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This project clarified the physical properties of it figuration systenm,
which is aggregation of 1 figuration molecules, and tried to investigate new physical phenomenon
and new functional devices. We investigated many molecules and succeeded in (i) the development of
new chemical doping method, (ii) the fabrication of highly functionalized electric double layer
transistors, (iii) the fabrication of highly functionalized light-emitting electrochemical cells,
(iv) the fabrication of mechanical flexible devices, and (v) strain induced phase transition.



% X C—-19, F-19—-1, Z2—19, CK—19 (3tm)

TFZEBR AR S F DY 5

I{Z!K%ff!i%@il/ﬂ fra=r7 22BITA7 L —7 Z)v—%, FWE L 2=—77 HIEFE -
FIEEICL VB EREISNTE T, 2F 0, FESICE S WERR L F#EE 5| & 33
ETIENEERE /20, SHETORBEEZEG L CE, LLARns, BEICHES S =HllE s
WHIMBORT o Y VEALNITEDOHRTHY . A ) _N— g NIORNDHHEREL 5| &
H3# 2 2 ETE - FAEEPBO TEETH D EMAERBEIZIB AT, D78 2004
FEE Y 10 FEMIChl> T, n ETFMEINE T 28 E DO EZ TR T X BRa 7
FLWETERICHER L, Z2< OEE ST, BRI, MmE RN T2 - BT
VORAE cEBR_BERE NI VAL FHME N T VR E - flfEE T YR F I EOFES
FT- 2RI TYERL L . SR DB FHERET 1T Tld7e < BRI -OREMR O R P 2386 A 725
Bi% - Fiikne %%#5@%# ST, —FH T, HARENOMBHG BENMXSEICRE L, i
KR DETHEEEIHEED X A F I X AHIHZ G S [ &R 234 S5 TN
STz, WMRAFENHMRZERE L CEX T ELEZEANT D ME - fEESR 1%, B e &%
DA T IXLEME SETH TR AREEEZFFOZETTHY, N7 UV AXEE~OE L 72
FEIME (R Z PICEMS - 6 - B ENNARETH D, FD=H, MEBIROREE LG
EEMB OSERFA 2l L L CHARDOELHTRA /) X—v a v OAINZ SR L, 7%
L7,

2. WMFEDOBEB

ARFZEIX, AL - A2 BEIZ L 0 Al - B SIN T n B TOEMRK (2B AT L) ©
X U TARE - S - R - BEPOEE R SN L, ZOREE L — XL T AHES - HTiKEE
OB & ottt TOBRBEEZHIE Lz, L0 BERMICiX, 2 E CICefREE N SR
LCXTMEA R b T2 % (B T P AZ < BT PAF cBR_EBE T Y
2L BRALF RN T VAL cERALTFIRN L W ST VR Z - fiffEE N T U R H)
DIFEHRL - %ﬁ%@bfﬁt&%ﬁ%@%ﬁoto%K\i%ﬁ'@%ﬁF3V?X&@£&®
BANAETHY ., BHEOEBETHIE (Intrinsic— #RE) 7P T3, BT LEED X
AT IALEE SETBHERE (Elastic— n #§5E) DOIRKRZ1T o7, BAAIIZITE e/ 52
(B RN ERY - 6 - B IC X HHEE (Dynamic— = #E6E) AIHIC HFKEL L 7=,

3. Wik

AWFICIIMFTRARER DNV A « Bl &2 S8 U C & 7o ae s T1ERL - SPE 2. A01 - A02 BE
WX VANE - £ SNz EE VAT A LEAG L, BIEHE N T — LT 2872 7emED

