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Development of thin films with pn heterojunctions using photo and thermal

responsive behavior
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Mixtures of water-soluble polythiophene, fullerene nanoparticle, and

single-walled carbon nanotubes (SWCNTs) in water formed self-assembled ternary nanocomposite with pn
heterojunctions. A solution-processed nanocomposite film showed photoelectric energy conversion
upon air mass 1.5 simulated solar illumination.

Thermally cleavable polythiophene derivatives were synthesized for dispersion of SWCNTs in
solvents. A solution-processed polythiophene/SWCNTs nanocomposite film exhibited solid-state thermal
cleavage of a solubilizing group, producing an insoluble composite film. A substrate-free
thermoelectric composite film was fabricated by simple solvent evaporation.



¥ X C—19,. F—-19—1, 7Z—19, CK—19 ()

1. WML PO 5

BRCEERIZ L DT A, K5EM, A% EL, N7 VAXEOT XL
AR ICEBEREERINTH D, R, vy e RICLb~Ta#EZEoERE, 7 v
Fv R ha=2 R IWEOBEL > TWD, ZHETIZ, HRNCLA~TFa % —
RN EI L TWD L0, EEEORFIC L D30 — 2 ORHENRBE L 7> TN D, RE—
DIEHEZ M, POfERFIETC~T B2 ENT 5, vy N e AHRPFFE ST
W5,

2. MFEOHK

AWFFECTIE, NAEBERY ~—D3, UG Lt vy v ek 2AElAAbE, TN
ONRENCAT a S E R T 5 FIEEZRET 5, BELERY ~—0), BEHIRE %5 H
L, IR 7 4 VAWM T D, vy v R D~T e#EEOEBE, i,
B7p EOINGIIRT D L X WREE A SRR D,

3. WD IE

WEZITEUH L USETARY F47 = VFEREAHR LTZ, R ~—DBWME 2 R2EE
R, BEROSIT-EEOWE LY, FHME L, £72, RV ~—0DEF, BRI
KEFNHBIFONER, YA Z V7 RAF AN — L OREER LT, 7 = A MR EVLIAI
ELY, ~TuESREICBT A NHE v ) T RAE, BRAEH M, Yoy N uk
AN L o TRIE L= T OB, BB BRE 2 5T L7,

4. FFZERE

Bl —AR T ) Fa—7 (SWONT) OKFFEMAFERER n BT T — VL ) ki % BnTE
L7z, 77—V F 2R, p BUKIRERY F47 2 L ORIT, BEMIZ pn ~NT 045 %
B Uiz, £72, RUF AT =2/T7TF7—LF JRiA/SWONT bbb =)/ ar Ry b
DK HOR 2 TR L 72381728, PRI I K D A HEEZ R LTz Gasl®),
SWCNT 1%, =AM, MR E2 68925 — R/ I—RTHDH, LML, SWCNT D
KHENIBOKIED =8, KPP TliEblicibEkd b, 77— (PCaBM) F /7 Kif (EA£E: 30 nm)
ORI E SWONT Z RN S, SR Z i &, F ki1 SWONT Fm LGS
AT L, SWONT DAk F 58 E R Lz (K 18), = OS8R ~KIEMER Y F47 = > (WSPT)
Mz 5HE, KPTHRBWMIZ pn ~TREEEZEKT S =0T/ a v Ry y held Z &N,
FHEAE T MR L VL o7 (K 1B), ZOF 2 arvRYy hOFy U TIRE, G
ERHEZ 7 = A NRREPEVINHNE X 0 M L7, HE 400 nm OYET, RY FA T = o E bk
T5E, FiEFiE pn ~T oA RmICBNT 250 7= A MBLINIZRAEL, X+ ) 7BE),
AN 530 EapTh L, K LEEMR (FyrxE: 5 I7ny) ~F/arviy
v KOS A v A N LTEET (BEE: 630 nm) Z{ERIL, B HRE AN LT-, &
TEEUREEYE (AML.5) ZRHNT 5 &, EEMN AR L7z, EEIXEE 1V OL X, 8.3nA
ThH-o7,

