of vaccines with antigen presenting cells
(APCs) and (3) efficient attack of cancer cells by CTLs. We have developed nanogel vaccine systems which approached to each step.
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Fig. 1 Schematic illustration of nanogel-based vaccine systems
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Fig. 2 Schematic illustration of chemical structures of

CHP and CH-CDex.

Table 1 Characteristics of nanogels

with OVA
Diameter Diameter Zeta potential
(nm) (nm) (mV)
CHP 321455 63.0£1.3 -1.8+0.5
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Table 2 Characteristics of nanogels

with OVA
Diameter Zeta Diameter » Zeta
(nm) potential (nm) potential
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Fig. 3 In vivo immune responses by

nanogel vaccines.
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Fig. 4 In vivo immune responses by nanogel
vaccines. Schematic illustration of this study.
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ligand-receptor interaction and induce immune
responses.
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Herein, we have studied open-circuit voltage (¥oc) of polymer solar cells based on a blend of a crystalline conjugated polymer and a
fullerene derivative (PCBM). We employed two thiazolothiazole (TzTz)-based crystalline polymers with different side chains:
PTzBT-BOHD has two branched side chains of 2-butyloctyl (BO) and 2-hexyldecyl (HD) and PTzBT-120D has a linear side chain
of n-dodecyl (12) and a branched side chain of 2-octyldodecyl (OD). Interestingly, polymer solar cells based on blends of
PTzBT-BOHD/PCBM and PTzBT-120D/PCBM exhibited different Voc even though these two polymers exhibit the same highest
occupied molecular orbital (HOMO) energy level in neat films because they have the same conjugated main chain. In order to
address the origin of the different Voc, we measured temperature dependence of Voc of these polymer solar cells. From an
extrapolated value of Voc at 0 K, we evaluated an effective bandgap energy AEpa of charge transfer (CT) state formed at a
donor/acceptor interface in these polymer solar cells. We found different AEpa for the two polymer solar cells, which suggests
different HOMO levels in the blend films. We therefore measured the HOMO level of these conjugated polymers in the blend films
by cyclic voltammetry. As a result, we found that these two polymers have the same HOMO level in crystalline phase but different
HOMO levels in disordered phase mixed with PCBM. In order to address the origin of the different HOMO levels, we thus
calculated the HOMO energy levels for model compounds for these polymers. As a result, we found that the HOMO level of the
120D-attached compound is shallower than that of BOHD-attached compound. The shallower HOMO level is due to an extension
of m-orbital to the linear side chain (n/C-H interaction). We therefore conclude that higher Voc can be obtained by using crystalline
polymers with appropriate branched side chains.
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Figure 1. Chemical structures of materials employed in
this study: a) PTzBT-BOHD, b) PTzBT-120D, and c)
PCBM.
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Figure 2. J-V characteristics of crystalline polymer solar
cells: PTzBT-BOHD/PCBM  (black  circles) and
PTzBT-120D/PCBM (red circles).
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Figure 3. Temperature dependence of qVoc for crystalline
polymer solar cells: PTzBT-BOHD/PCBM (black circles)
and PTzBT-120D/PCBM (red circles). The solid lines
represent the fitting curves with Eq. 1.
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Figure 4. Cyclic voltammogram for crystalline polymer
solar cells: PTzBT-BOHD/PCBM (black circles) and
PTzBT-120D/PCBM (red circles). The scan rate was 5
mV s™.  The upper axis is a relative energy assuming that
the redox potential of Fe/Fe" is 4.8 eV.
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Table 1. HOMO energy levels of the monomer models.

BOHD 120D
With side chains 6.357 eV 6.285 eV
Without side chains 6.529 eV 6.504 eV
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Figure 5. Optimized molecular structures of monomer
model compounds for a) the 2-butyloctyl (BO) side chain in
PTzBT-BOHD and b) the n-dodecyl (12) side chain in
PTzBT-120D. The green and red planes represent a plane
for m-conjugation in the main chain and a plane for all-trans
alkyl in the side chain, respectively. The angle between the
two planes is ~70 ° for PTzBT-BOHD and ~0 ° for
PTzBT-120D model compounds.
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Figure 6. Spatial distribution of HOMO in the optimized
monomer model compounds for a) the 2-butyloctyl (BO)
side chain in PTzBT-BOHD and b) the n-dodecyl (12) side
chain in PTzBT-120D.
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In-situ measurement of self-assembling processes in blockcopolymer thin films with GISAXS
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Mikihito TAKENAKA, Takuya OMOSU, Hiroki OGAWA
Institute for Chemical Research, Kyoto University

