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Development of New Materials for Organic Thin-Film Solar Cells Based on Combination
of Group 14 Inorganic Elements and pi-Electron Systems
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Conjugated polymers containing Si- or Ge-bridged pi-electron systems were prepared

Photo energy transfer and film hole mobility of the polymers were examined, showing the potential utili

ty of the polymers as host materials of bulk hetero junction—tyﬁe organic thin film solar cells. Of those

, D-A type polymers that contain bridged bithiophene units as the donor, exhibited good photovoltaic prope
rties as blend films with PC71BM. The maximal power conversion efficiency reached 6.38%.



BHJ
10%
Si Ge T
BHJ
BHJ-
Si Ge T
BHJ-
T
T
pE4TBTA  pEDTS
p_

Ge

@

Si |\S|4é</s\>>—Ar /S\z
2

R

PEmMT Si = SiMe,
ER = SiMe, CH

Bu Bu Bu
A aAY YA
S S S/y S
pEST PE6T (y =0), pE7T (y = 1),
PEST (y = 2), pE9T (y:3)

energy-transfer

n

pE4TBTA "EDTS

P1
1. Energy transfer
hv (‘\
nHex nHex

JrSl—\\ B—\jSl 7{}*
\nHex kHD n

2. Electron transfer

Energy transfer

)

P2



- )

n ’ Jg 3 '
o @ & )
P1 R. R N’S\N @ “
Ga \ 9 Q
YA
P2 s s F g
n R = 2-ethylhexyl Jé.{g‘
HOMO LUMO

- 90

DTG Si DTS
BHJ- D-A
BHJ-PSC DTG-PTA Ge Si DTS-PTA
Ge-
D-A PTXECN
PC,,BM
BHJ- J-V
2
// Yoltage /W
Ge DTG D-A 02 q 02 04 6 08
‘?‘E =
o
<
£ 4| DTS-PTA
2
D-A z
HOMO =
LUMO DTG £ i
s DTG-PTA
e PCE = 3.46%
D-A 10
PC, Bl BHJ- So_ S N
71 \ / \ / — )
S.\
1TO/PEDOT : PSS/polymer :PC71BM/LiF/Al 2eT " 2ET NN
DTG-TBT DTS-PTA
3.83
Ge Si-Si
S S 6.38%
Ar S S y
\ /G\ / >; { / 1 / DTG-2T
2ET e\ZET
2ET = 2-ethylhexyl s N s s
-L<T
A= g} CeHys STN CeHis D-A
— DTG-Tz
NN
.S, Si
DTG-BTA gt RONTN R ol
M O
s
N/‘E’\N DTG-TBT RI=H,R?=H Si-Si

DTG-TBT(2EH) R'=2EH,R?=H
DTG-PTA E=S DTGTBT(Hex) R!=Hex.R®=H
DTG-PSeA E=Se DTG-TBT(2EH) R!=H.R?=2EH




R-Si-Si-R Me Me
R R
R = Me, n-Bu ‘ s s ‘
p O O Q
. . W
|/ Q O N Me-Si_  SiMe
g
Me-Si. o Si-Me
Me Me

205 - <O
ﬂD’ \(Iﬁ \(IIV

10

F.-B. Zhang, J. Ohshita, M. Miyazaki,
D. Tanaka, Y. Morihara, Effects of
substituents and molecular weight on
the optical, thermal, and photovoltaic
properties of alternating dithieno-
germole-dithienylbenzothiadiazole
polymers, Polym. J., )
doi: 10.1038/pj.2014.35
J. Ohshita, M. Nakashima, D. Tanaka, Y.
Morihara, H. Fueno, K. Tanaka;
Preparation of D-A Polymer with
Disilanobithiophene as New Donor
Component and Application to
High-voltage Bulk Heterojunction
Polymer Solar Cell, Polym. Chem.,

, 2014, 5, 346 - 349, doi:
10.1039/c3py01157.
J. Ohshita, F. Kaneko, D. Tanaka, Y.
Ooyama, Preparation and photo-induced
energy and electron transfer of new

donor-silicon-acceptor polymers,
Asian J. Org. Chem., )
doi: 10.1002/ajoc. 201300288 (Chem—

istry Views )

J. Ohshita, T. Kajihara, D. Tanaka, Y.
Ooyama; Preparation of poly(disilan-
ylenetetracyanobutadienyleneoligothi
enylene)s as new donor- acceptor type
organosilicon polymers, J. Organomet.
Chen. , , 2014, 749, 255-260,
doi: 10.1016/j . jorganchem.2013.10.
007.

J. Ohshita, M. Miyazaki,
Zhang, D. Tanaka, Y. Morihara,
Synthesis and Properties of Di-
thienometal lole-Pyridinochalcogenadi
azole Alternate Polymers, Polym. J.,

Fei-Bao.