PUEOFREREX Y, IREDFZTTERMIC pn ~T B#EAEZIKRT 5T/ a0 RY y ho/ER
WCRRBh LTz, E£72, R, BREICEERKEAY, “ XV X—BHEFZERT L2 LN TX
7o 7V —rvUxTy bRV RACEDHEFERA~ORBAHGETE D,

Aqueous solution (A) (B)
PC¢BM
nanoparticles WSPT
— e ——
H,O H,0
Raw SWCNTs Aq ueous-di;persed WSPT/PCgBM/SWCNTs

SWCNTs ternary composite

Bundles of SWCNTs  Direct assembly of SWCNTs p/n Heterojunctions
using PC¢BM nanoparticles on SWCNTs

X 1 SWONT FIZTBRE LT-KEMR Y F47 2> (WSPT) /7 F— 1> (PCeBM) F 7 Rit-75 7
% p/n ~T S (A) PCaBM F /2 ki % V= SWONT K43k, (B) WSPT/PCeBM F / it
/SWCNTs =55/ a Ry v b

T K o TR A REET AR Y F4 7 = 5, SWONT OSEHKIE L CTHEET A = L %
W2 LT, 55472 SWONT ik Z vy, vy h et RI k- T, EE7 U —2 A H#H)
7 4V AOERNZ T Lz GRESCD, Front Cover (ZERA),

BISHIC B — AR — NANLE R A2 BT 5, R FA 7= Eamk Lz (X 24), BAER
IINTEEOATIE LV, R FA47 = 0%, BUREEZREH L7 rIVEEAL O BBLBER & % v 3 2



ERbhoTn, BBERTORY FA4 7 = 0%, SWONT O E L CHEBE L, SWONT oIk
HHFEAMICRET D, TOFME, THF, HDHWETH /) — )L T SWONT 2458952 LN T
X BonT-SOgkE R T T A e F L UElE—— | A, W AR ST S L,
E— =D, RYFA 7= /SWNT F/ a Ry b7 g VAN BEIENTTERK Lz (K
2B(1))e 2T 4 NLEMET D E, RN FHT = RGN O EFHEWBESOC A 4 T, Wit
WCRIBIR T ANV b ETpoT= (K 2B(11)), HONTER TV —F ) ar Ry b7 4 V0, B
EARUEZ R LTz, 25°C O L&, BVELEBORIE L 72 2HEREUE, 0.03 E@EWEZRL
77

VL EOFER I 0, AAERALOBBLEES T K o TR R~ & 25 A 9 25 R Y
~—DRRITEII LTz, Fz, SWONT & O#EAb L REZSIEZ B A G DY, 7V —XZ T
AT T AN ENERDHPIEZRR Uz, RERRIE, 7 U 7 OVEVEE A B O BRI
ThD,

(A) (B)
—d 2 2
iy si?‘)
/" T solubilizing &
Carbonate group 0 group (2}
0~ W s
~/ o
Soluble polymer/SWCNTs
B dispersed composite
S n

Polythiophene Soluble polymer CO;4¢Thermal cleavage

CO, Thermal cleavage

/_/ou
S 'n Insoluble polymer Insolﬁble polymer/SWCNTs

composite film

2 (A) BRBEYERY FF 7 = &2 H\W =, SWONT 48k & Rt U F4 7 = > /SWONT F-
JaryRYy N7 4V AOERL B) (1) AUT 77 0FdrxTF Loy — 0 — ORI
FIEZ X > TER U2, R 7 V=R Y ~—/SWCNT F/ 2Ry b7 v h (ii) BAEER
DT 4V ETy Bl O (A X 12 mm x 12 mm, BEE: 90 27 1))