Directed self-assembly (DSA) of block copolymers (BCPs) has been one of the most promising next generation lithography candidates.
In order to use the DSA lithography for advanced semiconductor device manufacturing, we need to mitigate defects in the DSA
materials and processes and to clarify the defect generation mechanism by using in-situ measurement of the self-assembling processes
of BCPs. In this study, we observed the process of the self-assembly of a diblock copolymer by grazing incident angle small angler X-
ray scattering (GISAXS) during heating process. An isotropic structure was induced near the glass transition temperature, and
transformation to lamella structure was observed at 135°C. The lamellar structure has a larger period than isotropic structure. The
structure gradually grew according to the temperature, and it turned out that the whole film had a vertical lamellar structure at 145°C.
At higher temperature the long-range order of vertical lamellar structure was developed with temperature.
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Fig.1 Schematic procedure of a typical DSA process
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Fig.2 Defects formed in DSA process. (a) (b) dislocation,
(c) short, (d) open
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Fig.3 Temperature dependence of 2D-GI-SAXS images and AFM images of PS-b-PMMA thin film during heating process
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Fig.7 Temperature dependence of 2D-GI-SAXS images of PS-b-PMMA thin film during heating process at 0.05°.
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Light scattering measurements were made on three linear polybutadiene and one ring polybutadiene chains grafted with polystyrene

chains in cyclohexane solutions at 34.5°C to determine the weight-average molecular weight and the mean-square radius of gyration

($?). The (S?) data were analyzed with the aid of the theory for wormlike chain model and determine the stiffness parameter 1! for

each polymer. The A™! values for the linear and ring comb polymers with the same side chain length were found to be close each
other. The previous {S?) data for the same polymers in toluene were re-analyzed by considering the excluded-volume effects, but

the conclusion was not changed.
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Table 1. Molecular weights of the components and the grafting
ratios for the ring (R) and linear (L) graft polymers.

Sample trunk chain side chain grafting
104 My, 103 My ratio (%)
R-g-s 92k 9.2 5.8 40
L-g-s 92k 9.2 52 43
L-g-Ls 92k 9.2 7.8 45
L-g-s 178k 17.8 52 38
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Figure 1. Square root of the reciprocal reduced
scattering intensities for linear and ring brush-like
polymers in cyclohexane at 34.5 °C plotting against
square of the magnitude of the scattering vector (circles
with pip up) and against the mass concentration of
polymer (circles with pip down).
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Figure 2. Mean-square radius of gyration for brush-like
polymers plotted against the weight-average degree of
polymerization of the trunk chain: triangle, L-g-Ls;
circles, L-g-s; square, R-g-s.
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Figure 3. Stiffness parameter for linear (unfilled

circles) and ring (filled circle) brush-like polymers in
cyclohexane (34.5°C) plotted against the degree of
polymerization of side chain.

4—3. MLIVERIZHT DT—2 DBEHEN

PIRTO M BRI T 5T — Z OfFFTIIZIB W T
531 NBEBRIRFEN R DB A AR U 72T &2 LT\ e, L
MURERL, FMVZUIAEHAR Y AF Lo BIEEETH
0. DTFHNBERAREDRIC L > TEBIE L Tz e Ex
b5, ZTDOTOITHEMER L OB D A 2R KEE
fli L W2 mREER B X b, £ 2T, I 2 CHEEHE
FOBRIRT T UIRE S F O(SN T D HERR AT R 2 &
L. LRIOT —4 & BT+ 5,

(S~ DOHEBRIRFEZ BT HEBRIRE D R OB 720, Wb
& 5 IEEENRIBIZ 1T 2 1 IR [BIHR 2R (S0l BT
R FaD2REBNT 22 L TEET LI LRTED,

(8%) = ag(S%), 3)
EHIZHT D a IR TER SN D PRI N T A =22
ORBE LTEENDZ EBMBNTNDI),

3 3/2 s
2=l AB(AL) 4)

T

Z 2T, BIFHEBRETE N T A —F 2T,
EHIT T B A REER o, 12X LT, KXO

'S, linear

Domb-Barett XN E L i s,

a;,lincar = [1 +10z + 27.822 + 44-.623 ]2/15

x[0.933+0.067exp(—0.85z -1.39z%)]  (5)
BOIREH 0 Bl 2R IR IR T o g&:iﬁ#éiﬁbi%ﬂ%i{b’cu\

S,rin;

VDT, IROFRIZERAL L7z, Domb-BarettD i A i PR
IR F-12x 3 2 D& BB ITROFRICE LT,

A3 g =1+ Cz+Cy2* + G2’ 6)

20T ag y, 27 LARDBITIEAT215E L, CiT 15X

ZZZOWTREB LI & &, 20 1 ROZRED 1REEINRED
aREED LTI L LTz, ClEDomb-Barettz D fE
278% %D FEFE MW=,
CIRDERIZITE LTe, BRSO IR 73 F B DEH
D(SNHT D g L FRT . BRI Dg & OB O
ggo& PEMRIIRA TR EN D,

