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Fig. 1-4 Carrier transport mechanisms in organic materials. u, T, and E mean

carrier mobility, temperature, and electric field, respectively.
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Fig. 1-6  Molecular structure of octa(alkyoxymethyl)phthalocyanine and its
stacking structure in Dn phase.
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Fig. 1-7  Molecular structure of hexaalkoxytriphenylene and its ac conductivity

as a function of frequency of electric field.

1991 4EiZiE J. M. Warman H258NV 7 1 V) VEHEAKD Dy #HTOREED
6X103cm2/Vs Th b I & <A 7 U EEFEICLDRLZ 8, o5 EHKEE, 7
F UL T = R TRE BT, FREIC, BEIEEDT 102 cm2/Vs ST A W REMEATH
BHEERLIZ, TNICL T, BEIEOKRKDEFHL P L o7z, LA L, A4
7 OFREEOWETIE., Fv U THEEOREDL VICHENDHD ., ¥+ ) TOFFIE
RPETH -7z, T2, BONILBHEIIIEE ITVEENTO m’icroscop_ic T BE)
T, EBEOTF/NA AER ETREE 25 1 ~ 100 pm EEDHEIKTD macroscopic
RERTOBEE L BNHLIFEIAHL T T THo 72,

RO OR i e B LA AR
29 * . EH-‘ : - -
RO OR 3 6 . ‘}%T 1]
w0 1.5 o .y 3 a 1 1 1 hy

" % a . 1w e 1‘:; 106 1oe
RO OR g 10 ¢ ° -] iy ]
3 . | ;
o5 * e "% .

RO OR
- i L e
Mn . {1 150 F)
octaalkylporphyrin i Temparatura {*C)

Fig. 1-8 Molecular structure of octaalkylporphyrin and its conductivity as a .
function of temperature. Discontinuous changes were observed in its

conductivity at phase transition points.
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Fig. 1-9 Molecular structures of hexaalkylthiotriphenylene and its positive
carrier mobility as a function of temperature. The mobility increased stepwise at

each phase transition point, and reached up to the order of 10! cm?Vs in H phase.
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Fig. 1-10  Molecular structure of p-cyanobenzoyloxypentaalkoxytriphenylene

and emission spectra of EL device based on this compound.
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Fig. 1-11 Liquid crystal materials whose electrical properties were studied in

their nematic phases.
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Fig. 1-12 Nematic liquid crystals which are designed as photoconductors by

Kusabayashi’s group.
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carrier transport.
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were designed as smectic photoconductors.
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Fig. 1-16 Schematic diagram of disorder model
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Fig. 1-17  dispersive transport caused by dispersion of carrier sheet
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Fig. 1-18 Various liquid crystal phases consisting of rod-like molecules
(calamitic system)
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Fig. 2-1 Schematic X ray diffraction patterns in various liquid crystal phases
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CEEL, COBDAN LA AN F—DZELBEOEKL LTERTLH0TH 2,
AHFFETIE, &4 3 —BEFTE DSC 220C % fiv:7-,

3. Wtk

AWGEDF— T — FO—DRBZEWTH o =0T T+ ATk Es
FHICEELEREHF O, AECHE. IS, TR 2 B 2582 70
DFEEDOWTHEHT 2,

3-1 SHTHBILARS b o

—RI, FEREW AT O ENMRICRIE 2L, £ 0Es
B 7 - o * BB, DV, n - *EBEERBLTWS, o T. AV AT AR
RARZ P H o KORIGEED A% 53, FFOBETHEECHT 2HHLEL
%o AWFFETILIATHBINA T b b t@m%METébeW%tﬁﬁt
TOREFRS . BLU, HE0 HOMO-LUMO ¥v v F% KD 7,

BHHETOARY P VOWEDEEITIE. E%kwk@ﬁé&AL K& TF.
BRCTWEEIT o7 BERBOARY MV EETZEAIE. Ky FFL—F F
fﬁﬂ%%ﬁbffé2um®E%twL&xL\$ﬂ$/be—ymmMr
spectra) LICEE LT, ARY PV A — ¥ — DB B icEe LTHEE T 72, A
N7 PV A—%— ¥ LTidHIL Spectrophotometer 228 % Fiv 7=,
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3.2 HIEART PO

AR L7z & 912, FHERIEAWIETR~ERMNRIZ, 7 —a* HHVIE, n—
A EBICET CHEERRT, fo T, #RARS PVIEHMBOERIREICHET 515
AR EUEICR b, AR TR, BWEHXEETEFY )T T v 7L LTH CEA
5TV 5 excimer DAERDH IR FER T S 2DICHBARY PV zHllE L 72,
WA RT PVORERE Fig. 2-2 1IRT, BEHTDOANRT FIVOREDY;
A, BREVICEBEZEAL, KRT. B2RTHNEZT > o BEREOARS
FUERBIET AESICE. Ay P L — P ETREEMEAL TES 2 um ORFEE NV
CEA L. NELR Y B AT — Y (Kettler spectra) EICEE LTI 21T o 720 bENG
AR T > 7D 356 nm DM EEY T AT 4 V& —UVD3sS ZHWTHY L
720 WMIITESNS v k7 4 V¥ — %58 L7, multichannel analyser (FAR A b =7
A PMA-DIZT 7 48— &2 W TEW,

50 W Mercury lamp

Yoltage source

for mercury lamp B —H Lens
UVD36 filter ————

Mechanical shutter §§

Multichannel ghalyser

Probe

UV cut filter
Thermocontroller  Hot stage Personal computer

Fig. 2-2 A measurement setup of photoluminescence spectra
4. BERDHE

AECW, AREOEE LIS &% 5 WA REAO BRSO T i<
W, B, KMEEMOFHE . BEIBEOFHE & L ISE N5,
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4-1 RBOfEmRE

FHLAMEED S A7 0= 757 4 —Dfk. BisE R DR LT L,
PSR OB pm AT — L OBRIBATLDRF -0 v RE O IERERTE
milipore filter (Advantech milipore filter: pore size 0.45 mm) % i\ C %38 L7zo
CEHAT, fERRHHE 2 ) — > T — 2DH T - 72,

ekt Vid, “HOBEEUYWE 2 T — LTS AR EERITHE ) &b
SDE o ITO BARE IV /b DI EHC X W AF L b D% Bz, BEVET 5
EIid, EHC LY AFLZZITO a— M5 ARR Al 2285 L7205 ARE., ¥
DATNANR=Y =2 RBALIEER T b CERLL 72,