FER] CHRER L7z, AMZER T A0 OMIKER - LT, LFD 4 SRV HAT,

(D) Fv VU7 =8 - o - 2 - BER - B0 FrME DR

(2) Intrinsic—r #RE : K FEFERENESE T OIERL & FFAM

(3) Elastic-nHEHE : BAHZEAT DM N T PR X « lifghh: v 7 o A & OVERLE FHE

(4) Dynamic— 7 #&8E : S FEMEEMER T 0 (EREFOITERY - X -2V 2R8I
25

4. WFEECE

(1) Fx U 7zE - - B - BEA - B R O iR B

K% 70 n &S T OEAGEEZ O THERBENZ2X v U TRE - of - 24 - B - BB R O fif
HEITo7, B2, BED (02 BE) RNARLIEFRUREZER L n &S 708 —/ R—X
Vb&bf@ﬂk%ﬁ%ﬁbf%é EERH L, AMEHZ, =R F ) Fa—T - TF
T BRERXA N AT A REEREICEH L TCREREIZLVF— L = & LT
BRET D, Ao T O Z W20 T IR OWAB SR TRt TR E 72 % v U 7 BNEAS
U, R=7&n7xx U 7IERA - IRE - B L TEN-MEZET 22 b RHLTE
D, L OIFEIER L O%FFEREIZE > TV 5 (Appl. Phys. Express 2017, Jpn. J. Appl.
Phys. 2018, npj 2D Materials and Applications 2019),

j\m cu‘r 0.6 eDIPS-CNT 2.
y . 12 Dupr.-d el Doped P e
S g Rs=1120sq ,-{ g Rys3t.i0sq " T In Nptiied glove b
Mes.8 E - Eo4 L |
2038 1% R t
£o4 /;"'""" Eoof o~ or
3 v Rd-usnm. a e oristing .l
r ._....--' ol | Ry=4BB0Isq
0 10 20 30 40 10 20 30 40 )
(CFB) Voltage [mV] Voltage [mV] Time &

K1 () RuerEgAllni&Rn+ (BRE) h—ARrF ) Fa—70EnEl
() wse2 HEROIEIZE (F) 777 = oAk
(2) Intrinsic—m f%RE : & FEMEREMESRF DO ERL & 3

ez 70w &5 F OEARZ MO THATERENE SR T2 /B - 3/l L7z, BARIICIE, @H o
MOS B T D ALITINA T, EREEZMVCER EE N T VAL - ﬁkk%%7//2



2 EERIUTZ, Nz C, BEEZHWERERZ - THIELXIEFR AL, A SEER
EEICPEE L BR _EE RS A A — RORE - EFiRlcksh Lz, X BRIz, AE
R E MR D ERBESERICIE W TE v U 7EHIENC L 2 BEEESBICREI LT D (Nature
Communications 2016, Science Advances 2019 ), F7-. FE&x &S FME% AW TESRILS
NI UV REEERIL, BEBERY Y U T & R—E U 7 Mo E L EIC 52 D
SN Lto%@F% &JE - MEREEEBECT v FORXTHH SN D X ) R EVELHss
MaEES & LMD TEIBI Lz, X T, AHEREL R MR 2 W= EX EER
WA F— FOFEZ - EFFTRKII L= (Adv. Mater. 2017, Adv. Mater. 2018 72 &), Hriz
EERALFRA B MBI A 72 &0 1 &2 W 2 R ERSCHE T 0 EikA mm%%b\
7w7vtb%(m1ﬂ)mAmLKT/b)v—%%wt%%m%%%?w%awtg%&
FIADOREL, FFRO L —F —RIRICBIT 2 WAL 72 2 KEIREEOERH, RS+ E
A LTeEBRALFRA D ONEIE L — P — 3 IRCHIESR T — N & KK L2 edifb S -7
TR 8L O ENE LN (Adv. Mater. 2017, Chem. Mater. 2017, Mater. Chem.
Front. 2018, Jpn. J. Appl. Phys. 2018, Organic Electronics 2019),

; AFM imgge

M2 () FEILEF (A KREREEZOEI (F) LRGHEOTA

(3) Elastic-nHERE : BEAZEAT DML N T PR X « gk v 7 o VA &% OVERLE -
kR % 72w o DA E VT ek - @W@

EARTHFERFOEREFMEIT o 70, BARAIC 5 ’
g EH W CER _EE N T VAL - %’f\ﬂi%]\? "r\\, ) /
LURS - BRICER R - R BRI A T ( "£r

— N & LM 2 B9 2 R ETIERL, 20 |
ENEZ MRS L7z, HFIT. ARBER L FRIXN 2 BB HE)

o RSO T B A EHZ 38 CTH R 72 2 1B Eh 23 At S A, l
Tﬁ’ﬂ?%@ﬂtm@ﬁ T, ERIZ L DM
HE O RREMENS RN Z & T, KRR ITRIETH D S - petl ] -3
Dynamic— m BSBERR DA & 7p o 72, B3 FREERICERLERT

