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Organosilicon polymers that bear an alternating arrangement of an organosilicon unit
and a w—electron system, such as pyrene and oligothiophene, were hybridized with carbon
nanotube was performed to form hybrid materials that were characterized spectroscopic
analyses, including NIR spectroscopy. The hybrids with Si—-Si bonds were successfully
attached to the surface of titanium oxide and the applications of the hybrid-attached
titanium oxide were demonstrated.

AT R TERA
(AL« 1)
RS [l E 2 N

2010 4FHE 1, 400, 000 0 1, 400, 000
2011 4F 900, 000 270, 000 1, 170, 000
2012 4FHE 800, 000 240, 000 1, 040, 000

R

R
&t 3, 100, 000 510, 000 3,610, 000

W08 - b

BFE OLF - MH - MEHES: - AR T

XF—U—R ATV SMEL T/ Fa—7, G AHFZR) ~—, AEETT AR
AR

1. WFZERIA S DT = PR SNT WD, R, EREMEO AR« &
AR — NS 7Y v FHEHT. ThZh FRL=y b OB B~ O EAL I3 L
DEFEZEAHNIEN LML E LT, A WETMEBIA~ORBANFIRETH D72, Bk



BRI TWb, —F, =Rt /) Fa—
7ﬁ\%bw%%ﬁﬂkbfﬁaéﬂfw
N, 20T AEOKRENG, BENRME
BEZ 100%3 & 4 Z L%, HEETH 5,
ﬁﬁm\:hifﬁ%74$ﬁvv~®é
ik & BEREICEE T DR 24T > CTE 23, &l
TiO: B AT —A4 Y 37‘%‘71/5&
ARV~ —OEKIZIR L TN R T 2
»(FR) . = b5 —FYIaFF7
= U RERY ~— DR EMET 5 & B
KR ~—%2EHENLTEDHZ L& R
L7z (J. Ohshita, ftfi 744, Chem. Lett., 37,
316—317 (2008)72 &) , BT, 2D LD
WL THE LR Y ~— (& L7z TiO: Eii
D TR KGEMICSHTE 2 L6
LONZ LT, AREFFRIE, b O % Rz
%Jr@éﬂf:%@f‘d%éo

2. WFFEOHBY
RFFEIL, LEOMRAEZREIZ, h—RF
) Fa—TEERTILAEMK BN T
v ROBHRARIEICET 252 LR
I~ T 9,

MBI ER LA FERY ~—Z2FH LT,

H—RoF ) Fa—TwEEErETF R
=v h& & HITEEBILMSOT T AT v
FERFHEICETELL, A7V v RET 5
R EORESNT

Si

. |
S .
VA
0 o
Hik

s LA 7Yy RMEEFIHL T —AR
F ) Fa—T R EICRAER IS T
EDOBR%
s BRI TV RMEIDL LD A FRY <
—DBREICED, =R F ) Fa2—TD
#%%WL TF U CHEERELT A Hlr o B
BolonAa 7Yy REPEIO FHEE 73 B
A@fﬁ

3. WHEDTTIA
E@E%%éWTét AR
/kﬁ)c]: 9 *ﬁﬂ‘f%:@y)é & k I/fu.o

. 751‘%%”74?*?““‘ Vw—bth—RoF /) Fa—
TDONAT Y w KOG RIEDREST

« BRANA T v ROMEEER LY. KEEEE A
BT AT v I FREA~DEELIEDMEST
cFOR BlICEmER LT —R T ) T a—
7 DYERK
HARCEEL LB A FER)~—L D
—RF ) Fa—=TDNNAT VU w KmHD
RV ~—DREOKT

C ERCHONI A T Y KO8
HERE DR

4. WFFERE

TP, AT AERY) ~—L LT, TR
TEORFTYVAF AT 20BN F
SR L ETAFE A RREEORY K
LS 2R >R ~—%2 G L, BHEgh—=R
vF ) Fa—7 (SWNT) DA T Y v R
R & et L7-, SWNT f#/E F T, RV ~—
BRRIEEIT I D, R ~—% B Lz,
SWNT & R—/L IV TRE L7=DbH | Al
THIHT % Z &2k - T, AR /s
RY~——SWNT O A7V REESDZ
LEINTE T,

Bu B Rl '?
Sli—SIi
R? R?

