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AFm 1% TOrganic Transistors Using Charge-Transfer Complexes (BB @SRz W - Ak T
ZE) | LEL, BEXTEINTED, 8ETHRINLTND,

%1% [General Introduction] TILEMBENGEIA L B N7 o VA X IZET AW ROV CREab
LTW5, ZHEREBAEMBEMEALE A N T VR Z DX ) THREN LD X HIZIE D DMTON
T L. AWFE TORZAREEMRMBESEABFE DS & T ORI OV THL NI L TWD,

%27 [ Ambipolar Transistors Based on Halogen-Substituted Tetraphenylpentacenes] TiL, /1 7 &
TR T 2= R B (4X4Ph i X=F, Cl, Br) ® h 7 v PRAZFEIZONWTCRIB LTS, 2
OWERETEAICR LA A ~v—2AZ v 7iiEZ HH, HOMO « LUMO L~V b [RIFRE TH D703,
4CIAPNIL T > /3 A R — F BUENE 2 7R3~ DI %) LAFAPh & ABraPhidpBlfstt D A% i Z L 25 L C
WhH, NUZECOGFIEIIR B VBRI LICHEZ S > TEY, HOMOLLUMOD 7 A7 7 —
B30 TR M OFTIITK LERDEAH TR T 5720, DT NRAY v JHEDBENNY A~
—WNEIEF A ~—MIZBIT HLUMOD kT > A 77—y &80 S, 4F4Ph & 4BraPh CnBlReiE A3
BRIEN ol EBLEL TS,

3% [Charge-Transfer Complexes of Benzothienobenzothiophene with Tetracyanoquinodimethane] T
R FT )RV FF 72 (BTBT) i3y /Xyl /722 (BSBS) & Kb —,
TORBWMT NT VT )X I)VAL U ET VT H — TR R E R E BB A
(BTBT)(F,TCNQ) (n=0. 2. 4) & (BSBS)(F2,TCNQ)IZ > W TElik L TWw %, (BTBT)(TCNQ).
(BTBT)(F-TCNQ). (BSBS)(F.TCNQ)IZ[FIE T % DIzt L(BTBT)(FsTCNQ) &l H iz 2 b8 A% &
DB, BRI AL » 7 IHEDDIODER LRI U THD Z L 2R L TS, ZIH OSSHADBEE S
T VAR FIEMBRKL E a2~ U, (BTBT)(F4aTCNQ) Tl KB EIE0.19 cm? V1 s 14 AL
LTW5b,

%47E TCharge-Transfer Complexes of Quaterthiophene with Tetracyanoquinodimethane] Tit ¥ —F 47
=Y @T) &7 4—4—F 47 =2 (4T) % FF—, FATICNQ%E T 7 &7 ¥ — W= X A B E
I EISEABT)(TCNQ) & (4T)(FRTCNQ) (n=0, 2. 4) 2OV TR L TW5, (AT)(TCNQ)D Hifk L K
T UV AZITENT, TCNQEEA TITHRD T LWIEALES AN ER SN2 2 & 2 3G LTW5, 4T
DHOMO & TCNQOLUMOD A Ukttt a & > 2 L TCRER NI A7 7 —RNZ R L, &HI24TD
HOMO-173HOMO & 72 5 /XU 7 4 H D L TEFD N T VA7 7 — ik Xy oA Lo Z &0
EAEREXEORETH D EBLELTNWD,

