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AFw 3% TMolecular Design of Organic Semiconductors Based on Extended Thienoisatins (= / A #F > ZyLiE L7
FRCEERO TGN ) LEEL, BXTEMMTEY, 7TETHRINL TN S,

% 1 % [General Introduction (#i) | TITAMTL 7 hu=7 ADMEE L HEEERDR T o U2 7 OEERI
BIXORFHGHEZXF Yy V7T DL I2HTTRRLTWD, E6IT, AL CTEMBEKE LTWAFT ) A HF
VDR E FNEYRE LT BER O T B 2B L2 9 2T, RBFEICBIT AF = /) A FF o ik Lo Ak
MBI O )78t & D BRIIZ OV T L T2,

%5 2 & [Experimental Details (325%) | TIIANFIE THEH L T2 EBRIEEIZOWTERI L, EB 51 & R EE
WOWTH BN LTS,

% 3 Z [ N-Unsubstituted Thienoisoindigos: Preparation, Molecular Packing, and Ambipolar Organic Field-Effect
Transistors (N #EEBRTFT =) A VA VA Hik. TR, 7oA R —FERDR NI DRAH) | Tl
MoFr )4 VAT T (TIG) ODEMIEEFHLICEHL, 20 S HFO o L7 = =/VEEEA LIZFE K

(Dph-TIIG) & & HIT NLA~F IIVEBRE L Ol %247 > T 5, TIG & Dph-TIG IR k7 > P A Z 2B
TT UL R—THEER L, THG OBEEIL N-hexyl THG (2, 1S 2 REE TR EL TS, &5
(2. Dph-TIG (23 T N-hexyl Dph-TIG {2 b BEIEEA 2 #7LL EA E L T2 8, ATk dbdE oI
HRT DGR T, N-hexyl TG TiE BEIRBE/ SADIRWER LT3y F U 7T BHERESNIZOITK L, TUG I
—RITARERA B RT 1 A v X THEEE R L T\ 5, 72, N-hexyl Dph-TIG 2B W TH—KITMEA S v &
VU HEIEP MR S LA, Dph-THG 1 2 RICBE RAEZHT L7 ) v U— 7 HIE A HEE L T\ 5, N HEE R
RO EEE IR T DRE S ADWRITTIEDIEINN N T 0 DA ZFEOSEIZEN Y, NI U UAZMEE LT
BEAERHER SN EBE LTV D,

% 4 % [ Ambipolar Organic Field-Effect Transistors Based on N-Unsubstituted Thienoisoindigo Derivatives (N & 15
T A VATV IAFEEROT N R =T HERETNR N T PR F) ] TIIIERER THG A TH D N L IEE
BOFT )Ry 4 00T (CS) BLOFZ / BV VA YA Ya (NS) &, TIUG @ SJRTO o frE#H
wCThHdYF==/)L TIG (Dth-TIIG), ¥ 7 V)L TIG (Dfu-TIIG), B A (1-7 ==/L-5-F Y J /L) TIG

(Bis(1-ph-5-py)-TIIG) (ZDW TR L TW5, CS & NSIL TG & RIREDOZRLF—L~LERL, 723 A
R—TFEE R LTS, & & DILEWORS S Tl M AEERSSEER S =23, CS TiE—Ritn A
Xy T HEIEPHER S, NSIZHA > TV DS FEIC I Y A ~—A X v 7l E L TS, EHH0
b AY Y 7 FIZBTH LUMO D h 7 v A7 7 =BG R RE L, BTWEOHF DA —/VEE L 0 ESTH
LEMELTVWD, ZFHED o (i EHKICISWD TITEHEIC L0 fEEN K& <21k L. Bis(1-ph-5-py)-TIIG T
IFEHRIEN S TERICG L TREL R LN, BETIETELT 7 TR DZENHER S, b TP ZEPERN
FELLUEFLTWS, Dh-TUG X7V v 7 U= fEEHE L TV DIR, BT RENRKIELTWDT 4 A4 —H
—MBFELTEY, DR-THG XKt n A ¥ v F U IHEEIERT 5720, EH 5051128V TH Dph-TIG &
D hT UV RZEERIETIER T LTV, Dh-TIG (2B 5551 LT ¢ A4 —F — TS % FFom o+
BT AT 4 Ad—F—%&RBELTND,