2
a5 4
8s=—> e 85,0 (7

aS,linear
2@ T, KE). OF AT EREROMIAR S,

1.55
8s = 2/15 gS,() (8)

C3

F7o, HHTEE S TICH LT = 0523 b 5% —J7,
z > ollBITDHgl LT, TvThruIal—igy
IZ L DMH0.56D3F1 HAL D100, Z 6 DEZR@)ITRA L,
Gk 2MH62.6 41572,

KO~@)FANWTT 4 v T 4 7 LThE R % Figure 4~
6Ll d, I, AR & ERITENENIEEER L OHEE)
B33 (S DOFBEMZ R T,

ROTATOMBEESEnlZKkI3 257 7 > b % Figure 712
AT, BRIRMITE & o3 S (@) IXE ST & o1
Wk 228 (O) ZREALERKREIY b LicdY, Bk
Wi @5y DA NTESIC LR TR E WV &V )RRl O
Vi T i

10*

log ((5% / nm®)
3,

102 A R A
10° 10° 10*

log N

Figure 4. Fitting results to the (S?) data for L-g-Ls
linear comb polymer in toluene. Dashed and solid lines
show the calculated values for unperturbed and perturbed
chains.



log ((8*) / nm®)

log N

Figure 5. Fitting results to the (S?) data for L-g-s linear
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Figure 6. Fitting results to the (S?) data for R-g-s ring
comb polymer in toluene. Dashed and solid lines show
the calculated values for unperturbed and perturbed
chains.
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Figure 7. Stiffness parameter for linear (unfilled
circles) and ring (filled circle) brush-like polymers in
toluene (25°C) plotted against the degree of
polymerization of side chain.
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The Effect of Viscosity on the Diffusion and Termination Mechanism of Radical Pairs

UES R N

Ry /2’

Shigeru YAMAGO, Xiaopei LI, Yasuyuki NAKAMURA
nstitute for Chemical Research, Kyoto University, and *National Institute for Materials Science

The effect of viscosity on the diffusion efficiency (F4if) of an organic radical pair in a solvent cage and the termination mechanism, i.e.,
the selectivity of disproportionation (Disp) and combination (Comb) of the geminated caged radical pair and the diffused radicals
encountered, were investigated quantitatively by the photolysis of dimethyl 2,2'-azobis(2-methylpropionate) (V-601, 1b) in the absence
and presence of PhSD. Fuir and Disp/Comb selectivity outside the cage (Dispin/Combiy) are highly sensitive to the viscosity. In
contrast, the Disp/Comb selectivity inside the cage, Disp(cage)/ Combcage), is rather insensitive. Furthermore, while the bulk viscosity of
each solvent shows good correlation with Fair and Disp/Comb selectivity, microviscosity is the better parameter predicting Fair and

Dispif/Combyain selectivity regardless of the solvents.
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Scheme 1. Generation of radicals from azo initiators and the fate
of the generated radicals in the presence or absence of the
monomer and radical trapping agent PhSD.
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Scheme 2. Cage effects in the termination reaction of PMMA
and its model radical starting from organotellurium compound 8.
Diffusion of the radical gave termination products (path A) and
the tellanyl radical mediated the abstraction proposed in
reference 14 (path B).
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Table 1. The effect of bulk and microviscosity on diffusion efficiency Fair and Disp/Comb termination selectivity for caged and diffused

radicals generated from V-601 (1b)

Run Solvent/Temp. nouik (MPas) #mico (MPas) Dispsumy/Combum)®  Fuit (%)  Disp(eagey/ Combieage) Dispaity Combainy Disp/Comb

1 CsDe/80 0.35 0.081 44/56
2 CsDe/60 0.41 0.096 45/55
3 CsDe/40 0.60 0.13 48/52
4 CeDg/25 1.1 0.17 51/49
5  DMSO-ds/80 0.82 0.38 55/45
6  DMSO-ds/60 1.2 0.44 58/42
7 DMSO-ds/40 1.7 0.52 59/41
8  DMSO-ds/25 2.3 0.59 60/40
9 PEG400/30 11 0.63 55/45
10 PEG400/60 21 0.78 58/42
11 PEG400/40 44 0.83 62/38
12 PEG400/25 84 0.88 66/34

55 43/57 45/55 46/54

53 44/56 46/54 47/5314)
48 46/54 50/50 51/4914)
46 47/53 56/44 59/4114)
33 52/48 65/35 67/33

30 53/47 67/33 71/29141
26 55/45 70/30 73/2714
20 56/44 73/27 76/2414]
19 49/51 70/30 71/29