5% [Carrier Charge Polarity in Mixed-Stack Charge-Transfer Complexes] “Ci3A% 4 7242 A Jeg T & a7
BEGEEDOF ¥ U 7BIEICHOW T, D FHuEDORFMEDOHEANLZLR L TND, TRV TF /) TE
v ETCNQ L DEEARIZZ K MEBFIEDOHRZRTHR, ZHET7 B F =/ 78 OHOMOIZTCNQD
LUMO & [BEA8 T 2 ®EFRE 2~ 012kt L, HOMO-L1IL[A] Uit O X Bk & 7R 3772 0 8 - O K g &
LTHRET A7 ThLEHEL TS, Rb— - 77877 =DKW 2 W56
BFEILDBRESMHNTAL v 7 LTWDEEITIZZ OHANPE DL, T 23 R— T BR8]
HEnsdZ bR LTND, 7787 ¥ —OLUMONHLE TS < Ofiz b OGBS HHLE TH Y 1
ALOEHEEE & U CTITR LW, ZEREEMBESRDO X v U Tk Inf & 7 o3/ R—
FRIOFEFUCKIN S D & ffsm LT D,

#6%= [ Ambipolar Transistors Based on Charge-Transfer Complexes of Perylene Diimide] TiZ-~=VU L &
aunxrrE Rb— YvZunF XY LY Af IR (CyHex-PDI) 27 774 —L 1L, KF—
ET T N2 1OMEK E Y D BB E A E T B B 8 (K (Perylene)(CyHex-PDI), &
(Coronene)(CyHex-PDI) i DWW CEEIR L TW 5, XY L > dOHOMO + LUMO 23 CyHex-PDI®HOMO -
LUMO & ZERICH UstFtEx O L b, T b OFKILT 3 R—F Bk 3 & FRIL T
W%, (Perylene)(CyHex-PDI), & (Coronene)(CyHex-PDI), D Bifitfh b 7 o VA X [XEPRTT VA R—F
HUREEZ 7R L, (Coronene)(CyHex-PDI),dD FRXEFL « B BEIE L bICUHTREWZ EE2HEL T D,
L2y U, 20 DOSEROBA A AAEH & B @h & 13 BEH O (Perylene)(TCNQ) & (Coronene)(TCNQ) L 9 /)y




ENZEND, RERDTERERGTEMAGDEREALIV b, RERD T LSRG EMA
BB AR D F BN EMEIEREIIEN TS Z L Z2RB LTV 5D,

F7%E n-Channel Transistor Based on 1,5-Dibromo-2,6-Naphthoquinhydrone] TiZv 7 a®) 7 hF
t Fry (BINQH) @ KT vV AZEHEIZDOWTER L TWD, BINQHIZ, Y7 rEF 7 Mk K
¥/ (BINH) BRFF—, Y7rxFr7 &%/ (BINQ) N7 /w74 —L L TCidbL KAME
RIBEMBESER & 22+ 2 LN TE . BINHOHOMOZSBINQDLUMO & 5842/ Ut fitt 2 &> 2 &
MHBINQHILT v 3 R—FAllgk 2R 9 & FRIL TV D, EBITIEBINQHOD kT > ¥ 2 & [ Infl g
MO AR L, ZIIEBINHOHOMO &£ BINQOLUMO E DD b T v A7 7 —FfE4 75, BINQ®D
HOMO-1& DRID T v A7 7 —FESIC L > THF ¥ BV ENLEZENFENTHD EBERLTWD,

%85 [General Conclusion| TIIAMNIIE TR LN TRRZHIG L T D,

INEETHIC, ARS8 E R ABBEREMBGESHADOEMEE L b7 v VA2 Fitt 2 )
HL, N F— 77872 =05 FHuENR R AFEENEMBESEEROX v ) THEZREL TWD Z
LERTZEICE ST, TOBEREZWALNCT L LICRHILTEY, TZEEMT S L2508
KEV, Lo TAR@mLIFE L (T L LTHIRMERS S LFBD LD,

8% - WSCEEIE, 3L 2000 F2 & 5830 300 §E 4 LIRS ORI 50y, b L<IEBEIC 800 554 1L HfHRH L T< 21y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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In this thesis, various donor-acceptor (DA) complexes are prepared, and the crystal structures and
transistor properties are investigated. In order to extract the rule determining the carrier charge polarity of
the DA complexes and to design ambipolar complexes, the carrier charge polarity is analyzed from the
viewpoint of the molecular orbitals.