ABOBRENADEAZ, kv P U — P LTI LS, S

CETHE LA % BHERS 2R H LTENVICLAAERT, 2D, BETT
ML THEFRLTODLT A% BE L7,

AR D IREE I 1213 B ED hot stage (Kettler HS-IV, HS-250) % 272, &
v b AT — I3 PID thermocontroller i~ & » T, +0.1 FEDNEETIRAE %2 I T &
BLIIMELNTVE, S50, BAHMNTHOMT % EHZTV5 LIz, b—
Y — LICEE 2 mm ORIETTH 20T, [REMEIC L - ’C texture & EIEE L %
PoOESFELZWUET 2ENTHTH 5,

4-2 HEERENE®

%Eﬁwﬁﬁﬁéﬁﬁﬁﬂwﬁ&®~0ﬁéb\ﬁ%?4va—u:®TE
CIBTTRRIMEE R MAEDE b DTH 5 BEEF LA T OBIBEIIC S
WCEESREREHD, /0. FEEFMEA —F— 15 25— L bHEIDHY . 5
TORMBKFOERE L S,

AHFFE T, NF@%uJ7D/7ﬁWsz—&—2M0%mw‘@ﬁﬁ@k
W ERERM N OFHEL S YE L. %@#%*$ﬁﬁ@aLto

rﬁ'

4-3 BEERECEELERNE

EHJIE

HIRIEC ORI BRI B O B SUIF % 5EI T 5 LT, b o & bR
&%%%&f%é Z DGR ﬁ%$\mﬁﬁET®%A&%L%T5Fﬁ%
LHNTE L 9,

BRBEEFERAS (T CROZDIZHHTE B,
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1. BEESECHEOBRS

, —fIC. BRBEFEVGAICRBRRES 5/ 7 ANOF v ) TEAIER
TE, REEHENLBHRIE N V20X v ) THEn, BEE .. ENINER B, &
Fae ZHWT,

I =neuE : (2-1)

rEEND, OFRTRERSEMER, FANBEIIBIL, 4 — AOBRINHEY
M0 ZOFEHTIE, NVZ DOF %) 7IEFRCEE 2 i3k S 0B @Rk EE),

LAY, BRFKEL D E, BEILOF ¥ TIHEANET L, HEIY
—REBRIPPO L b BAF YUY THFRBOI LTI - LTOEREWE
# EEZ L, BERAECIEERMEIZO L2,

2

2 - .
I= gsogr,uF (2-2)

DX 57 Child BIAKY L H., BHRIIEED ZFICHHIT 5 & 9 1274k 5 (ZERHEMH
EERTAN ‘ ‘ |

— RO BB T, BEIE, . BEX v ) T OREFRW
D AGERB BRSSO F + ) TEACKR S U EERM T, fixEEIlED  ohmic
BEIEORE 00, BEFMIT, ZHEMHIRERICEICBHROBERIINT S
IR AR SN B, -

2. BEIEIRIWHMHOGLE

BEEIAK XV TIRERY SEASINAF v ) TIZFHE ISR 2 ik &
h, BRESETOF v ) 7TOEREIREOhAZ Y, L LA S, MEEWE TIE#T
YU TIREMEV-D, KB 2HENLEBRIZ, —RICEEILOF v.) TOENER
X D ERENDEARR), %< OBE. BRI L RO HOMO.
LUMO T3 b ¥ —HERT 0352 360 < FREC O ARERE % B L 72 Schottky I D 4KHF
&R 10,

[=al? exp[— %E){exp(— %ﬂ , (2-3)
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CORITEDTE, BROBEKEN., BERBEREEN S, REAOEARRICHET 2
EREFLHNTEETH 5,
EHEAERCEAL UL, A—3Iv 230527 FOBE, KBRE L L T2 L,
BX o p. BHRMEE, BOERK . BREI, Fv ) THERORTFIE, i
DEZL, ¥¥VT70Fmc, v ) TBEHE . BHEREe 2 VT,

»

1
1,=0,E =aIOCI>;Te,uE (2-4)

DEHICEINS 1),

EERBOBER. EEXBROWEBICITHICRT L9 RAIEL % W,
Ky PATFT—=VOLECEBZEZE L, RELORELHIE LA, BEOHN. EREOW
1213 source measurement unit (Advantest R2230) % i 272, AR 500 W Xe
7 TRV BEED on-off 3B ¥ v ¥ —TiT7o72, BREY v v ¥ — & source
measurement unit /3 personal computer (23t L. BEOHII. BROBE. %O
FRE & FBIICAT - 726

Interference

Source
measurement unit

Thermocontroller ¢he hot stage

Sample on EM shutter 500 W Xe lamp

Fig. 2-3 . The setup for steady state photocurrent measurement, which consists
of 500 W Xe lamp as an excitation light source, source measurement unit,

electromagnetic shutter controlled by personal computer, and hot stage with PID
thermocontroller.
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4-4 BEXERE (TOF k) W

) THRHEIENERMELZY)OF ) TOEETH L, EoT. BR
T COF v ) 7OREZUET L, BBELFHAETLHITE S, €T, F
)T OREERDL 2D, F 1) THRE LM S DIICET 5 EITH R (transit
time) ZHET 5, £ 04, RBCERLAMLARET VAT YT %
A L. SIS L AR IC R SN A ENEREZE=Y — T 5, XYV TD
BEAEE LT, BFRBHEICE VEES YV T2EATAAE ¥/ 777
ST WAL= —E RN A Z LIk o TEBREMEICF Y T2 A
REEDFEIA SRS, AL TIE, Ne-aF/ OV A L —F =i & Y 3R % bk
T 5 HEERHV,

THEIZRET L) IC. v FA v FRORBICEREZEML, SVAL—F—%
BET 5. ZOB. RESEAGICHE L THAICRERERELZ R, O, Y
U 7 AR AR S, R EEREEICOAER L. ZOSMIETN Y
BRI E e Bo R Lz v U 7 RER L OMEEHICL VP2 FY 7 P 42T
ZOBIC. NEESICEMNERGRELBRIFRENL, X 7N HERICH
EY 5 L. BB OCEKET 5, 22 THE O NBENRE RO KT
transit time t7 (3BT 5. XEOERX 2 d & L, BREE: E. HINEEZ VET
e, BEE I '

p==L (2-5)