16 51/49 77/23 78/22141
11 53/47 86/14 90/1014!
7 57/43 91/9 94/6l41

[a] The Disp/Comb selectivity obtained in the absence of PhSD. [b] The Disp/Comb selectivity of the caged radical obtained by the
addition of PhSD. [c] The Disp/Comb selectivity of the diffused radical estimated from Dispsumy/Combsum), Disp(cagey/ Combicage), and Fiit.
[d] The Disp/Comb selectivity obtained using the organotellurium compound 8e. Data taken from ref. 17.
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Fig. 1 Correlations between diffusion efficiency (Fuy) and
temperature (a), bulk viscosity (the inset shows the wider viscosity
range) (b), and microviscosity (c) for radical pair 2b(cage) generated
from 1b. The lines and curves are for guidance. Reprinted with
permission from ref. 30. Copyright 2019 John Wiley and Sons.
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Scheme 3. The colliding model of the termination reaction of caged
and diffused radicals generated from V-601 (1b)
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Development of Intracellular Delivery Technology of Imaging Probe to Detect
Intracellular Nucleic Acids Aiming at Visualization of Cell Functions

HAH 28 - FYH B - s 8 —R8
Yasuhiko TABATA, Yuki MURATA, Jun-ichiro JO
Laboratory of Biomaterials, Institute for Frontier Life and Medical Sciences, Kyoto University

The objective of this study is to prepare cationized gelatin nanospheres (cGNS) incorporating molecular beacon (MB) and a
cationized gelatin-MB complex, and evaluate the time period of mRNA visualization. The cGNS with different degradabilities were
prepared to incorporate MB. There was no difference in the apparent size and zeta potential between the cGNS incorporating MB and
the complex, while the MB release from the complex was faster than that from the cGNS. When mouse mesenchymal stem cells
were incubated with the complex and cGNS, the intracellular fluorescence of cGNS was observed over 14 days, whereas that of
complex disappeared within 5 days. As the result, it is likely that the intracellular fluorescence was retained at a high level for longer
time periods. The findings indicate that the intracellular controlled release of MB is a promising to achieve the long-term and
continuous visualization of mRNA which regulates various cell functions.
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Fig. 1. Time profiles of degradation of cGNS crosslinked

with 20 (0), 60 (A), and 100 pl of GA (o). The degradation

test was performed in PBS for the initial 9 hr, and thereafter

in PBS containing collagenase at 37 °C.



Table 1. Physicochemical properties of complex and cGNSwms.

Amount of MB incorporated (pmole/pg)

Apparent size (nm) Zeta potential (mV)

Complex 15
c¢GNSwmB (GA20 pl) @ 15+£0.19
c¢GNSwms (GA60 pl) 14+12
cGNSwmB (GA100 pl) 13+£04

223.6+42.3 7.55£0.90
2259+19.8 9.23 £1.12
223.8+19.3 6.84 £0.89
251.5+27.5 2.90 +1.09

a) The volume of GA added in cGNS preparation.
b) Average =+ standard deviation.
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Fig. 2. MB release from complex (o) and cGNSms ()
crosslinked with 20 pl of GA. The release test was
performed in PBS for the initial 9 hr, and thereafter in PBS
containing collagenase at 37 °C.
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Fig. 3. Cell viability (A and B) and amount of MB
internalized into the cells (C and D) incubated with different
concentrations of complex (A and C) and ¢cGNSwms (B and
D) crosslinked with 20 (o), 60 (m), and 100 pl (=) of GA.
The viability of cells incubated without complex nor

c¢GNS concentration (pg/ml)

cGNSmB was expressed as 100%. *,p<0.05; significant
against the percent survival of cells without complex nor
cGNSwMs.
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Fig. 4. Fluorescent microscopic images of cells after the
incubation with 5 pg/ml of complex (A) and cGNSwms
crosslinked with 20 pl of GA (B). After the incubation with
complex or cGNSwms, the images were taken at 5 (a) and 12
hr latter (b). Red: MB. Yellow: lysosomes. Blue: nuclei.
Scale bar is 20 pm.
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Fig. 5. Fluorescent microscopic images of cells incubated with 5 pg/ml of complex (A) and cGNSwms crosslinked with 20 (B), 60 (C),
and 100 pl (D) of GA for different time periods: 1 (a), 2 (b), 3 (¢), 5 (d), 7 (e), 9 (f), and 14 days later (g). Scale bar is 100 um.
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Fig. 6. Intracellular remaining of complex (o) and cGNSms
crosslinked with 20 (e), 60 (A), and 100 pl of GA (m). The
amount of MB at day 0 was expressed as 100%.
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Self-organized formation of complex organoids from stem cells

K2 TR
Mototsugu EIRAKU

Institute for Frontier Life and Medical Sciences, Kyoto University

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 explain the process of mammalian neural development and the

principle of formation of neuronal organoids, and introduce our recent achievement, SCN organoid formation technology with a central

clock function.
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