% 5 & [n-Type Organic Field-Effect Transistors Based on Bisthienoisatin Derivatives (B AF =/ A HF L FHERD n
BABERDRE N T VAL TEFZ /) AV F U DOSFEFO oL EBILM D v 7V IRISET D2 ETHRLNR
HDEARFT ) AYF L (BTIR) 2D BMANR=NVEITT YT ) AF VU EREEAEA LZFHEAR (BTICN-R)
DEFETIVFILR (TN, ~NFI)L 2-TFL~F L) BHEICOWTEER L TWD, BTHIUSD B LR
=AFITE Y LUMO L~LiR-38 eV ERL 720 n R Z 7R LT 5, BTICN X LUMO 7343 eV fRE & S
HIZHRL 72 BMFRE CRIEER n B EEZ RE LTV D, INOLONTRETIE—RIT n A ¥ v ¥ 7k
DEH SR, TAXINVEOREICL Y B Ry X v 7R — U B BRT D 2 EBHERSL TV, ZoFf
T2 FNAF ILHLAE A L7z BTICN TRABEIEL 021 cm® Vs 2@l LT\ 5, ZONTFI3AF v 7 LT
WD TR CRMER 0N E WA I BRI EERT D720, b TV A7 7 —HANKEL Rl 2 LN EBEIEE
ROFRTHD EBEL TS,

% 6 & [Bulky Phenylalkyl Substitutions to Bisthienoisatins and Thienoisoindigos (EAF =/ A HF B L ONF= /
AVALVASNONEFNT = =L TIVFI)VER) JTIEBTL & TIG B LRV Y F= /) A VA V3 (DBTI)




R UNHE 2T 2=V FNEEEBA LT EAHR L, N TV AL RER L TWD, 2-7 ==L
FNEBEALZ BTLHIZA Y v 7 Lie~ 7R — o iiEE o0, o+ ClE—Rit n A ¥ v % o ZHEEDHE
HINDLMELTND, EOFKIZEBNTY 2-7 = = VT FABMBEOFRUBEINT N T2 PR X R T
LTCWAER, ZHFTF LU A=Y= I VBRI L THE VRNV T = = VEOEEICER T 5 &3
Bl LT3, AFM <0 X SEHTIC L AEBFMTH 2-7 = = L= FLEHKRD FN L 0 B—REHERT 5 2 &
R, ERRE L ADETE W T U DR EEOERIZOWTELZ LTS,

% 7 % [General Conclusion (F&84F) | TIIAME CTH LN REBRIFEL W5,

INEETDICAHE T BEOTF ) A Y F URRRTH LT ) A VA P TEEATFZ ) AP F T
EEH L, F7E#, BREEOEAN, 7TAXVEOEACKRE, EEWVEREOEANED HIETHTRFEITI Z
LTI UV R ZEEEOUE L EE—RFEORBRMEOMIAZ R L TBY . T EREMT2E ZABRKEV, &
STAGICIIH L (L%) & LTHORMMERS 5 LB L5,

H% - FSCEEIE, T 2000 52 & 9830 300 54 L #RT ORI 50y, b L<IEIIL 800 564 LRI L TS 720y,
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This thesis covers several kinds of organic semiconductors based on extended thienoisatins. Because thienoisatin has two
reaction sites, it is possible to selectively extend thienoisatin by using appropriate reagents. Therefore, various derivatives
and analogs have been synthesized as small-molecule organic semiconductors to study structure-property relationships by
investigating thin-film transistor properties together with the crystal structures, electrochemical properties, and thin-film
properties.