LREND,

AW TOBELBROWE I, Fh#e e & L T, Ng-dye laser (Laser
photonics LN203C, wavelength = 337 nm, pulse width = 600 ps, and power = 40
ndipulse) % . EHER & LT3k PAV 250 % V27204 LR ALEHL I preamplifier
(Princeton applied research Model 115, PI#RIESL 50 Q)i & DHEE L. digital
oscilloscope (Nicolet, Pro92) 258k - f##T L 720

= CRIEE L 7 B OBEREREES S O X ) 1 transit time ZHRET 5

PTH Do BAMREIZEIIENIHITH Y, F v ) THN T AROYHCE LahH
SEHE YT M AEAICE. BIERER IR ORI S TERIGEVWBIR Y %2
D . transit time {OBERERBEHOBBERSTOPHE LS, LI L, EBICIFE S
DA BREE DT, *VUT@E%#%@?@ B SEERBIL O E A, B
LB IETLO L ORI E AT transit time (IHET 2 PARBREC %2 5 o ARFFFETIZHE
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H.F. Scher & Monfroll Lo TIRESINA- L9110, BEXTEHER WK SO
v LD T ARKOEMDAZ S % transit time & L7 12,

drift of carrier sheet transient photocurrent

W= d/Et, = d/Vt,

Digital oscilloscope

il

Preamplifier

N,-dye laser,
Rh-6G(A = 590 nm)
pulse duration = 600 ps

LC sample cell
DC voltage source ~o2 50Q

Fig. 2-4 TOF setup for this study, which consists of Ns-dye pulse laser
(wavelength = 337 nm, pulse width = 600 ps, and intensity = 40 pJ/pulse), DC
voltage source, preamplifier with 50 Q resistor, digital oscilloscope, and hot stage
with PID thermocontroller. "

TOFHEICE Y BEELZHET A HEAICHEET N LM LT,
1. BERFY ) TE Q<< EREBEWE Qo

TOF $EIZHBWTid, transittime ZHE L. FIHh 5 F v ) 7T OEEHE % K
DLDT, Fx)THR—EHETFY 7 b AFEIFHRELZoTWVE, 27D
HEHI—LBRIPPORIEE S v, ¥ v ) TABEICERT 2 L. %iﬁ*ﬂrb:#
PBBRIE—TEEoTLEIDT. 4 U TEREAIE L. 2 BERA
BB R CHIES 5 LEDDH 5, | -

6 ¥ ) 7 RN Q BRI (02 AT 2L VB O R,

0= [1(t)ar | (2-6)

WA R Q IHEOFER « o WH(ES d. WH S, LHEF JOa v 70y
— L LTOHERE C LEMEEV 5, -
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0, =CV =g, %V @-7)

KDDLEDNTE D, AFETIE. Q <0.2Qo DEHZIMZT L ) ITEMEZREL T
REBFT o720 V7 FVBENTOZ20OIC, ORI Lo 2HEICRY .
Q> 3QoDFMTHlE L., ZEHEMMBERD regime THTL72o ZORHEITHE,
BERERIZE -7 2EORICR Y, ¥— 27 OB 6,13 t,=0.79tr DBRZ W L

¥ — 7 OEFAEIZEMEBELEO ZFIZHEIT 5 13,

(a) (b)
I I

t t =079 t

Fig. 2-5 Transient photocurrent curves in the case of (a) Qo >> Q and (b) Qo << Q.
2. FHEARMEERE c>> tr
FHEEHREN c QUER, . FER LRO L) RBRICH 5,

t=¢/ o (2-8)
BEASE S MR VBRI RBICER PO LI o TLE ), HRFE

£
AR
FERIFKEV a-8i ZETRLUELIEREL 2505, ARWICB N TIZ DY
EERLFREODEVOT, ZOFMFRIHLINL,

llll S

Z
&
o

ZOENREBRRT TN Y MBS R R o 2% v ) TAERT 5 54T
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g3 2-(4’-alkoxyphényl)-6-alkylthiobenzothiazole Mk STt L BB

g ] BT LB LD I, WREEEAL VI BRSIIBO TH LVWBETH 5, B
FOTRDS LT 4 AT VAR ER L THES R b OFIEL A LT BB 7
it % ik LR S NCHRMEHE 74 A3 7 4 9 7 HEO—IE RS FHEL BV,
b0 Ty 7273HIC, BEFOMSH B0 R WET 5 L\ ) METRZ < BB,
B R W R B O WEME ORGSR EIT o1

EEEREROT T ) TVFHFA VI 2207 e —FE2ohb, —DUi,
ﬁ%ﬁ%?»#wﬁwﬁﬁﬁtiD%%mwﬁ%mﬂuﬁm&%agﬁﬁiBntﬁ%
vz WS R T RIS B R R TSRS T VR VEOMBEZAL TH
BHEFELI) V) FHETH S,

%hKﬂLT\%5~o@77u~%u\ﬁm‘ﬁ%ﬁ%\ﬁ%%gnﬁﬁﬁﬁg
AEXNBEICLY, TELT 7 AREE, HHVIE, TEISHEELSIZIRBEZE 2, EH
IR WS N TW L EET BN T 7 ABMWIEMBHCR A2 EA L TREEILYT 4
CEICIDHEMAFELL) LV bOTH,

K CIRBEOVBIS T Y TVFEAL YV 2iToz, bbb, BENERSF
BEWEME. H2VIIESTERHEMEOBREETM OS5, HBEWEREDOR WL
—y FERBUEL. 2Oy FOTRIC T VENVEOMPEZEA L THAEEZFEL &
Se#ER T, FOLD, HTREAVIVESRBRERKOTFA Y2 OHEZHD .

thermal fluctuation / structuralization

Molecular Crystals

Calamitic mesophases Amorphous materials

Fig.3-1 Material design of liquid crystalline semiconductor: Liquid crystal
materials should be located between crystal and amorphous in terms of molecular
ordering. There are two approaches to introduce thermal fluctuation into single

crystals and to give ordering structure to amorphous materials.
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L. HPEIRREH & AR
1-1 STRAOBAMN RS

