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Development of Novel Silicon Polymers Containing Oligothiophenes for the Innovative
Organic Devices
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In this study, oligothiophene-containing polymers were synthesized using the reac
tivity of silicon compounds. It was found that the resulting polymers showed the high mechanical strength
due to their three-dimensional network structures, and the excellent adhesiveness with the metal oxide su
bstrates such as silica glass and ITO (Indium Tin Oxide).
It was also found that the electrical conductivities and ionization potentials of the polymer films could
be tuned by the chain length and substituents of oligothiophenes.



EL

ITO
EL

(34-
(PEDOT-PSS)

PEDOT-PSS
ITO

PEDOT-PSS ITO

(PSQ)
PSQ
ITO
ITO

PSQ

PSQ ITO

) PSQ

PSQ

)
PSQ

©)

) PSQ
PSQ

10% S cm? 10° Scm?

“Polymer Chemistry”
(Polymer Chemistry, vol.2, pp.
868-872 (2011))

2
PSQ

(€)

28
1. Imae, Ichiro; Imabayashi, Saki; Komaguchi,
Kenji; Tan, Zhifang; Ooyama, Yousuke;
Harima, Yutaka, “Synthesis and electrical
properties of novel oligothiophenes partially
containing 3,4-ethylenedioxythiophenes”,
RSC Advances, 4(5), 2501-2508 (2014).




. Tan, Zhifang; Imae, Ichiro; Komaguchi,
Kenji; Ooyama, Yousuke; Ohshita, Joji;
Harima, Yutaka, “Effects of n-conjugated side
chains on properties and performances of
photovoltaic copolymers”, Synthetic Metals,
187, 30-36 (2014).

. Jiang, Xiaoqing; Setodoi, Sunao; Fukumoto,
Saki; Imae, Ichiro; Komaguchi, Kenji; Yano,
Jun; Mizota, Haruo; Harima, Yutaka, “An

easy one-step electrosynthesis of
graphene/polyaniline composites and
electrochemical capacitor”, Carbon, 67,

662-672 (2014).

. Harima, Yutaka; Fujita, Takuya; Kano, Yuta;
Imae, Ichiro; Komaguchi, Kenji; Ooyama,
Yousuke; Ohshita, Joji, “Lewis-acid sites of
TiO, surface for adsorption of organic dye
having pyridyl group as anchoring unit”,
Journal of Physical Chemistry C, 117(32),
16364-16370 (2013).

. Tan, Zhifang; Imae, Ichiro; Ooyama,
Yousuke; Komaguchi, Kenji; Ohshita, Joji;
Harima, Yutaka, “Low bandgap polymers
with benzodithiophene and
bisthienylacrylonitrile units for photovoltaic
applications”, European Polymer Journal,
49(6), 1634-1641 (2013).

. Ooyama, Yousuke; Yamaguchi, Naoya; Imae,
Ichiro; Komaguchi, Kenji; Ohshita, Joji;
Harima, Yutaka, “Dye-sensitized solar cells
based on D-n-A fluorescent dyes with two
pyridyl groups as an
electron-withdrawing-injecting anchoring
group”, Chemical Communications, 49(25),
2548-2550 (2013).

[ I—— >
”

, 13(7), 51-55 (2013).

. Imae, Ichiro; Takayama, Shotaro; Tokita,

Daisuke; Ooyama, Yousuke; Komaguchi,
Kenji; Ohshita, Joji; Harima, Yutaka,
“Synthesis of a novel family of

polysilsesquioxanes having oligothiophenes
with well-defined structures”, International
Journal of Polymer Science, 2012, 484523

(10 pp.) (2012).

. Kano, Yuta; Kushimoto, Kohei; Komaguchi,
Kenji; Ooyama, Yousuke; Imae, Ichiro;
Ohshita, Joji; Harima, Yutaka,
“Intermolecular distances of carboxylated
TEMPO derivatives on TiO, evaluated by
spin-probe  ESR”, Physical Chemistry

10.

I1.