MEFE R OBFE T, B LUVMEREMEM B O BIZS TS L=, BARRIZIE, KBRT CHEES
BINZTERRT %, RY FAT7 = F 2R OZEISE 7 v X v 7 28 GaxX®@), IEREEIZH
VNI R oM A— X —THET D, EREAETF A7 270 —7 GaX®, Supplementary
Journal Cover \ZERH), XEBRENV AL v F o B2 RT, 74+ hraI v 7 ha &%
RVU~<— GuXO, Front Cover |ZEEH) HTH D, £72, —BETY I L4 —F—DLERS
FHEALEY % BBEGE 96% TR ISOBRRICHKII LTz Gal®@, FEEMPEWHE 1 1),

5. ERRERImILE
(dERERmSC) (B 10 #4)

(@D Pan He, Satoshi Shimano, Krishnachary Salikolimi, Takashi Isoshima, Yohei Kakefuda,
Takao Mori, Yasujiro Taguchi, Yoshihiro Ito, and Masuki Kawamoto, Noncovalent
Modification of Single-Walled Carbon Nanotubes Using Thermally—Cleavable
Polythiophenes for Solution—Processed Thermoelectric Films. ACS Appl. Mater.
Interfaces 2019, 11, 4211-4218. (&#HA)

DOI: 10.1021/acsami. 8b14820

@ Krishnachary Salikolimi, Hideyuki Miyatake, Toshiro Aigaki, Masuki Kawamoto, and
Yoshihiro Ito, Thiophene-Conjugated Ligand Probe for Non-Enzymatic Turn-On
Electrochemical Protein Detection. Anal. Chem. 2018, 90, 11179-11182. (#FiH)
DOI: 10. 1021/acs. analchem. 8b03006

(3 Fathy Hassan, Takafumi Sassa, Takuji Hirose, Yoshihiro Ito, and Masuki Kawamoto,
Light-driven Molecular Switching of Atropisomeric Polymers Containing
Azo-binaphthyl Groups in the Side Chains. Polym. J., 2018, 50, 455-465. (#&iH)
DOI: 10.1038/s41428-018-0034-x

@ Fathy Hassan, Masuki Kawamoto, Krishnachary Salikolimi, Daisuke Hashizume, Takuji
Hirose, and Yoshihiro Ito, One—pot Heterocyclic Ring Closure of 1,1’ -Bi—2-naphthol
to 7THDibenzolc, glcarbazole. Tetrahedron Lett., 2018, 59, 99-102. (&FHFA)

DOI: 10.1016/j. tetlet. 2017. 11. 054

(® Masuki Kawamoto, Pan He, and Yoshihiro Ito, Green Processing of Carbon Nanomaterials.
Adv. Mater. 2017, 29, 1602423. (##FH)

DOI: 10.1002/adma. 201602423

6 ZhalLi, PanHe, Hui Chong, Akihiro Furube, Kazuhiko Seki, Hsiao—hua Yu, Keisuke Tajima,
Yoshihiro Ito, and Masuki Kawamoto, Direct Aqueous Dispersion of Carbon Nanotubes
Using Nanoparticle-Formed Fullerenes and Self-Assembled Formation of p/n
Heterojunctions with Polythiophene. ACS Omega 2017, 2, 1625-1632. (&&FHA)




DOI: 10.1021/acsomega. 7b00175

(@ Krishnachary Salikolimi, Masuki Kawamoto, Pan He, Toshiro Aigaki, and Yoshihiro Ito,
Polythiophene Nanoparticles that Display Reversible Multichromism in Aqueous Media.
Polym. J. 2017, 49, 429-437. (&#A)

DOT: 10.1038/pj. 2017. 5.

Hiroki Arazoe, Daigo Miyajima, Kouki Akaike, Fumito Araoka, Emiko Sato, Takaaki
Hikima, Masuki Kawamoto, and Takuzo Aida, An Autonomous Actuator Driven by
Fluctuations in Ambient Humidity. Nat. Mater. 2016, 15, 1084-1089. (&FHAH)
DOT: 10.1038/nmat4693

(© Zha Li, Tomoshi Kameda, Takashi Isoshima, Eiry Kobatake, Takeshi Tanaka, Yoshihiro
Ito, and Masuki Kawamoto, Solubilization of Single-Walled Carbon Nanotubes Using
a Peptide Aptamer in Water below the Critical Micelle Concentration. Langmuir, 2015,
31, 3482-3488. (&FHEH)

