[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobbobbbuoooooobobobbbuooooobooobo

Molecular Design for Organic Conductors and Ambipolar Organic
Transistors

go:0o0o0oog,

oooooo:0o0o0ooag,

O000:0097610,

0000 D0:20150 30 2600,

ooooo:0oog,
oooD:0obo, 00000 ,oobbo,0booog, 000
Degree:,

Conferring organization: Tokyo Institute of Technology,
Report number:[0 0 97610,

Conferred date:2015/3/26,

Degree Type:Course doctor,

Examiner:,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

(5 L3Fe)

Doctoral Program

i L

THESIS SUMMARY

B e N HREhr FUody) © it -

> A =", 2
Department of ﬁ&% rm1] %ﬁl:%ﬁ E & Academic Degree Requested Doctor of ( €L )
A, - FEEE (L) : "
Student’ s Name Ay AR Academic Advisor(main) w®RZ

AR () -

Academic Advisor(sub)

R (F13 2000 FRE)

Thesis Summary (approx.2000 Japanese Characters )

A& L TMolecular Design for Organic Conductors and Ambipolar Organic Transistors (AH/mEE L 7 oA R—F
FHNT A B LTWER) ) LEL, KXTEMINTEY ., TETHEKIN TS
% 1% [General Introduction] TIZAMGEK L A T o DAL ICHET AHEERICOVTERLTWS. A
REEOYMEPFERBECE FBEIC Lo TED LI ITREDLIDICOVWTHE L, BHEE - A— 58D T
BRI A R — T GG B O Bl OFFSEEN AN O W T L T, A TOMERFE O DR
AN DWW TH B LTV S,
% 2 & [Charge-Transfer Complex with Bulky Substituents] TIZHHREIRKIZ I T 52 S @ WEHREL OB A RITH
WCRIB LTS, T RIFFT7 7Ly (TTF) FERICE-TTFAEEZEAT L2 LICEY, AENT L oR%
WCBWTEMZEERM LT 25 W MEICESE, ZOR/NEMTH L MER TTF IC -7 FLEEZEA LT
R (t-Bu,TTF) ZA&m L, 7 737 /% /7 Y25 (TCNQ) & OEMBEHEIA-BU,TTF)(TCNQ) % /ERL L T
MR E LTHHMEL T 5. RIBOMREEIX 7S/em TH Y, EHHRICE L 4 [EEEHE DR 2 & »
TREEDN D, -7 F NI L > TRT OB T ARIZITA B AEAER 22V T—IR T O @ W E T4
WZH LML TWD. ZHRICEY T FIEEDSLRGNRIT & > THBIEOB S R v b U — 7 (Tl E 7R
P U A PIEEPREB S NI LR L TV 5.
%% 3 % [An Organic Metal Derived from a Selenium Analogue of Benzothienobenzothiophene ] TiZ B EKIZISIT 5
EHIN AT URBRIC R DB FICONVTRTFFL TV DE. ENLEGE N T VO RAZMEE LCEREEDTND
N FE )N FAT 2 (BTBT) Ok L EBRE, Ryl /Ryl 7= (BSBS) AL,
Z O ERBEEEE(BSBS),TaFs 23, =R T 1000 S/cm & W\ 5 @R m{migtt 2R~ L, | vy 70, A1 4 UE
@ﬁoK&%&LTQOKET%%éMt:&%%¢LTV% Fz, AV UBMEIED 50 K LUTF CHBRIZHEAD T
LD, MBMHIIAENIZ—EERETHDLIZ L ERBEL TN D.
%4%f&ww&mmmmMMmeWWWmB%Mmﬂth%DMmM&JT@¢ﬁ?7ﬁw%%“t$*W
FFHEEEIZOWTHIB L TS, BWEIREEEZRT—FH T, HEEREPRER 7O RN E D
NTCIRpolaTF A7 =2 VF 4L — FEIRIZER L, 472 ALUCATF VI L 2 F VA E A LI E R
W%AQL/OMS@n&Wﬁ%%@%ﬁ&ﬁ%&ﬁt BOEZME LTS, L F I EORBEEZH 60
—IRITEH T b b ON—T T 4V ROE Y MR E e D LR L TV D.
% 5 & [ Ambipolar Transistor Properties of 2,2'-Binaphthosemiquinones| Tid5> 7-PIZ K —¥r & 7 7 & 7 &2 — AL
FEbEb o7 hEIFX/» BNQ) IKHEBL, Z2OT NS R —F b T U VAZFEHERE LTS, &
WSk A2 2 7- 5 WO BNQ ZARk L, BRALFAIMIER DFT #5IC L D 2 DT R AF— L ~ULZ O THRE L
Tn5. BHREICLA/EMEEOEMIZOVTHIRL, ZOMHE N T VP RAXIZBN TR —LEEBETDNRT A
®&ﬂtﬁﬁ&7yﬂ4ﬁ~?%ﬁéﬁﬁbfwé.%¢$&T%%éﬂéFf~77ﬁf&~%%%%oﬂ%
T UNA R—=FRM AR T 2D, T oA R— TR A R T AR OE RN IOV TEELT
AYS)
%% 6 %= [ Ambipolar Organic Transistors Based on Dicyanomethylene Terthiophene] TIZ¥ v 7/ AF L H—F 47 =
¥ (DCMT) ZHWET VAL R—=FHE N T VP AZIZOWTHEREB LTV A, EHEORHBFELEH TH
L2787 RTarZy (CyuHy) THF— MUEEZWIRT 52 L2k > T, BE#fD 1000 (5482 5 &BEED T
YOS R TR (1o = 0.6 cmVs, u = 0.3 cm?Vs) & EBLL TV 5. AGIERHE & M IBEO M) 205 L& VWM
JEORFEY 217V, b7 D AZRHEORERFEORENS T v TIREBEE L RE L5 2 LI2L - T, HiK
NIV PR ELTEEDLO T T v T DLWV UAZRERCTE - EERLTND.