12.

13.

14.

15.

16.

Chemical 15988-15990

(2012).

Physics, 14(46),

Imae, Ichiro; Nakamura, Yuto; Komaguchi,
Kenji; Ooyama, Yousuke; Ohshita, Joji;
Harima, Yutaka, “Development of a simple
method for fabrication of transparent
conductive films with high mechanical
strength”, Science and Technology of
Advanced Materials, 13(4), 045005 (5 pp.)
(2012).

Imae, Ichiro; Tokita, Daisuke; Ooyama,
Yousuke; Komaguchi, Kenji; Ohshita, Joji;
Harima, Yutaka, “Oligothiophenes
incorporated in a polysilsesquioxane network:
application to tunable transparent conductive
films”, Journal of Materials Chemistry,
22(32), 16407-16415 (2012).

Ide, Yusuke; Kagawa, Noriko; Itakura,
Masaya; Imae, Ichiro; Sadakane, Masahiro;
Sano, Tsuneji, “Effective and selective

bisphenol A synthesis on a layered silicate
with spatially arranged sulfonic acid”, ACS
Applied Materials & Interfaces, 4(4),
2186-2191 (2012).

Imae, Ichiro; Imabayashi, Saki; Korai,
Keisuke; Mashima, Takahiro; Ooyama,
Yousuke; Komaguchi, Kenji; Harima, Yutaka,
“Electrosynthesis and  charge-transport
properties of  poly(3'4'-ethylenedioxy-
2,2":5' 2"-terthiophene)”, Materials Chemistry
and Physics, 131(3), 752-756 (2012).

Ooyama, Yousuke; Yamaguchi, Naoya; Inoue,
Shogo; Nagano, Tomoya; Miyazaki, Eigo;
Fukuoka, Hiroshi; Imae, Ichiro; Komaguchi,
Kenji; Ohshita, Joji; Harima, Yutaka,
“Mechanofluorochromism of carbazole-type
D-n-A fluorescent dyes”, Tetrahedron, 68(2),
529-533 (2012).

Ooyama, Yousuke; Nagano, Tomoya; Inoue,

Shogo; Imae, Ichiro; Komaguchi, Kenji;
Ohshita, Joji; Harima, Yutaka,
“Dye-sensitized solar cells based on

donor-n-acceptor fluorescent dyes with a
pyridine ring as an
electron-withdrawing-injecting anchoring
group”, Chemistry - A European Journal,
17(52), 14837-14843 (2011).

Ooyama, Yousuke; Matsugasako, Ai; Nagano,
Tomoya; Oka, Kazuyuki; Kushimoto, Kohei;
Komaguchi, Kenji; Imae, Ichiro; Harima,
Yutaka, “Fluorescence PET (photo-induced
electron transfer) sensor for water based on
anthracene-amino  acid”,  Journal of
Photochemistry and  Photobiology, A:




Chemistry, 222(1), 52-55 (2011).

17.Ooyama, Yousuke; Inoue, Shogo; Nagano,
Tomoya; Kushimoto, Kohei; Ohshita, Joji;
Imae, Ichiro; Komaguchi, Kenji; Harima,
Yutaka, “Dye-sensitized solar cells based on
donor-acceptor n-conjugated fluorescent dyes
with a pyridine ring as an
electron-withdrawing  anchoring  group”,
Angewandte Chemie, International Edition,
50(32), 7429-7433 (2011).

18. Harima, Yutaka; Setodoi, Sunao; Imae, Ichiro;
Komaguchi, Kenji; Ooyama, Yousuke;
Ohshita, Joji; Mizota, Haruo; Yano, Jun,
“Electrochemical reduction of graphene oxide
in organic solvents”, Electrochimica Acta,
56(15), 5363-5368 (2011).

19.Imae, Ichiro; Tokita, Daisuke; Ooyama,
Yousuke; Komaguchi, Kenji; Ohshita, Joji;
Harima, Yutaka, “Charge transport properties
of polymer films comprising oligothiophene
in  silsesquioxane  network”,  Polymer
Chemistry, 2(4), 868-872 (2011).