AR L7z & 510, AR TET BV 7 7 AMEEBEILT 2300 L ) S % Bk
THEV)EZHIHEDTOTV D, 22T, BT EN T 7 ABHEEM BTS2 AND
NTWLB—RFERI»SHETEZLIC LT,

TENT 7 AEMEEMEHC BT, 44 VERT U2 v VDN S B pshk— L
T, BTHNNORELYHFBTREHRTLEINTVE D, 21T, £¢ DI EH & —
VA TH Y BTk v 0 B 2% M B 13 trinitrofluorenone . IE 5 Fr
diphenoquinone % &, FEEIZRON TV L, £ T, N—R L Y EIEE 12 k— )L
BRSO WSAR OB B 5 2 242 L7z, |

BEE . MBI EREO B WHEEEDT 7 OIS 7V F VU EATERE. &2\ I3
RBEDNTORFEN L TR - SR HD, o T ERWAF MEETF VS v L %
FT5 EARED RWHFHERIEEWICATOTEEA LT, o WIE, BEET LS LA
BATLHDPERNTHL) EEZOND, A= VIREMBEE LTUIELIEAV SR
triphenylamine FF#E4 % LELOWE DEAME 2 /T OVHETH 2 720, Fuvih
27 ERORHEMATHEL LT, BEREORMEN A + 1ERF ¥ ¥ ¥ L 5o
2-Phenylbenzothiazole? % A 72, & DM BHIBFEEBGA L L CHE S W5 15

Do LT, BIZAA MERT V¥ v VOERE NS 720, Fig. 3-2 1IR3 £ 510, 4
EBNMICRELMBEEZNLTT ARV FEAT L L 2E 2 7,

Fig. 3-2  Molecular design of calamitic liquid crystalline semiconductor

ETNVALEY 10-PBT-S1 OB S FHEH B2 T 072 L 25, 204+ 1L,
BTy v lid 806 eV, EFHMBIE 082 eV T, B S 72 v 9
phenylbenzothiazole M A * Y bR F > & v )L 8.91 eV, HEF-HHIT 0.81 eV IZ T,
AFERT ¥ 0 v MK ECERSNTE D Lk — VIR L CERITH 2 S & Fil
Shiz, o
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Fig. 3-3 Optimized molecular structure of model compound, 10-PBT-S1 with MM2
and MOPAC 93

1-2  ABOv— F oE

SR TRO N — MMt o THF o 720 4-hydroxybenzaldehyde % ¥EFEMESMFT 7V
% V4t L T 4-alkoxybenzaldehyde % %72, € ®{% 1,2-aminobenzenethiol & 4-
alkoxybenzaldehyde % DMSO ' 150TC GJJ[]?/‘L L##E4 =+, 2-phenylbenzothiazole ‘BH&
FHESE U720 RKWT, BERRHHEZE TR L T ez 7oE{LL 3, £D%k, Bbhi7u
4% N,N-dimethylimidazolidinone ¥t 80CT. 7V ¥ F 4 —vF b ) 7 AETLHE
FHZEICEY, BHETALEWZET

NH,
RBr, NaOH ©:SH

HO‘O—CHO ~ RO CHO : -
EtOH, reflux DMSO, 140 °C

70-90 %
N
S AcOH - HQO ' 7
60 -75% 50 - 65 %
R'SNa N R =C7His R' =CH
DMI, 80 °C S SR’

60 - 80 %

Scheme 3-4 Synthetic route of 2-phenylbenzothiazole derivatives

SR, B L. ERERI S THLEEHEIC X 5 molecular modeling D
£% Fig. 3-5 IR T o 70-PBT-S12 i3 WEINERIED L WATFTHHHEF DL Y | W
DREBICHEA LG TFREREzFE- TV EbDLEILRS,

48



Fig. 3-5 Molecular modeling of 70-PBT-S12 with MM2 and MOPAC 93 (AM1)
1-3 HiE#isg)

NS —EDLEYIE SmA M %R L7z, MO RS RIS % v 7 texture &
22, BAMRER, XBEHTIC L 5 TiFo 77,

R YCEER LR IC BV Tid, Fig. 3-6 2R & 5 % SmA # (TR 72 TR AR AR DS H]
. FEHESUEL 47-octyl-4-hexyloxybiphenyl D SmA H & EREHEB TR L 72,

ThENTFIEOREIHNT-9 DILEWICE L Cid, KA «k@z X 7F v 7
PNz COMOFAZBIITE LD o7 (LLF. SmX HEMT D) o BHEOWRTLL
ROoNBEFRERIIFIILEHEECIE 2 d o7,

70-PBT-012 © SmA #1251} % X #IEFI Fig. 3-7 1R T X 910, 2.436 fFI2 X
A7 T4y ZBEOEYNIIET A — 2B h,. Zh X b b AN F I
AT, COMP SmAMTHHZ L E2RLTWD, HIEMNIE 36.23A THY, WHD
TORSLIZI-HLTBY., SmA T, FTAFLAECEF LTV & & 2R
LTw3

Fig. 3-6 Micrographic texture of 70-PBT-S12 (95 °C). (a) SA phase (95 ©)
crystal phase (50 ).
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Fig. 3-7 (a) X-ray diffraction in SmA phase of 70-PNP-512

@ 25000 pr—r—r—r— . . .
- L . ’ .
g o . . .
a0 | !
O 3 T L .
] o [ ¥ i ]
e —_——ap O | . :
96 °C ma ]
T 15000 T ). -- e ;
c 98 °C I ]
G I
- £y .
£ 10000 f------------ L .
c ,’,’.’ ?‘ : ]
o | .l 0
2 s000f------------ .’L". - ‘ e ]
S - ; 't W :
HHE: 0 L N ‘:‘MM——I — s . 2 2 Y
2.2 2.3 2.4 2.5 2.6 2.7

SmA phase of 70-PBT-S12

DT, EELRLEMOMIEREE % Fig. 3-8 \2RT. %< D{LAWH80TH 5 100T

T SmAMERL 72,

(@)

120 . T T T -
115 - I Crystal- Sm -

— ' . ' o SmX-SmA
°8, 110} - - m-c-c| M SmAdso |
L R R R
g 100---‘-----' ----- oL LR R |
g | ] . . . ]
8 osf- - e R P
E : L. ]
SR S S AR
85F--.----- R R

80 :: ; L i 1 A e A
4 6 8 10 12

Fig.