, 2013, 45, 979-984  doi:
10.1038/pj -2013.13.
J. Ohshita, Y. Tominaga, D. Tanaka, T.
Mizumo, Y. Fujita, Y. Kunugi,
Synthesis and optical properties of
organosilicon oligothiophene branched
polymers, J. Organomet. Chenm.,
2013, 736, 50-54, doi: 10.1016/
J-jorganchem.2013.03.007.
K.-H. Lee, J. Ohshita, D. Tanaka, Y.
Tominaga, A. Kunai, Synthesis and
optical properties of spirobi-
(dithienometallole)s and spirobi(di-
thienothiametalline)s, J. Organomet.
Chen. , , 2012, 710, 53-58, doi:
10.1016/j . jorganchem.2012.03.012.
J. Ohshita, K. Murakami, D. Tanaka, H.
Yoshida, Synthesis and Reactions of

Silicon-Bridge Dithienylbiphenyls.
Fine Turning of Electronic States by
Bridging Silicon Chain Lengths,
Heterocycles, , 2012, 86,
1167-1176, doi: 10.3987/COM-12-
S(N)72.

J. Ohshita, Y.-M. Hwang, T. Mizumo, H.
Yoshida, Y. Ooyama, Y. Harima, Y.
Kunugi, Synthesis of Dithieno-

germole-containing n-Conjugated
Polymers and Applications to
Photovoltaic Cells, Organometallics,
, 2011, 30, 3233-3236, doi:
10.1021/0m200081b.
Y.-M. Hwang, J. Ohshita, Y. Harima, T.
Mizumo, Y. Ooyama, Y. Morihara T.
T. Sugioka, A. Fujita, Synthesis,
characterization, and photovoltaic
applications of dithieno germole-
dithienylbenzothiadiazole and -di-
thienylthiazolothiazole copolymers,

Polymer, , 2011, 52, 1360, doi:
10.1016/j .polymer.2011.07.009.
24
D-A ,
94 , 2014 ,3 27 -30

, Donor-Si-Acceptor

s 32 s
2013 11 7 -8 ,

, SyntheS|s
of D- A Conjugated Polymers Having the
Disilane Bridged Bithiophene
Structure, 60
2013 9 12 -14

lzawa,



, 37
,2013 6 20 -21 ,

, 2 JACI/GSC
, 2013 6 6 -7 ,

JACI/GSC
-7,

Tt , 6
T , 2012 12
15 -16 ,
J. Ohshita, Applications of

Dithienometalloles as Polymer Solar
Cell Materials, 3

2012 12 10 -11
, 14

, 36
,2012 6 21 -22
Fei-Bao Zzhang, J. Ohshita, Y.
Morihara, A. Fujita, H. Ogi, Syn-
thesis, Characterization and

Photovoltaic Applications of Di-
thienogermole-containing Polymers,

21

22

23

24

THE 10TH INTERNATIONAL CONFERENCE ON
HETEROATOM CHEMISTRY, 2012 5 20
-25

M. Miyazaki, J. Ohshita, Y. Morihara,
A. Fujita, H. Ogi, Synthesis of
Dithienometalole-Pyridinothiadiazol
e Alternate Polymers for Organic
Photovoltaics, THE 10TH INTERNAT IONAL
CONFERENCE ON HETEROATOM CHEMISTRY,
2012 5 20 -25 ,

’ 92 ’
2012 3 25 -28

J. Ohshita, Synthesis of Di-
thienometalloles as New Conjugated
Materials, The 7th International
Symposium on Integrated Synthesis
, , 2011 10 9 -10
’ 60 ’
2011 9 28 -30 ,
Tt
, 60
, 2011 9 28 -30,
, 58
, 2011 9 8 -10 ,
J. Ohshita, Synthesis and App-

lications of Dithienometalloles, The
6th Japan-Taiwan Bilateral Symposium
on Architecture of Functional Organic
Molecules , 2011 8 17
-20 ,
J. Ohshita, Synthesis, Optical Pro-
perties, and Functionalities of
Dithienometalloles, The 14th Asian
Chemical Congress , 2011
8 3 -5 ,
J. Ohshita, Synthesis and Function-
alities of Dithienosiloles and
Related Compounds, 27th Workshop on
Silicon Chemistry , 2011
5 27 -28 , Wonju

http://home.hiroshima-u.ac.jp/orgmtrls/
Ohshita_Group/Ohshita_Group-Home.html

o



OHSHITA JOJI

90201376

®
Ooyama Yousuke
60403581
Mizumo Tomonobu
90436676

®

Harima Yutaka
20156524
Kunugi Yoshihito

90243518