20.Ooyama, Yousuke; Matsugasako, Ai; Oka,
Kazuyuki; Nagano, Tomoya; Sumomogi,
Minako; Komaguchi, Kenji; Imae, Ichiro;
Harima,  Yutaka, “Fluorescence @ PET
(photo-induced electron transfer) sensors for
water based on anthracene-boronic acid ester”,

Chemical Communications, 47(15),
4448-4450 (2011).

21.0Ooyama, Yousuke; Sumomogi, Minako;
Nagano, Tomoya; Kushimoto, Kobhei;

Komaguchi, Kenji; Imae, Ichiro; Harima,
Yutaka, “Detection of water in organic
solvents by photo-induced electron transfer
method”, Organic & Biomolecular Chemistry,
9(5), 1314-1316 (2011).

22.0oyama, Yousuke; Shimada, Yoshihito; Inoue,
Shogo; Nagano, Tomoya; Fujikawa, Youhei;
Komaguchi, Kenji; Imae, Ichiro; Harima,
Yutaka, “New molecular design of
donor-n-acceptor dyes for dye-sensitized solar
cells: control of molecular orientation and
arrangement on TiO, surface”, New Journal
of Chemistry, 35(1), 111-118 (2011).

23.Ooyama, Yousuke; Nagano, Tomoya; Inoue,
Shogo; Imae, Ichiro; Komaguchi, Kenji;
Harima, Yutaka, “Dye-sensitized solar cells
based on D-n-A fluorescent dyes with
pyridine ring forming strong interaction with
nanocrystalline  TiO,”, Bulletin of the
Chemical Society of Japan, 83(9), 1113-1121
(2010).

24.0Ooyama, Yousuke; Ito, Genta; Fukuoka,
Hiroshi; Nagano, Tomoya; Kagawa, Yusuke;
Imae, Ichiro; Komaguchi, Kenji; Harima,

Yutaka, “Mechanofluorochromism of
heteropolycyclic ~ donor-m-acceptor  type
fluorescent dyes”, Tetrahedron, 66(36),

7268-7271 (2010).

25.Harima, Yutaka; Ishiguro, Yasushi;
Komaguchi, Kenji; Imae, Ichiro; Ooyama,
Yousuke, “Optical absorption spectrum of
pentacene cation radicals measured by
charge-modulation spectroscopy”, Chemical
Physics Letters, 495(4-6), 228-231 (2010).

26.Ooyama, Yousuke; Ito, Genta; Kushimoto,
Kohei; Komaguchi, Kenji; Imae, Ichiro;
Harima, Yutaka, “Synthesis and fluorescence
and electrochemical properties of D-m-A
structural  isomers of benzofuro[2,3-C]
oxazolo[4,5-a]carbazole-type and benzofuro
[2,3-C]oxazolo[5,4-a]carbazole-type
fluorescent dyes”, Organic & Biomolecular
Chemistry, 8(12), 2756-2770 (2010).

27.Li, Zongpeng; Guan, Hongtao; Yu, Ning; Xu,
Qun; Imae, Ichiro; Wei, Junyu, “Conjugated
polymer  poly(2-methoxy-5-(3',7'-dimethyl
octyloxy)-1,4-phenylenevinylene)
modification on carbon nanotubes with
assistance of supercritical carbon dioxide:
chemical interaction, solubility, and light
emission”, Journal of Physical Chemistry C,
114(22), 10119-10125 (2010).

28.Harima, Yutaka; Komaguchi, Kenji; Oka,
Kazuyuki; Maruoka, Takanori; Imae, Ichiro;
Ooyama, Yousuke, “Trapping of atomic
hydrogens in cage-shaped silsesquioxanes by
electric discharge”, Chemical
Communications, 46(12), 2076-2078 (2010).

37
I. ) ) > )
D-A 59’
94 ,2014.3.30,

2. R (3

s ”, 25 2

2014.1.15,
3. s ] s >

» 2013

,2013.11.16,



10.