(4) Dynamic—n HHE : &FE b 7 P A X DI (BEHZEHLNT < B AW TZEN
A

k& 70 n i T OEEERE O TERMEZ2 A9 2 ik EIcEMRE L HWER _EHE N7

VURE EBRLFE ST U RAL - EBRAGER L - ER EE%%&%%—%@&%W%

L., EBADPYNEICE 2 2 82 B MERIBENC R U, RFic, ARBEIR L M3 5 B fr

BEhsh IR wffﬁk%@E%ﬁwt%%97F~Eyﬁ®ﬁ#ébﬁmibéﬁ-%ﬁ%

R OBIHNZRRE) LT,

TR ey s (b) 4000F ' ———
PEN film CTE 20 ppm K

A ARIE & O T Frregy, VTZSV

BACE AT 570 & R dectronyte R e S

72 72 R FIE DO BRIC € 2000} e |
; s A B i Ve=-1V

%)Ekyj LTRBY 5% 2 1000 _Metc’f‘l" -3;9TCR G

ﬁﬁk%%%ﬂ%& L T 4 posu'ﬂ' )

: P = Ext. Strain 0.9 %
Dynamic- r 4% 0 HER strain holder T T R )
WAREL 7o Tz, Temperature (K)

5. Ll ors M4 FTEHREEEEXY VT R—E U7k 588 - fgikiag

Udeatams) (B 44 141)

@O Formation of environmentally stable hole—doped graphene films with instantaneous
and high—density carrier doping via a boron—based oxidant, K. Kanahashi, N. Tanaka,
Y. Shoji, M. Maruyama, I. Jeon, K. Kawahara, M. Ishihara, M. Hasegawa, H. Ohta, H.
Ago, Y. Matsuo, S. Okada, T. Fukushima, T. Takenobu, npj 2D Materials and Applications,
3 (7), 2019, 10.1038/s41699-019-0090-x FLamcfl

@ Indenofluorene-based—copolymers: Influence of electron-deficient benzothiadiazole
(BT) and benzooxadiazole (BO) moieties on light emitting devices, T. T. Do, K. Matsuki,
T. Sakanoue, F.-L. Wong, S. Manzhos, C.-S. Lee, J. Bell, T. Takenobu, P. Sonar, Organic
Electronics, 70, pp.14-24, 2019, 10.1016/j.orgel. 2019. 03. 050 A FHE



® Two—dimensional ground-state mapping of a Mott—-Hubbard system in a flexible
field—effect device, Y. Kawasugi, K. Seki, S. Tajima, J. Pu, T. Takenobu, S. Yunoki,
H. M. Yamamoto, R. Kato, Science Advances, 5, eaav7282, 2019, 10.1126/sciadv. aav7282
i

@ Monolayer Transition Metal Dichalcogenides as Light Sources, J. Pu, T. Takenobu,
Adv. Matter., 30, 1707627, 2018, 10.1002/adma.201707627 #&t

® Self - Aligned and Scalable Growth of Monolayer WSe,-MoS, Lateral Heterojunctions,
M. -Y. Li, J. Pu, J. - K. Huang, Y. Miyauchi, K. Matsuda, T. Takenobu, L. - J. Li,
Advanced functional materials, 28, 1706860, 2018, 10.1002/adfm. 201706860 At

® High Current Injection into Dynamic p-n Homojunction in Polymer Light-Emitting
Electrochemical Cells, T. Sakanoue, J. Li, H. Tanaka, R. Tto, S. Ono, S. Kuroda, T.
Takenobu, Adv. Matter., 29, 1606392, 2017, 10.1002/adma.201606392 #F¢i

@ A versatile and simple approach to generate light emission in semiconductors
mediated by electric double layers, J. Pu, T. Fujimoto, Y. Ohasi, S. Kimura, C.
-H. Chen, L. -J. Li, T. Sakanoue, T. Takenobu, Adv. Matter., 29, 1606918, 2017,
10. 1002/adma. 201606918 #AFH A