DOT: 10.1021/1a504777b

Seiichi Tada, Qingmin Zang, Wei Wang, Masuki Kawamoto, Mingzhe Liu, Michiru Iwashita,
Takanori Uzawa, Daisuke Kiga, Masayuki Yamamura, and Yoshihiro Ito, /Zn vitro
Selection of a Photoresponsive Peptide Aptamer to Glutathione-Immobilized
Microbeads. J. Biosci. Bioeng., 2015, 119, 137-139. (&#HA)

DOI: 10.1016/j. jbiosc. 2014. 06. 018

(Fa%E) Gr214h)

@D Hsiu-Pen Lin, Jun Akimoto, Yaw—Kuen Li, Yoshihiro Ito, and Masuki Kawamoto, Highly
Aqueous Dispersion of SWCNTs Using a Functional Redox Polymer for Electrochemical
Biosensors, #28mA T V= b« F MBI VAR T A (2019)

@ Hsiu-Pen Lin, Jun Akimoto, Yaw—Kuen Li, Yoshihiro Ito, and Masuki Kawamoto,
Amperometric Glucose Sensor Based on Aqueous—-dispersed Single-walled Carbon
Nanotubes Wrapped with a Redox Polymer, The sixth RIKEN-NCTU Symposium on Physical
And Chemical Science & CEMS international Workshop on Supramolecular Chemistry And
Functional Materials (2018)

® Hsiu-Pen Lin, Jun Akimoto, Yaw—Kuen Li, Yoshihiro Ito, and Masuki Kawamoto,
Amperometric Glucose Sensor Based on Aqueous—-dispersed Single-walled Carbon
Nanotubes Wrapped with a Redox Polymer, % 67 [A]E4FFERAKE (2018)

@ JIUARLEE, FREsEsE, DX AN — LD ENEREREORFE, nano tech 2018
BT/ 77 oav— RERE - HiksE (2018)

(® Fathy Hassan, Masuki Kawamoto, Krishnachary Salikolimi, Daisuke Hashizume, Takuji
Hirose, Yoshihiro Ito, One—pot Synthesis of 7H-dibenzolc, g]carbazole using
Heterocyclic Ring Closure of 1,1 -Bi—2-naphthol, CEMS International Symposium on
Supramolecular Chemistry and Functional Materials 2018 (2018)

6 Krishnachary Salikolimi, Hideyuki Miyatake, Yoshihiro Ito, and Masuki Kawamoto,
Development of electrochemical thiophene probes for quantitative detection of
proteins, % 66 [AIEDFitime (2017)

(@ Krishnachary Salikolimi, Masuki Kawamoto, Pan He, Toshiro Aigaki, Yoshihiro Ito,
Development of polythiophene nanoparticles showing reversible multi-chromic
response in aqueous media, 9th International Conference on Molecular Electronics
and Bioelectronics (2017)

Fathy Hassan, Takuji Hirose, Yoshihiro Ito, and Masuki Kawamoto, Development of
Azo-binaphthyl Polymers for Holographic Imaging, % 28 [BlIE4yFFf B HIXEREE
£ (2016)

© Masuki Kawamoto, Krishnachary Salikolimi, Pan He, Toshiro Aigaki, Yoshihiro Ito,
Reversible Multichromic Polythiophene Nanoparticles, 2016 International Workshop
on Supramolecular Chemistry & Functional Materials (2016)

Fathy Hassan, Takuji Hirose, Yoshihiro Ito, and Masuki Kawamoto, Development of
Azo—binaphthyl Polymers for Holographic Imaging, 2016 International Workshop on
Supramolecular Chemistry & Functional Materials (2016)

@) Fathy Hassan, Takuji. Hirose, Yoshihiro Ito, and Masuki Kawamoto, Photoresponsive
behavior of axially chiral azobenzene polymers, & 65 [EIE4Fatime (2016)