35.5

(b

50

A

)

Temperature (°C)

~ Length of alkyl side chain n (7O-PBT-Sn), heating

120 r T
O --'-----"5-- e NI
¢ « L
100§ - - - - -e e $- $ - e
. . e m
90F--"----- g O R
' " : ; '
80 F - -~ - - -7 - - - - "‘ - i """"
« " ]
wob- ... . ® Iso-SmA |;
! . 0 SmA-SmX
60k --"-----1----- T E
T ' ® SmA-Cryst|
50 ......... L e
4 6 8 10 12

Length of alkyl side chain n (7O-PBT-Sn), Cooling

3-8 Phase transition behaviors of 70-PBT-Sn (a) heating (b) cooling

(b) layer structure of



2. 170-PBT-S12 @?E%%ﬁ

2-1 bR

T S T
(&
[&]

Fig. 3-9 12 70-PBT-S12 DA TTHRKIL AR Z L LN R <2 b L RT,
(@ 3 ®) 2 fC= e 2
25 [\ r "‘ _——:‘r::ﬂ :‘h::c( 9(:3;;:) 6i ﬁi‘
2 / Fiitecy AN I Iso p:asc(ﬂo"(:) j_ .
8wl g [T FL
1 \ s \ i
osfl—|-f \\ 2
N i R e e e T vy 2
0200 250 300 350 400 450 500 550 600 0200 250 300 350 400 450 500 550 600
Wavelength (nm) Wavelength (nm) EIEEI L
Fig. 3-9  UV-Vis absorption spectra of 70-PNP-S12. (a) in CH2Clz (concentration = ii
2X107M) (b) in condensed phase : b1
IR
BIXA 2 b v ORIATE A F V7 C 330 nm. SmA #°C 350 nm THY, »
T, mrt BRI CRINEE X 5N D, SmA ACEINEEGEREMIZS T P L 1 Tl
CRBDL S B LI L T, BERECRSTHOMERE O, k&0 | B
HOMO-LUMO ¥ ¥ v 7A/RNE L hbtzd b E L bN 5, B 3
il
(a) 350 (b) 350 T4
- 300 A 300 % \
E 250 \ E 250 A ’
%‘ 200 \ +.-.-: 200 \
g 150 l \ g 150 \ 2.
g 100 ’ \ ; 100 I[ \\
50 N 50 N
0 w M— e shil 0 M M‘ e
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Wavelength (nm)

Fig. 3-10 Photoluminescence spectra of 70-PBT-S12

=106M) (b) in SmA phase at 95 °C

300 400 500 600 700 800

Wavelength (nm)

(a) in CH2Cls (concentration

Fig. 3-10 IZHOEA RS PV EIRT o SGMAIL, WHH T, 460nm. SmA T 480
nm i2H Y, wFRb BIRARS PVERE ot ERICRE LT L B, Bl
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we b, BEREEIC BV T b, &) EREMCRRRERS AT, %1 ¥ - OBH
iz o TWhwnekEZ bz,

9.2 W&

92-phenylbenzothiazole FE AN BERAFMEIT AH OMEL 5 < AF U7z B OMEE |
FERE DR BIGE, ERBICK & BB L 2T 1 — RIS, AR OETWHE ppm
F— T — DRI L > THRE RFEL T b, —RITHERYIIEER LA LT
FLLEE TR, BFHORBITE, MESET L. BFWEISET 2 DT 5
NV, ZORIT, BFPRERER LV oloATOLHELELD, BIEShe TV,
LHROBF T, BATARMY 2 & CHHET 5 L LV, Lo ZMERZRZT
Who FIT. DTORE T, &k, #2207 T 7 4 —THELZR. BE
BL, ArERKTCTREL, €610, WEBEMICHERL THY

BB ABEREEEELZUTIORT, ToCHBRLEA T, #AHE, SmA

. SEHMT. i, HINERE 0- 50V O CTRE LZEBRAIHE b NIz, WTROMT
LIEERAITIX ohmic M. BERMTREREOBIEIN T 5 IR 2L H AT
DR 6N,

& B CIERPEEER L, 10-4S/em., SmA A Tid, 1018 S/em, 5T, 1012 S/cm
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Fig. 3-11 Photocurrent response in (a) crystal phase, (b) SmA phase, and (c)
isotropic phase. The sample thickness was 9 um, illuminated area lcm?, Wavelgngth
of illuminated light 356 nm, and light intensity 0.3 mW/cmz2.
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Fig. 3-15 The role of carrier generation layer in double layer system. Incident

visible light excites electrons from vakence band to conduction band of CGL, and then
electrons migrate from HOMO level of CTL to valence band of CGL, resulting in hole
injection from CGL to CTM.
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Fig. 3-16 Structure of sample consisting of carrier genaration layer (Se) and liquid
crystal layer.
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Fig. 3-17 Photoconductive behaviors of a cell consisting of cryst-Se layer (CGL) and
liquid crystal (70-PBT-S12) layer (CTL). (a) Photocurrent response on visible light
(b) I-V characteristics in SmA phase (95 C).

12 um, and electrode area 1 cm?, wavelength of illumination light 600 nm, and light

illumination Sample thickness was

intensity 3 mW/cm?2.
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Fig.3-18 Photocurrent at 20 V as a function of temperature in a cell consisting of
CGL and CTL. Sample thickness was 12 pm, and electrode area 1 cm?2, wavelength of
illumination light 600 nm, and light intensity 3 mW/cma2.
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Fig. 3-19 Transient photocurrent curves in crystél phase (50 C). (a) large grain -
sample (b) small grain. Wavelength of excitaion light was 337 nm, the sample

thickness 9 um, and electrode area 0.5 cm?.
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Fig. 3-20  Transient photocurrent curves in SmA phase (95 C) for positive carrier
(a) linear plot (b) double logarithmic plot. Wavelength of excitaion light was 337 3
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Fig. 3-21 Transient photocurrent curves in SmA phase (95 C) for negative carrier | 3.
(a) linear plot (b) double logarithmic plot. Wavelength of excitaion light was 337
nm, the sample thickness 9 um, and electrode-area 0.5 cm2.
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Fig. 3-22 Carrier mobility calculated from a plot of inverted transit time as a
function of applied voltage divided by square of sample thickness. Wavelength of

excitaion light was 337 nm, the sample thickness 9 pm, and electrode area 0.5 cm?.
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Fig. 3-23 Dependence of transient photocurrent curves on photo intensity in
isotropic phase (110 C) (a) for positive carrier (b) for negative carrier.