An Tonic Liquid That Dissolves Semiconducting Polymers: A Promising Electrolyte for
Bright, Efficient, and Stable Light-Emitting Electrochemical Cells, T. Sakanoue, F.
Yonekawa, K. Albrecht, K. Yamamoto, T. Takenobu, Chem. Mater., 29, 6122-6129, 2017,
10. 1021/acs. chemmater. 7b02128 A Fi A

©® Highly air- and moisture-stable hole—-doped carbon nanotube films achieved using
boron—based oxidant, K. Funahashi, N. Tanaka, Y. Shoji, N. Imazu, K. Nakayama, K.
Kanahashi, H. Shirae, S. Noda, H. Ohta, T. Fukushima, T. Takenobu, Applied Physics
Express, 10(3), 35101, 2017, 10.7567/APEX. 10.035101 A FAH

Electron—hole doping asymmetry of Fermi surface reconstructed in a simple Mott
insulator, Y. Kawasugi, K. Seki, Y. Edagawa, Y. Sato, J. Pu, T. Takenobu, S. Yunoki,
H. M. Yamamoto, R. Kato, Nature Communications, 7, 12356, 2016, 10.1038/ncomms12356
A

¥R (G213 1)

(D Functional devices based on electrochemically doped polymer films, Taishi Takenobu,
IPOMY, 2019 (R - SEaHGEE)

@ Functional devices based on electrochemically doped polymer films, Taishi Takenobu,
2018 MRS Spring Meeting & Exhibit, 2018 (EFE=E - )

@ ¥x V7 R—E U7X HHERERE, MIEKE, 777 Bbr 77 2GRV VRY
v A, 2018 ([ENEE - HLaREE)

@ Extremely High Current Density in Organic Polymer Light-Emitting Devices, Taishi
Takenobu, EPTS ’17, 2017 ([EIBS<xi - A48

® Thermoelectric Energy Conversion Optimized by Electrolyte Gating, Taishi Takenobu,
231st ECS MEETING, 2017 (EFEaiE - RFERE)

® Ton-driven light—emitting devices, Taishi Takenobu, FET Workshop, 2016 (EE<i%
s )

(@ Novel Functional devices of nano—materials, Taishi Takenobu, ICAE 2015, 2015 (JE[EE
i - R

Extremely high current density in organic light—emitting devices, Taishi Takenobu,
EMRS2015, 2015 ([EIBELxEE - #RRFR6 )

© Ton-driven organic and TMDC devices, Taishi Takenobu, FET2014, 2014 (EFE=E -
FFRfETH)

Organic light—-emitting transistor, Taishi Takenobu, IFSOE2014, 2014 ([EFR=i -
FFRfETH)

(PEZE R PEME]
Ok Gt 2 )

HFR BREH—R T Fa—T GBS L0 OREE T, I ONC HER KO U 2
JE 71— I ) F 2= T EATRLRRA O Wi 5

RAE @R FMOET RS, MHE KK, A ERL KO
HERI# « ENLREBEARTRRE, AARE A Rt

TSR« R

o5 FFRTIE 2018-500167

HIRRAE. © PR 2 9 4R

EWNS OB : [EN

ot



AW BRALTIOLE L, ERILFRNE AL OFRNBIEAHMAY ., K OESKIETRE LD
RN A A LAY

T ORI UK, Wb En, PIEE KA

FEFIZE « B AR b LM S, FREANRR KT

FEEE - REEF

F5 . REEFRE 2016-512134

HIFEAE « PRk 2 74

EWsOR] . EN

(& i)
TR L= Dl
http://www. qtum. ap. pse. nagoya—u. ac. jp/index. html

6. HFIERLR

(1) WF7eh 17
MR HFERA - R 7
o —<FK4 : 1T0, Hiroshi

ot IE R4 - HR ABE
o —~FK4 : TANAKA, Hisaaki

el ERL L
o —<FK4 : PU, Jiang

KB C X D058, FEE D BAR L FEICBWTEET 2 b0 T, £07D, HHIFEDEMRONIIER D AFKEFIC
SWTIE, EOEFEFICES bO TR TONZERRICHT 2 RAELHEEL, MHEEEACmE S ET,