I1.

12.

13.

14.

, EDOT

” 2013

,2013.11.17,
Tan, Zhifang; Imae, Ichiro; Komaguchi,
Kenji; Ooyama, Yousuke; Ohshita, Joji;
Harima, Yutaka, “Effect of conjugated

side-chain with/without electron-defficient
group on the photovoltaic properties”, 2013

>

2013.11.17,
, “EDOT D-A
”, 2013
,2013.11.17,
”, 2013
,2013.11.17,
, “EDOT
”’ 62 R
2013.9.11,
, “EDOT D-n-A
7,62
,2013.9.11,
EDOT D-A 7
62 ,2013.9.12,
, “EDOT
) 62 , 2013.9.13,
Imae, Ichiro; Imabayashi, Saki; Komaguchi,
Kenji; Ooyama, Yousuke; Harima, Yutaka,
"Synthesis of EDOT-containing oligo-
thiophenes with well-defined structures”,

International Symposia on Advancing the
Chemical Sciences (ISACS10), 2013.6.19,

Sagawa, Hitoshi; Imae, Ichiro; Ooyama,
Yousuke; Komaguchi, Kenji; Harima, Yutaka,
“Synthesis of novel EDOT-containing
n-conjugated functional polymers by direct
C-H coupling and their properties”,
International Symposia on Advancing the
Chemical Sciences (ISACS10), 2013.6.19,

,2013.5.30,

15, : : , ,
, ¢ CH
EDOT
’9’ 62 s
2013.5.30,

16' > > > >

”’ 62
,2013.5.31,

17. ,
7?’ 5

,2012.11.30,

18'75 > > >

PEDOT ”,
31 ,2012.11.9,

19.Imae, Ichiro,
organic-inorganic
South-Central

“Poly/oligothiophene-based
hybrid materials”,
University of Nationalities

Seminar ,2012.9.10, Wuhan (P. R.
China).
20' —_— 2 2 2
”’ 61 R
2012.5.29,
2., » > )
, , , “PEDOT-SiO,
91 ,2012.3.26,
22' —_— 2 2 2
, “EDOT
”’ 91 ,
2012.3.28,
23. e
EDOT ”
3
,2012.3.9,
24. ¢
2011.12.13,
25. s, > )



» 2011

2011.11.12,
26 s ) s >
2011 , 2011.11.12,
27. s 0 > s >
2011 ,

2011.11.12,
28 s ) s >

2011
,2011.11.12,

29.Imae, Ichiro, “Synthesis of lengthy oligo-
thiophenes comprised in polysilsesquioxane
network”, The 8th International Symposium
on Advanced Materials in Asia-Pacific Rim
(ISAMAP-8) , 2011.11.3, Busan
(Korea).

30. ) ) > >

3., , s

,2011.9.29,

32. ,
 11-1
,2011.9.23,

33.Imae, Ichiro; Tokita, Daisuke; Ooyama,
Yousuke; Komaguchi, Kenji; Ohshita, Joji;
Harima, Yutaka; Sugioka, Takashi, “Synthesis
of polysilsesquioxane having oligothiophene
and its optical, electrochemical, electrical and
mechanical properties”, The 2nd International
Conference on Multifunctional, Hybrid and
Nanomaterials (Hybrid Materials 2011),
2011.3.6, Strasbourg (France).

34. ) ) > )

" 14
,2010.11.19,

35.Imae, Ichiro, “Synthesis and properties of
polysilsesquioxanes having oligothiophenes”,
The 7th International Symposium on
Advanced Materials in Asia-Pacific Rim

(ISAMAP-7) , 2010.9.30,
36. ,
142 41
,2010.9.3,
37. o
”’ 52
,2010.4.9,
2
1. , ,
» 2013, 278.
2. s R (13
» 2010, 353.

http://home.hiroshima-u.ac.jp/imae/

o
IMAE ICHIRO
90293399

@

®