Wavelength of excitaion light was 337 nm, the sample thickness 9 pm, and electrode
area 0.5 cm?2,
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Field-dependence of carrier mobility in isotropic phase (110 C). (a)
Wavelength of excitaion light was 337 nm, the

sample thickness 9 um, and electrode area 0.5 cm?2.
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9.6-3  SmAM LT OBMIGEEED LB

B 1-2 THALRC, S, WEMERBETH L0, BFRELAF VE
BRI DHEITL ) 5o RETIRINS M TEFEEL A A RED & LA AR O
B L CHERT 5o |

1. SmA #TOEMEEERE

FEREB T O A F V{58 Walden HIIIHED Z LB TV %, fE> T, Walden
L HIEACT, A VEEREELNLF Y ) TOBBE,IOHEEREL LI EHTTEDL D
| 23 LTE SRS ROMMEICHIE L CBEERRAERE A 4+ Y zEivw) &
- ki, _ A

T, STFOEEE 10A LIRE L, BEIEE% 5X108 em?/ Vs {UA T 5 &, #itkn
12 1.6X105 Ns/m2 & 2 5, ZDfEIZ 20C DAL D b —HHEL, TEo T, 44 V{REDT]
BEEIEH D 22V,

2. HHATOBEMRRERE

LEHMTIIBEEIL SmA FHTOMED 1/500 KT T 5D T, 44 FFE2ZFLCL
10A &35 &, ¥tk 8X103 Ns/m2 & %2 %, ZOffiik. 70-PBT-S12 DEHHTORHE
ICEVETH B, £2°C, ZEEELY X DBRBICT S 72010, LToRE 21727

&I B VT 70-PBT-S12 B E&BEHERT F 71 Y SO RHRIOKERERAY
o T, EHMICBNT, Z2EHORAFETHR UGG ICEMEEFEF LD
BRICEAL T B IC D VWTEEL,

Fig.3-27 \ZHERXMICRT & 910, BWREEEIA L Y EETH L0, )
7 ORBENEEIE Walden BI X 0 . ROBHEIC Lo THRENSE 2 Elh b, o T, REM
OB FALAEFHECHRT 5 L. ROMBIIETTL20T, F¥ ) TERBERILEATS
EF IS, f

FRICH LT, B EESEREMTHNE, dy EV T RERRETHE. 1V
T RIS T REEEICR CKET BT THh D, ito T Re RILKFEHTART 5 &,
70-PBT-S12 5 FRIOMEEEA B DT, BHEIMETT2b0EEA16N5, LEDZ
E5 5 70-PBT-S12 D& A% RALKEH THM LB O X v ) T REEORILZ E
TIE.BTEEL 4 4 VEEDO LS SRS EERE RO R TE L LE R T

2T, AADOEFHEESRILAE n-dodecane 12X AL, TOF FEICL Y.
BRI S BEEOELERE L,

66



U / Ar’?@

Hopping conduction Increase of intermolecular distance

—— decrease of mobility

\or g
Mﬁﬁ Mr) ‘\{?g-»

—— increase of mobility

Fig. 3-27 A model scheme of dilution effect in 1sotropic phase with hydrocarbon
liquid. In a case of electronic conduction, increase of intermolecular distance should
results in decrease in carrier mobility because they are determined by intermolecular
electronic correlation depending upon intermolecular distance. In contrast to
electronic conduction, dilution of the isotropic phase with non-viscous hydrocarbon

liquid should give increase in mobility because of decrease in viscosity of the media.

Fig. 3-28 IT/R Y L IS, EHEFF ¥ U 7 & b ic, P L DI T 4 2 10w,
BEESEALCTRL IS D 5, SOHEDI L, KROEHHTOESIZEEME L 1 o+
YEETHDEEZ BN D, o T, SHMTORBBEOREMA D 518 & NI FEHAL
TANVF—=0.3 eV FEHMOMMEDRERIEY:, Thbb, HEARIEROENRLS &
WE=TFIB L TWE EEZ 51D 8),

() v (b)
120
t=0.12ms | p=6.7X10 *ea?vs 50
v t =0.08Mms p=10X10 *cm3Ns
100 ‘I t.i=.0.21.ms.... 4. =3.8X10. cm Avs P

N\ ° A
- H ‘ \ 40 4t =010ms:  p=81X10{" cm Vs
< 80 bl —_ )
3 TRV ~ %, 2
= S { [} \ 3 A\ » t =0.15ms  p=54X10 7 cm*/Vs
S L i y L=odsms pretaxie*emivs £ » Yoowr
-
£ wptid : A
8 \4/ \| 3 .~ \ \
2 0N v }n.(_ ~——70-PBT-Sizdodecans (1:0) | | 2 a2 [ W\ :
£ \\“’,1" \ ~— 70-PBT-S12:dodecane (1:1) 8 N ——70-PBT-S12:dodecane {2:1) .

W\ — - 70-PBT-S12:dodecane {1:2) o A\, -—70-PBT-$12:dodecans (1:1)  |.
A L AN ~ — 70-PBT-S12:dodecans (1:0) | -
20 I - 10 v
oS TN \
“\"E\ \ \ N
= “""-hﬁﬁ;—b%M ™,
0 : M e sy
o 0s 1 15 2 0 '

i 02 04 0.6 08 1

Time ( us) Time ( us)

Fig. 3-28 Transient photocurrent curves obtained in the isotropic phase dlluted by
n-dodecane at various concentration. (a) for p0s1t1ve carrier  (b) for negative
carrier. Wavelength of excitaion light was 337 nm, the sample thickness 9 pm, and
electrode area 0.5 cm?2.
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PLEOBRIH S, EHMTE., BFEEHNLRNTHS SmA HEREY, /4
FEIHET LTV RPP S L Bo e FHME SmA MEZHET 2 L. SmA i3
LA (. ATROBTHEOE: ) 5K X\, 5T, SmA MOE) BEFE
it @BAERNS, A4 VEEICEARFTNC R D EEZ NS,

