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Development of fast photoresponsive soft actuator
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Since the oligomer used in the previous study has a molecular weight
dispersion, it is considered that the homogeneity of the network is not uniform and, as a result,
the photoresponsive speed is slowed.In this study, we synthesized a novel crosslinking agent N,
N-Bis (3,5-diaminobenzoyl) -4,4"-diaminoazobenzene (BDA-Azo) with azobenzene embeded 1n the center
of a tetra-functional amine, A polymer gel was synthesized by an end crosslinking method with an
anhydride. Among azobenzene introduced in the network of polymer gel, the proportion of molecules
effective for photoresponsiveness has greatly increased from 66% to 87%. The light deflecting speed
of the new polymer gels increased to 1.5 times that of the conventional gels. In addition, in this
research, by increasing the crosslinking density, aggregation between segments was reduced and
succeeded in maintaining the original deformation rate and reversible photoresponsiveness even after

converting to highly rigid imide bonds.



D

2)
3)

Hz
Hz

(Y. Yu, MNature(2003))

(H. Hosono, Macromolecules,46, 1017,
2013)

60

10%
99%
60%

4,4 - Pyro-
mellitic dianhydride (PMDA)
1000

1,3,5-Tris(4-aminophenyl)
benzene (TAPB)
Tetrakis(4-aminophenyl)methane(TAPM)

TAPB TAPM
65
mM NMP
o o
O L
o o
DAA PMDA
! .
o (0]
HO °
o N N
iNA(>HN*C> s
o OH
o. o
° PMDA-DAA-PMDA
NH, NH,
& OO
oo,
TAPB TAPM
A TAPB gel TAPM gel
Scheme 1

N, N-Bis(3,5-
diaminobenzoyl)-4,4" -diaminoazobenzene

(BDA-AZ0)
PMDA (BDA-Azo
)
65 mM NMP
Q [o]
o o

X /'}
. BDA-Azo gel

Scheme 2
0.2 mm



NMP 1
0.15 mm
cm NMP
trans- cis
10405SD0030B-1S-TK(
405 nm 25 mW) cis
- trans
SSL-532-0100-10TM-D(SANCTITY LASER
532 nm 45 mW)
TAPB TAPM BDA-Azo
90°
90 (15
)
1 90
TAPB TAPM BDA-AZ0
4.86+ 4_75+
t/s 0.58 0.65  >-90%0.49
40
40
30
;f 20
ﬁ BDA-Azo% /v
= TAPM % /L
10
TAPBZ /v
0 ‘
0.00 0.20 0.40 0.60 0.80 1.00 1.20
B tls]
1.
(<40° )
BDA-Azo
TAPB 2 TAPM 1.5
20 mm 2 mm
2
gml  NMP 10° C
48
24

Miller-Macosko

TAPB% v 0.31 0.65 0.04
TAPM % v 0.66 0.30 0.03
0.00
BDA-Azo%7 /v 0.87 0.12
0.00 0.20 0.40 0.60 0.80 1.00

e

WEHE wFLVYLITE wINTTIVaY

BDA-Azo
BDA-Azo
s =1:1
10
TAPB TAPM
BDA-Azo
BDA-Azo
11

Kaeda Aoki, Ryosuke Suga, Yosuke Senga,
Kenro Totani, Tel Maki, Hiroshi Ito, Kiichiro



Shinokura, Kazutomo Suenaga, Toshiyuki
Watanabe, “Structural analysis and oxygen
reaction activity bamboo-like nitrogen doped
carbon nanotubes containing localized

nitrogen in nodal region”, Carbon, ,
119, 2017,

Ohsuke Shigehiro, Toshiyuki
Watanabe, "Dispersive properties of nitrogen
doped carbon nanotubes in solvents
synthesized by plasma enhanced chemical
supercritical fluid deposition method”,
Colloid. Interface Sci. Commun., ,18,
2017,

76, 2016, 297-297
DOTI:org/10.2115/fiber.72.P-297

Yuichiro Tsubomoto, Kenro Totani, Toshiyuki
Watanabe, Shuzo Hirata, Martin Vacha
“Long-lived Triplet Excitons Allowed by
Intermolecular Hydrogen Bonding in
Amorphous Matrix” J. Photopolym. Sci.
Technol., ,28(4), 2015, 573-577
DOI:10.924/photopolymer.28.573