DS5T DSPB (R = R? = Bu)
DSPP (R! = Ph, R? = Me)

iz, nE FHRELT, DAROYFT=
NRUSFTIOT S — )V EERR) v—&
vrrrirvedhroEHEELRR) v —%2 5
CEHE L. SWNT & DNt T RER—
I NERHNTER LT,

DS2TBt

PDMS-TPT (x =ca. 10)

AT YUy ROEREIE. SEM. NIR, L4
Mr7p & CHEER L7=, X 1 1%, PDMS-TAPAT &
PDMS-TPT @ NIR Z-XZ h/LOF|T, 1000 nm
AR DI KD FEEEEED SWNT 235
BINTWBZ ENgmnd, £-, #EAR
7 MVTIE, M T Yy M7 EicL -



T, RN ~—HROEAETFIEEMET LT
B, R L7=R Y ~ =SB EE T
% SWNT (=X —F LB FBEINE D
STZERLTNS, BELL, SINT (2R
U~ —0 n BRI BOKHY 7248 BAE H
Lo TEEZOWNT ALY v F{EL, SWNT
[FEOMHAEEMEZHET L L L bIT, AR
BCRRIZ 2o TW D EEBE 2 BILD, A—Ib
INEHWEBEOAMINEEZR 1 ITRT, Z
NEDONAT Uy RO I HEOWL DniE, #E
EHDRRNTZD, ATV RIERE — R
M - BLE T D & PR Lo T

o7 T

[BR=A |

PDMS-TAPAT-SWNT-5C
os +

ABS

o4 +

03 ==

PDMS-TPT-SWNT-5C
0z +

500 1000 1500
Wavelength/ nm

1 PDMS-TAPAT & PDMS-TPT % 5wt% @ SWNT
LIRETIHZLETELONIEAAAMT Y vy RO
TRV AHONIR A7 h L

BT, ATV v ROBEEERL S ~D
EEICHOWTHRT LTz, 71 F— 7 A Fil
GEEteNA 7Yy RMEIOZ aaiiL s
Wz, b2 U IRAERE L, 400 nm 2Lk
DWPEDOKERHT DN, rA1FEF—-—TEFL
COREERH DRI v —iF, BIE (400)
\Zk o T, B bF & o BICHER - BEfb T
7=

#F1 RIU=——SINT ATV v ROEH

polymer  SWNT hybrid

amt/mg  /wt%*® (yield/mg) ©

26 5 DSPB-5C (21)
25 10 DSPB-10C (14)
26 5 DS5T-5C (17)

25 5 DS2TBt-5C (-)°
25 5 PDMS-TAPAT-5C (24)
25 7 PDMS-TAPAT-7C (25)
25 10 PDMS-TAPAT-10C (23)
25 5 PDMS-TPT-5C (20)
25 7 PDMS-TPT-7C (25)
25 10 PDMS-TPT-10C (25)

*Wt% of SWNT based on polymer weight.
®SWNT: 0.7-1.3 nm¢. °Yield was determined

by evaporation of a portion of the hybrid solution.

dYield not determined.

AT Y RiZ, PVA 7 4L B2 X
M X > THEHELTE 72, X 2 [ RT X DI,
AT YU K (DS5T-5C) TIERAR L7~ PVA 7
S NBE, ATV REEDEBEZRL,
NIR 27 kv (X 3) TH, SINT kD
— 7 W LT, L2, NIR o — 27 %3k
FACERE MK . BEE LIRS O LT
L7,

BeaEfE D= DIC, ZDO AT v R—E
fifi PVA 7 4 W AEIE M LT2 L 2 A, B)—DF%
E kol FEFE T, AU ~—% 1 FEIIIEX
T LM TXT, NIR ORI/ E L BFk
RRIENTIZ T E 72 v o 7273, SWNT DEL[H A3 ZERK
IN=EEZTWA,