3. HIBDILYD

DEOWKE»S, KRTIE, PFRAOCAHEEICL D, BIEEEEZO S OHFEAL
L. BFERAZAET 5 SmAMICBWT, BIHENE LIRESNLZEPFHLNE R
otre TOMERIZINT T, HFE, HHVIIHFEMRE LT Fbh T EBEMEHT,
B S F R ATEERNEBEE NG TELEWV) T ERRLTBY, M
T A, EH LA LIRHAOWREEZHLPICT A I EDTET,
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545 2-Phenylnaﬁhtahalene M D 4 TFERET & TR AT S

WMEBTHRL LI, FFRAZETIAAZ T4 v 7HICBWT, BRED
S BIIDBATIBEATET L, F ¥ U THEFESERD T TN 7 7 AMAREEHF
CHARTRBCHET 52 L 2 RVH L, ORI, BN 2« B
LEBHONTTHoTH, HHMTEHSTREATSZ LK), SFHO - BFHE
NDEZYVIFKELEN, D, TENT 7 AMBCHELHEEN., A VF -0k
disorder ZMER X N5 720, MBS OBEAICHM L2, S FHOBEMEE IR RN
ATT B 7m0 EE 2 b, AN IERDOART TNV 7 7 ALERTIIERT
X o BRI R A TAETFOLAFHESNS,

O CHIBE L 22 5 Dld. 70-PBT-S12 @ SmA 2B\ Tid ks — IV D A D3E
S, BFOHBRIBAIN VI ETHS, —KIZ, TENT 7 ARMEREMFHS
BOTIEA F VLR T v v v VoK EE R -V 2 EFRAD OKRE LM EHTE
FREET DL SHTWAA, T0-PBT-S12 D4 4 LHEF ¥ ¥ v Vid 5.4 eV Th
D, A— VEEMEBE L TCHH &L TWw23 polyvinylcarbazole (5.3 eV).
triphenylamine (5.4 eV)4 & FIRBETH 5 D, ZNIHT, EFHMNNIX 2.0eV T
Y. BIFHEME L LTH S N5 trinitrofluorenone (3.8 eV), diphenoquinone &%
HAK(3.9 eVITHARB L, THICKEVEIREZ VDD, polyvinylcarbazole (1.7
eV). triphenylamine (1.5 eMiIZlt5 &, L LAKEL, A F VMERTFY xR
BEFBMPORKEEELFLL, WEINEF v TOFFRBHE ISR L TWER
Vi, ZORERIE, fER. TENLT 7 AMETHEY Lo TELRBRHIAEARTIILT
LBz L 2T 5, BTEEME. & — Vi e o) 5 ZRITH,
EV ) BRI E L TR S, \

$7. EEHAAMOEER BV TiE, REOMENSTHCEIT UL, T
HOBREREIETT 2HSAONT WS, Fl2 i, BEREOBARILEWIZIBNT
i, n BFRERIPNRNVEY, STV, T IRV TEIRY, RUTEY
EHALTH, F. A, WEHFOBEIEI 10! cm2/Vs D4 —F—T, K& CELL
v, ZOERIL, BERTOEMRRXICBW L., BRFRAFEISTLT, 0F—
DHI) DBEFHIGWE LY b, FTFORMBKF LNy XV IBFLY)REREELS
ZTWBEWIFEEREL TV,

WETOHM L2 LIS, A A2 T 1 v 7 T ORMIEEIFES B & 0%
FM oL TB Y, MEHIcBVwTh, MELZ T RIF AT E L, Bk
TROLND L) ZliEEOBWHEIET T DL MFINS,

CORSEIE. BHECLEETH D, Fig. 41 ITRT IS, A—LDEHEL
T, BT LWL T X 2B ENRXA N, SR BB ERELE T B
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BRI v — BT 5 ECHEE AR TH 2, B2 i3, BRELETICBW
Tk, BRSO SEASNL RV EBEFFEFHNBCEESTLHICLY . kT2,
o T BIBEORAEEZBL-OICEBERE VIEASR S v U T ERB~EL ¢
WMET B LEND D, LIHH, @FE. COHMAVSNEERT EL T 7 2 kM
KZE =V, HDVIEETOEDL S LKL T & 2 WEBO BN ETH 2,
TDD, BE, S VLB, BHE. BFRLE 2B LB 754 A
RLEET DY, ZIT, b LY EREE OO BITHRAE % B\ 2 BT X
T, BEE A BA ClERS A S b MR RO BRERET EHCE 2 b0 LSS A
bo ZOFERAHELENL I —TORLTH D, BBENETER L5+ 7
DI D BRI S NAUTHVER N GBI B L 22 B AN S, LA L.

ZIT RAOF %) 7 LABESRRVEAE. SRS hv—F 0% v 1) 7hizs
MEM AR L. TEF v 7OWH%REHET S 20, BEEELEL D EEE %2
D, WH. ZOMBEEERT 57010, BF v ) TERE & BIHRE DS % LR
TSV & N5 45, HEED M 2 B E1C. RECOBMIEADLS L b [
EATE T IEERE LRI RRE 25, 22 Ch, SBEIEO MR SRS
VB AT ENILE, minority carrier 12 X 2 BIHHEDOHER . B — 2
BABOFEADORMEZ BT LHENTE S,

...... > Hole transport

.......... #» Electron transport

:
—

+ - | -
recombination light absorption
light emission . . carrier generation
MM | | | e | |
hole [njection electrenlinjection \4/?
N

Single layer EL device Single layer photosensor

Fig. 4-1 Ambipolar carrier transport materials and their applications

ABECTIHA— NV EEF LMWL TE AR LEROBRREE L. FFNICF T4
L Y ERAL % & D 2-phenylnaphthalene 8 K % %5t L. Z0OWHEHE 24T - 7=,
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1. MEER

INET, A4 MERT VY v RO R — VR, BTBAARE
HEHEBT AT 5 L VI BIME ZTARLRTB Y TEN T 7 ARAEE
BOFTE D ZOEXFIHIETbRTER, L L, —IZ. —20O5FFDA
FALRT v ¥ v VOER & BFBEAD 0K FRICERY 5 DIXHEETH %, rd
5T HHET BN T 7 ABRMEM BN o TS 2 &, B—0REC g ko B
EHFEBECE MGV, TEEEMRSEERT 520100, L. 72, (e
RFEETE L OOMBEHVLILENS Y, EHTELAE LT, TS RTH
% trinitrofluorenone — polyvinylcarbazole 2WHIL N TWAEDATH o729, & D
2BV TiE, & — VAT carbazolyl 2%, BT trinitrofluorenone 55 F & & v ¥ 7
LCEMEEISEIT L, Wd v 7TOHEINLEF v ¥ A NVIXHIA THS 9,