N-unsubstituted thienoisoindigo (TIIG) and the a-substituted diphenyl derivative (Dph-TIIG) have been prepared in
Chapter III.  These molecules exhibit ambipolar transistor properties as expected from the narrow energy gaps. Owing to
the tilted phenyl groups of Dph-TIIG, this molecule has a hybrid of brickwork and herringbone structures, whereas TIIG
forms a stacking structure. When compared to N-hexyl substituted molecules, dimensionality of conduction path in TIIG
increases from zero to one and that of Dph-TIIG increases from one to two, and the transistor properties are improved,
where the N-unsubstituted molecules are advantageous as transistor materials.

In order to investigate a hybrid of isoindigo and TIIG, CS (thieno-benzo-isoindigo) and NS (thieno-pyridine-isoindigo)
have been prepared in Chapter IV. The energy levels deepen in the order of TIIG < CS < NS according to the order of
electron withdrawing ability of the substituted rings. Even though many interactions are observed in the crystal structures
of CS and NS, CS has a stacking structure and NS constructs a dimerized stacking structure due to the twisted molecular
structures. Owing to the large transfer integrals of LUMO, these molecules exhibit moderate mobilities with n-dominant
ambipolar properties similarly to TIIG. In addition, Dth-TIIG (a-thienyl-substituted TIIG), Dfu-TIIG (o-furyl-substituted
TIIG), and Bis(1-ph-5-py)-TIIG (a-(1-phenyl-5-pyrazolyl)-substituted TIIG) have been prepared in Chapter IV to identify
the m-skeleton extension effects. It is confirmed that crystal structures change according to the a-substituents. Because of
the largely tilted substituents in Bis(1-ph-5-py)-TIIG, thin-films of this molecule constitute amorphous grains and the
transistor property is obviously reduced. Dfu-TIIG forms a stacking structure, while Dth-TIIG forms a brickwork
structure with flipping disorder. Therefore, these molecules show slightly degraded mobilities in comparison with
Dph-TIIG, and molecular disorder observed in Dth-TIIG suggests possibility of the same kind of disorder in polymers with
similar chemical structures.

In Chapter V, bisthienoisatins (BTI-R with R = n-propyl, n-hexyl, and 2-ethylhexyl) and the dicyanomethylene derivatives
(BTICN-R with R = n-propyl, n-hexyl, and 2-ethylhexyl) have been prepared. The crystals have uniform stacking
structures, but the packing pattern of the stacks varies depending on the alkyl chains. These materials show n-type
transistor properties, and BTICNs exhibit greater performance than BTIs with remarkable long-term air stability, which is
resulted from the quite low-lying LUMO levels about —4.3 eV of BTICNs. In particular, BTICN-EH shows the maximum
electron mobility exceeding 0.2 cm?> V™!'s™! due to the large transfer integrals.

In Chapter VI, bulky substituents, benzyl (Bn) and 2-phenylethyl (EtPh), have been introduced to BTI, TIIG, and
dibenzothienoisoindigo (DBTII). Uniform stacking structures are maintained in these molecules, but only in EtPh-BTL a
two-dimensional slipped herringbone structure is observed. The benzyl groups are largely distorted from the molecular
core, but the 2-phenylethyl groups are slightly twisted owing to the ethylene spacer. Therefore, 2-phenylethyl substituted
molecules show relatively fine thin-film qualities, while in the thin films of Bn-TIIG and Bn-DBTII, two kinds of molecular
orientations coexist randomly resulting in poor thin-film qualities. This is reflected in much better performance of the
transistor properties in the 2-phenylethyl substituted molecules.

The present work demonstrates molecular modifications of organic semiconductors such as atom substitutions, introduction
of functional groups, introduction or removal of alkyl groups, and introduction of bulky substituents by using extended
thienoisatins. From these kinds of molecular engineering, improved device performance as well as elucidation of
structure-property relationships can be achieved. These results contribute to the development of organic semiconductors.
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