@ Krishnachary Salikolimi, Pan He, Toshiro Aigaki, Yoshihiro Ito, and Masuki Kawamoto,
Multi-Chromic Response of Polythiophene Nanoparticles in Aqueous Media, %8 65 [A]
EorFatimas (2016)

@ Pan He, Krishnachary Salikolimi, Takashi Isoshima, Yoshihiro Ito, and Masuki
Kawamoto, Synthesis and Characterization of Polythiophene Derivatives Containing
Thermocleavable and Solubilizing Groups, CEMS International Symposium on
Supramolecular Chemistry and Functional Materials 2016 (2016)

Krishnachary Salikolimi, Toshiro Aigaki, Yoshihiro Ito, and Masuki Kawamoto,




@

Multi-chromic Polymer Nanoparticles Composed of a Polythiophene Derivative in
Aqueous Media, CEMS International Symposium on Supramolecular Chemistry and
Functional Materials 2016 (2016)

MRS, 7/ ~T7 VT Ve ANz VX —FHEE, 5 11 B 05 ) v
AT T L (2016)

Masuki Kawamoto, Zha Li, Akihiro Furube, Kazuhiko Seki, Keisuke Tajima, and Yoshihiro
Ito, Self-assembled Polythiophene-Fullerene-Single-Walled Carbon Nanotube Ternary
Nanocomposites Showing pn Heterojunction, Pacifichem 2015 (2015)

Krishnachary Salikolimi, Pan He, Zha Li, Toshiro Aigaki, Yoshihiro Ito, and Masuki
Kawamoto, Multi-Chromic Polymer Nanoparticles Composed of a Polythiophene
Derivative in Aqueous Media, Pacifichem 2015 (2015)

JIARLE, N TA 7 = F RFOKFIZBIT 22507 v I XA, & 25 B HA MRS
FERRE (2015)

Pan He, Krishnachary Salikolimi, Zha Li, Takashi Isoshima, Yoshihiro Ito, and Masuki
Kawamoto, Thermocleavable Polythiophenes Containing Functional Leaving Groups, %
64 [HlE 50 Fatame (2015)

Zha Li, Tomoshi Kameda, Takashi Isoshima, Yoshihiro Ito, Masuki Kawamoto,
Development of Single-Walled Carbon Nanotube-Based Composites from an Aqueous
Solution Containing the Peptide Aptamer Below the Critical Micelle Concentration,
8th International Conference on Molecular Electronics and Bioelectronics (2015)
Krishnachary Salikolimi, Pan He, Zha Li, Toshiro Aigaki, Masuki Kawamoto, and
Yoshihiro Ito, Development of Self-assembled Nanoparticles Composed of a
Conjugated Polymer Showing Dual Chromic Response, Zf 64 [RIE4FAERKE (2015)

(K& G2 )

@

@

Masuki Kawamoto and Yoshihiro Ito, Photochemistry in Photochemistry for Biomedical
Applications, pp. 3-23, Springer—Nature (2018)

ISBN: 978-981-13-0152-0

Masuki Kawamoto, Takahisa Matsuda, and Yoshihiro Ito, Photochemical Processes of
Polymers in Photochemistry for Biomedical Applications, pp. 25-50, Springer—-Nature
(2018)

ISBN: 978-981-13-0152-0

(7 M PEHE)
O Gt 1)

LR IS — VERER KON T = = VR O BLE FIE ONCHTR B T = = VR
A IR, Hss

MERE - A b

FE¥E : FFRE

%5 2018-155252

HIFEA 2018

ENS DR [EHN

6.

W FEt

B

(1) Wh7es5 4

e

SERA

0 —<FRA

AT BT SeRk R4
RYSEZNN

kA
WHEEE S (847)

) Wzt 1
WHoEt 135 K4
0 —<FRA4

KB & 2WFFEIE, MFREFE OB L BRICBWTERT 25D TY, 2070, WIFED IR IERIR D AR
DNTE, EOEEEFEICES bO TR, £ ORI T 2 RAFLTIEL, PP ARE S ET,