=
DSST-SUNT

2 DS5T-5C % Y& )i CEE(L L2 PVA 7 (L A
DEE, HEIINATY v NIcHERT 3

0.14

0.08 ' L '
800 1000 1200 1400 1600
Wavelength / nm

X3 DSHT-5C & Y/ )& CREE(L L7=PVA 7 4 L
LD NIR A7 v

NA T RESREN G, R ~—ZI5fiE
METHIZLZAME LT, FARORKET
TERL L 7oK ) ~—(&ffi — gk T ¥ > % BulF
AR T L2 2 A, R ~—NZEIF%ELE
SRR ETE D ey hotz, Bk,
A7V vy R={bF % . & DT PVAJEIC
LEH LTV FPETHD, YEFH RO
R ~—Z2_X—2L L7 SINT DA T
v i, 2o b DIzt~ T, BWHMEN S
WODOT, A a— MI LD PVA L TOHERE
FERK & SERIZ K A RLm &2 gt L7225, Ae
T — NEOE MR | IEMEL ARG T
o,

AR =——SINT ONNAT Vv RENXFE
VIS CHREE L LIk T &% v &2 W,
o F K EM (FTO/polymer—attached



Ti0,/T- Iy in AN/Pt) ZAER L. PEREZ G
fili U7z A & 2R 2 12”37, AR D& /L % SWNT
AHEETTER LR LD L 2R
FEEEDS, MR om BN R b7z, DS5T-5C
Z WA, Bem T 0. 39% D28 H45)
AR LA, ZiuX, DSAT Z W =H o
IZHART, 3.5 EEmnb DIz (1 4),
TR RIL, BIREE DM LT, SINT OF
U TSRO L B 2 T\ 5,

PLE, Bexld, AR A FAR Y ~—& SWNT
DA TV FABIZ & 2 A PEM B0 A Rk
WD L., Bt T % B I PVA O
IZZD OB 2R - BET 52 &ITh
Lz, BEEEORMIEH HITo72, S5
2o A7V R B4R - EEL LR
{bF & VENAFEHEEOKGEIZ IS T &
BT L SINT OERIC X > TEARERME
TEXLLGAERHLZEEHLNILE, I
SliX, =R F ) Fa—TE2 R
HoETEERMALEEZLND,

LS. ZOMREENL T, Fca—
H—R o F ) F o — T HEREME I o B FE A
FENTORIT TN E B 2, Bl &R TRt EIT-
TW5,

K2 EFWEKGEMA~DISH]

Method? PCE" / %

DST2Bt A 0.25
DST2Bt B 0.17
DST2Bt-5C A 0.20
DST2Bt-5C B 0.18
DS5T A 0.11
DS5T-5C A 0.39

=
=N

(=]

Current / mAcni?
wn

(=]

% A: Photochemical modification, B: thermal
modification. ® Power conversion efficiency

0.2
- 0.15
w

3 & 01

| 0.05

0

-350 -150 380 580 780
Voltage / mV Wavelength / nm

B4 DS5T-5C % A= /L DYEREEEAT, (42) J-V
#H—7. (4) IPCE A~ kL

5. ERFEERE
(WFFee . WRge oy Ha3E M ORI S22
=Y

UEsEams) BHath)
1. D. Tanaka, J. Ohshita, Y. Ooyama, T.
Mizumo, Y. Harima, Synthesis of

disilanylene polymers with
donor—acceptor—type 7 —conjugated
units and applications to
dye—sensitized solar cells, A

Organomet. Chem. 719 &, 2012 4,
pp30-35. i h

DOI:doi. org/10. 1016/ j. jorganchem. 20
12.08.019

Z. Lu, J. Ohshita, D. Tanaka, T. Mizumo,
Y. Fujita, Y. Kunugi, Preparation,
hybrid formation with single-walled
carbon nanotube, and film morphology
of pyrene—containing polysiloxanes,
Composite Interfaces, 19 %, 2012 4F,
pp573-581. HitH