% 7% [General Conclusion] TIIAMETHOLNIZEREBIEL T 5.

INEETDHIZ, KRSUIH a7 MIESW S ESERAREEREZREL, BRI T A R—F Hi
NI UUAZMBERRET D Z LT Lo T, AEEEE - AHEEERO S TRREHIH LW A R 2 ST
HLTEY, THEERETZ2EZAVKEV. Lo THRmIFE L (T%) L LTHRMERS S LEBD LN
5.
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In this thesis, several organic conductors and semiconductors are prepared from the viewpoint of the
material design, and the structural and physical properties are investigated as a basic study concerning to
the organic molecules used in organic electronics.

In Chapter Il, the charge-transfer complex of t-butyl substituted tetrathiafulvalene (t-Bu,TTF) and
tetracyanoquinodimethane (TCNQ) is prepared. t-Bu,TTF shows strong electron donating ability and
high solubility. In (t-Bu,TTF)(TCNQ), each column is separated by the t-butyl groups to construct a
highly one-dimensional system. (t-Bu,TTF)(TCNQ) shows the partial charge transfer of 0.86 and
room-temperature conductivity of 7S cm™.

In Chapter Ill, the charge-transfer salt of benzoselenobenzoselenophene (BSBS), (BSBS),TaFs, is
investigated. (BSBS),TaFs is isostructural to the sulfur analogue, benzothienobenzothiophene (BTBT),
(BTBT),PFs. The resistance jump temperature is reduced to 90 K from 150 K, and the increase of the
low-temperature resistance is diminished, though the room-temperature conductivity is not as high as that
of the BTBT salt. The spin susceptibility shows a clear drop below 50 K, which indicates that the
low-temperature insulating state has essentially singlet nature.

In Chapter IV, neutral thiophene-dithiolate gold(IV) complexes with methyl [AuMe] and ethyl [AuEt]
groups are prepared. [AuMe] and [AUEt] show semiconducting behavior with a small activation energy.
[AUEt] exhibits large negative thermoelectric power of -900 ©V K at room temperature, so a highly
correlated system is expected. Because of the half-filled one-dimensional band, [AuEt] is regarded as a
Mott insulator.

In Chapter V, binaphthosemiquinone (BNQ) derivatives are proved to show ambipolar transistor
properties. These compounds have one-dimensional stacks, and the hole and electron mobilities are in the
order of 10° cm® V' s*.  The ambipolar properties are obviously associated with the small
HOMO-LUMO gaps and the characteristic blue colors. Such a property comes from the semiquinone
structure. The quinone parts work as an electron acceptor and the alkoxy groups act as an electron donor,
and these molecules contain donor and acceptor parts in a molecule.

In Chapter VI, dicyanomethylene terthiophene (DCMT) exhibits excellent ambipolar properties on
tetratetracontane (TTC). In principle, the key parameters, electron and hole threshold voltages (Vr and
V"), are estimated from four different ways. The temperature dependence of the transfer characteristics is
analyzed, and the result proves that the DCMT/TTC transistor has a comparatively small number of traps.

The present work demonstrates that molecular modification in organic conductors and semiconductors
is a versatile tool to control the structural and physical properties, and furthermore it is an important tool to
investigate the device physics in organic transistors. The present study is expected to contribute to
progress in molecular design in organic conductors and transistors.
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