In Chapter IlI, we have investigated transistor properties of tetraphenylpentacene derivatives.
Halogen-substituted tetraphenylpentacenes (4X4Ph, X = F, Cl, and Br) have similar dimer-stack structures
with similar HOMO/LUMO levels. However, while 4CI4Ph shows ambipolar characteristics, 4F4Ph and
4Br4Ph show only p-type characteristics. The molecular orbital of pentacene has nodes on each benzene
ring, but the intermolecular overlap of HOMO and LUMO shows different periodicity with respect to the
molecular long-axis displacement. As a result, depending on the slight difference of the stacking
structures, intra- and interdimer LUMO transfer integrals are reduced in 4F4Ph and 4Br4Ph, in consistent
with the observed p-type properties.

In chapter I1l, crystal structures and transistor properties of (BTBT)(F,TCNQ) and (BSBS)(F2.TCNQ)
(BTBT: benzothienobenzothiophene, BSBS: benzoselenobenzoselenophene, and F,TCNQ: fluorinated
tetracyanoquinodimethanes, n = 0, 2, and 4) are investigated. These complexes make n-type transistors
with long-term air stability. All these complexes are regarded as practically neutral. (BTBT)(FsTCNQ)
shows the highest mobility of 0.19 cm? V-1 st (maximum).

In chapter IV, crystal structures and transistor properties of (3T)(TCNQ) and (4T)(FA.TCNQ) (3T:
terthiophene and 4T: quarterthiophene, n = 0, 2, and 4) are investigated. (4T)(TCNQ) shows a very rare
case showing hole-dominant transport among TCNQ complexes. This is because 4T HOMO and TCNQ
LUMO have the same stripe symmetries.

In chapter V, it is demonstrated that the symmetry of the molecular orbitals determines carrier charge
polarity for DA complexes. Transfers from the A LUMO to the D HOMO-1 are dominant due to the
orbital symmetry. This rule applies to many acenes, phenes, and thienoacenes; electron transport is
generally expected in the TCNQ complexes of these donors.  However, this rule is violated by the reduced
symmetry due to the largely tilted molecular packing or by the use of low symmetry molecules such as
2,5-dimethyl-N,N’-dicyano-p-quinonediimine. By investigating other combinations of frontier orbital
symmetry, DA complexes seem to be classified to two categories, electron transport and ambipolar
transport.

In chapter VI, the crystal structures and transistor characteristics of (Perylene)(CyHex-PDI), and
(Coronene)(CyHex-PDI), (CyHex-PDI: dicyclohexyl-perylene diimide) are investigated. The perylene
HOMO/LUMO have the same symmetry as the CyHex-PDI HOMO/LUMO, respectively. Therefore,
these DA complexes exhibit ambipolar characteristics. Coronene has a larger p-electron system than
perylene, and not only the hole transport but also the electron transport increase. Although large
n-electron systems have an excellent charge bridging ability, the charge transport properties increase in the
combination of small and large molecules than the combination of large and large molecules.

In Chapter VII, transistor properties of 1,5-dibromo-2,6-naphthoquinhydrone are investigated.
Quinhydrone is a DA complex with hydroquinone as a donor and quinone as an acceptor, and the HOMO




of hydroquinone and the LUMO of quinone have the same symmetry. Although ambipolar property is
expected, only n-type characteristics are observed. The transfer integrals between the donor HOMO and
both the acceptor LUMO and HOMO-1 are large. These two contributions are canceled out and no hole
conduction appears.

The present work has demonstrated that the carrier charge polarity of DA complexes is determined by
the molecular orbitals of the donors and acceptors. The present study makes the conduction mechanism
of the DA complexes clear.

7% @ BRSCEEIX. F3C 2000 52 & 33 300 554 1O T 27, b LI 800 F5%4 1R L T2 Sy,
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