DOI:10. 1080/15685543. 2012. 762866
KFEHR, 7AHFZ—FVIFFT7 =0
5 72 2 BERENE & o FAOB O B3 & MR
ik A7V v Nb, F» pU7—
IR Y ~—, 324, 20114, pp276-282
Hffm S, Al

J. Ohshita, D. Tanaka, J. Matsukawa,
T. Mizumo, H. Yoshida, Y. Ooyama, Y.
Harima, Hybridization of Carbon
Nanotubes with Si— © Polymers and
Attachment of Resulting Hybrids to
Ti0, Surface, Chem. Lett., 40, 2011
£, pp87-89. HitH
DOT:10.1246/c1. 2011. 87

(%] (10 4)

Daiki Tanaka, Joji Ohshita, Yousuke
Ooyama, Yutaka Harima, Synthesis of
New  Donor—Acceptor  Organosilicon
Polymers and Application to Dye
Sensitized Solar Cells, 4™ Asian
Silicon Symposium, 21-24 Oct 2012,
Tsukuba.

J. Ohshita, Formation of  Hybrid
Materials of Si—pi Alternate Polymers
with Carbon Nanotube and Their
Applications to Dye—Sensitized Solar
Cells, 17" Malaysian  Chemical
Congress (FAfFiff#) , 15-17 Oct 2012,
Kuala Lumpur, Malaysia.

Daiki  Tanaka, Junya  Matsukawa,
Tomonobu Mizumo, Yousuke Ooyama, Joji
Ohshita, Yutaka Harima, Solubiliz—
ation of Single Walled Carbon Nanotube
with Organosilicon Polymers and
Application to Dye Sensitized Solar
Cells, International Union of
Materials Research Societies — Inter—
national Conference of Electronic
Materials 2012, 23-28 Sep 2012,
Yokohama.

FI KA, KRR, RILEGIT, B 14,



IR UE, BHEFESC, MO, R—7
IR TR —EEH T OMBRAR T A
FRY ~v— DGR & ARG E~D
JGH, 55 60 [BElE 4y Fatime, 9 A 28-30
H 2011 4%, [(L.

5. J. Ohshita, Formation of Hybrid
Materials by the Reactions of Si—-=x
Alternate Polymers with Inorganic
Oxides, Pacifichem 2010 (BfFa )
19 Dec 2010, Waikiki, USA.

6. D. Tanaka, Junya Matsukawa, Tomonobu
Mizumo, Joji Ohshita, Yoshihito
Kunugi, Solubilization of Single
Walled Carbon Nanotube and Attachment
on Inorganic Oxide Surface
Pacifichem 2010, 19 Dec 2010, Waikiki
USA.

7. HACRE, I, KEFE, K THE
B, o—naRXAER)~v—ELHGEI—FR
T F 2 —T OEAA L R L) R
HA~OEE, % 14 B A e
VAT T A, 11 H 19 B 2010 4F, B[R

8. L. Ohshita, Preparation of
Organic-Inorganic Hybrids from Si—rx
Alternate Polymers, 3¢ Asian Silicon
Symposium ($AFF:#H) , 19 Oct 2010, #i
N, HE

9. KTHE, AT AHRZRY ~—DNKIE
WL DA 7y RMEIOGRE, & 59
BlS o Fatime (IR, 9 A 16 H
2010 &, FLigE

10. Daiki  Tanaka, Junya  Matsukawa,
Tomonobu  Mizumo, Joji  Ohshita,
Yoshihito Kunugi, Solubilization of
Single Walled Carbon Nanotube and
Aattachment on  Inorganic  Oxide
Surface, International Conference on
Science and Technology of Synthetic
Metals 2010, 7 July 2010, Kyoto

(& Dfth)

R—BR— A
http://home. hiroshima—u. ac. jp/orgmtrls/
Ohshita_Group/Ohshita_Group—Home. html

6. WFIEhER

(D) WFFe RS

KT ¥4 (OHSHITA JOJI)
TSRS « RSB T4 FERE - 2%
oEE & B 90291376

(2) WFFE53 14

(3) HHEEMF I E

hJ) A (KUNUGI YOSHIHITO)
RIERT - LER - B
WFgeE 25 1 90243518