Takuro Imagawa, Shuzo Hirata, Kenro
Totani, Toshiyuki Watanabe, Martin
Vacha, “Thermally activated delayed
fluorescence with circularly polarized
luminescence characteristics”, Chem.
Commun., , 51(68) , 2015,
13268-13271
DOI: 10.1039/C5CC04105H

Yuki Katusrada Shuzo Hirata, Kenro Totani,
Toshiyuki Watanabe, Vach Martin,
“ Photoreversible on-off recording of
persistent room temperature
phosphorescence”, Adv. Opt. Material.,
,3(12), 2015, 1726-1737
DOI:10.1002/adom.201500334

Shuzo Hirata, Kenro Totani, Toshiyuki
Watanabe, Hiroyuki Kaji, Martin Vacha,
“Relationship between room temperature
phosphorescence and duteration position in a
purely aromatic compound”, Chem. Phys.
Lett., 591, 2014, 119-125.
DOI:10.1016/j.cplett.2013.11.019

Naoki Yoshihara, Nobuhiko Hosono,
Ryota Ohshima, Kenro Totani,
Toshiyuki Watanabe “Rigid Polyimide
Networks End-linked with Tri- and
Tetra-armed Crosslinkers”
Macromolecular Chem. Phys,, 215,
2014, 988-997
DOI:10.1002/macp.20147003 1

Daichi Kusano, Ryota Ohshima, Nobuhiko
Hosono, Kenro Totani, Toshiyuki Watanabe,
“Photo Chemical reaction in
azobenzen-containing rigid poly(amide acid)
networks”, Polymer, 55,2014,
5648-5655 .

DOI: 10.1016/j.polymer.2014.09.026

63 (D,
2014, 123-123.

Shuzo Hirata, Vacha Martin, Kenro Totani,
Takashi Yamashita, Chihaya Adachi, “Large
reverse saturable absorption under weak
continuous incoherent light” Nat. Mater., 13,
2014, 938-946

10.138/nmat4081

20

68 2017 5 29
H~5 31

Shinpei Mukadayama, Toshiyuki Watanabe,
“ Synthesis and Evaluation of
absorption Property in Norbornene

Copolymer Having
2,4-diamino-s-tryazynyl Group” ,
97 2017 3 16
~3 19
, 26
,2017 1
11A~1H1
" 2,4- -S-
26

,2017 1 11HRA~1H1

Ohsuke Shigehiro, Toshiyuki Watanabe,
“ Novel Conductivity Composite Films
with Nitrogene Doped Carbon Nanotubes
Supercritical Nano Metal Particles” ,
The 11th SPSJ International Polymer
Conference, 2016 12 13 H—~12 16

, Fukuoka International Congress
Center(Fukuoka Fukuoka City)




Kohei Osaki, Toshiyuki Watanabe,
“ Synthesis and Thermal Property
Analysis of Stereo-Block Copolymer

Having 2,4-diamino-s-triazyl group” ,

The 11th SPSJ International Polymer
Conference, 2016 12 13 H—~12 16
, Fukuoka International Congress

Center(Fukuoka Fukuoka City)

Mizuki Kujirai, Toshiyuki Watanabe,
“ Network Structure and
Photoresponsibility in End Cross linked
Polymer Gel using Novel Cross Linker” ,
The 11th SPSJ International Polymer
Conference, 2016 12 13 H~12 16
, Fukuoka International Congress
Center(Fukuoka Fukuoka City)

Toshiyuki Watanabe, Ryota. Ohshima,
Kenro Totani, “ Long persistent
Phosphorescence in Metal Free
Polymers” ,14th International
Conference of Frontiers on Polymers and
Advanced Materials, 2016 11 01

~11 04 Daejeon, Korea
65
2016 9 14 H—~9 16
Vacha
Martin
25
2016 1 08 H—2016 1
08
Vacha
Martin
EL 21 2015 11
12 H~2015 11 13
SrAl1204:Eu,Dy 2015 6
12 H~2015 6 14 27
64
2015 9 15 H—~2015 9
17 (

)

Q7

8

9

Vacha Martin, -

2015

2005 9 9H~2015 9 1.1

Vacha Martin,

2015 2005 9 9H~
2015 9 11
64 2015
5 27H~2015 5 29
95 2015 3 26 H—~
2015 3 29
24
2015 1 19H-~
2015 1 19
63
20014 9 24 ~2014 9 26
63
2014 5 28
~2014 5 30



http://ww._web._tuat.ac. jp/~watanabe/

@
WATANABE Toshiyuki
10210923

@
TOTANI Kenro
50397014

(©)

*