ZRCx LT, EERLA W O g T, E—ORE T Wit O B E% L
ZPXNTWVDE, Ry ¥y, FIFLY, TY IRV Ty XYLV
COBEBILAWOR L LT, K v — P T -V L#EE L e, Y TRENT
MR — W OBREHIIBWT S, A=, BFHIZ, 100ecmVs DA —F—DF v
TREBEZRTZEPHESNTNS 6,

FIT EBTENT 7 ABKRTSIT ARS N T & I EERET O 2 VT,
AR 7 F v 2 KT ORAE S 2 BAEESECER U, WREOBEHEIETT %
ERBAL S OB I L THERREI 21T o 720 Fig. 42 ICRT LIS, 7775
Ly 7y roEvn k), #FREMICBWTHBEOBEREEZRTEHLE
mesogenic group IZHLAAM, WEMZFETHEICL o T, GRS TR Z
Bt Lo, MEEOBMMELERT S L) HEERW,

h+

mesogenic group
' - ambipolar-carrier-
transport moiety

Fig. 4-2 Design of liquid crystalline ambipolar carrier transport materials
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1-1 SFRIOBAN B

Table 4-1 IZ/7R T & H 12, FHEHEICEWOHER (NV¥o, 7L v, T
FoEY, T8, BT, FAlE L CHRBEOBRHEIEIT L, &—
VEBTOBEEILIZIZF LT, 101~100em2/Vs DA — ¥ —TH s 2 LA 6N T
w5, :

& o Fx U7 751 R BB (cm?/Vs)
¥ ' BF a 1.5
>y L BT a 0.51
R—= N a 0.88
VA A A4 BF b 1.0
R b 2.0
| < BT c 0.5
- c 0.5
TxFT7I7 B2F . 1 1.7
k=N €L 5.0
B—7%usyv=v Bt c 1.1
b | c 1.4

Table 4-1 Ambipolar carrier transport in aromatic single crystals?

METHMLZL IS, ARAT T4 v 7 HCOBMREERIAET ELT 7

AERTOZNLY b, T LAHERERITEV, o T ~FORTFEET 2Vt
FEVALEWE WRAT XL, WO BRI ERCE 5 L PSR, 22
T GBI R A B R R M GERIERCH ) . B, BB BRI
AVBEZ T T IV R BEREHE LTHTFRIT 21707 T CESREEE5 2 57
D, FIIVDGMIITVIFIEE 2MICT I T 2o VA EA LT 2
(4'-alkylphenyl)-6-alkoxynaphthalene # &9 5 & &I L7z

Fig. 4-3 IZ/R L7z FEINERE, B L UERBRYSFHEFEICX 5 mole-
cular modeling DHEHRD H . 2-(4"-alkylphenyl)-6-alkoxynaphthalene {3 B M) &
W THLHENDDY . BEMHOERICEN LS FRKEZESO DL EZ LR,

Fig. 4-3  Molecular structure of 8-PNP-012 optimized by MM2 and MOPAC 93
(AM1 Hamiltonian) |
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1-2 SHOBE

S — POBFICE L TIE, WROAL LT RHPOBAICOER L,
SHOBH T, SRR REGPER LBV & AT YOG ARAL &V
ZrhEThHL, IS, EREBELIILE, SHRERELADERRTAIEN
S\, BV EEIMBRIG R Lz, RIELTONV— MIiE> TiTo 72,

0
AlCl3, C7His” Cl o) KOH, HaNNH; - Ho0
@"Br Gy vofiux C7H>-—<15 >—Br HO/_\OH . CaH17“‘< >—Br

86 % 73 %

Mg 1) B(OMe)s, -78 °C
cat—{_)Masr | — CoHt—(_)—BIOM:
THF, reflux 2) dil. HCI

65 %

jes!
OCHons1 cat. Pd(PPhg}s, NaCOg

DME - H,0, reflux

Q OCynHapst
W Ss

70 - 80 % n=1,4,6, 10,12

Fig. 4-4 Synthetic route of 2-Phenylnaphthalene derivatives

TUERVEVEHBEREL, 7V —Fh—2F7IRBICL Y TMEL
72#6. & F9 Y UEITEIC L Y pbromooctylbenzene % 1372, THIZEB< 7 A V7 A
VEH S, Yoy —VRHNE Lz, RYERMN) AFVEEHSETT ) - VA&
YEEAREL KWVWTHARIE DX, 77U —NVEATERE 2-bromo-6-
alkoxynaphthalene L %% v 71U ¥ 7 &¥, B L T5{LAWE RIFRINETHES
EMTE T,

Fig. 4-5 Optimized structure of model compound of 1-PNP-O1 with MOPAC 93
(AM1 hamiltonian)

Fig. 4-5 |25% L72 &7 VL&Y 8-PNP-O1 D 4 #+ »{bHF ¥ ¥ ¥ W (HOMO #E
). BFEFAH (LUMO #f7) % MOPAC 93 (AM1 Hamiltonian)iZ & Y §HE L7z
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EZB, LG TFDOA I ALET T ¥ VDS 8.36 eV, BFHH A 0.40 eV TH o
2 TOALFLRT V¥ ¥V, BLOBETHMSOfEIZ, 10-PBT-S1 DA+ 1L
KTV v V891 eV, BFHMD081eV LIV L/IEV, fEoT, HERDTELT
7TAMBTRIBENLON TV EEZ FICEDTIE, KRR — VIR ICEERTH S
VEFERIIAF LR THL LTSRS,

1-3 i E)

I —EDILEWIE, AR IZIZEHH —SmA 1 —SmB # — SmE # — wﬂn:aaq
FEVHHRTNZR L=(LAWIC L > CTit SmB #. H» 5\ i3, SmE M2 LA
Wo 72720, TNIAFIVEIAFVEDLEWICRY, £ baby s hi<wF v
BB L2,

1. RGBSR & 5 Mk

IRILEAMEIEI LT TId, Fig. 4-6 2R T £ 512, SmA AL SmBAHTIZ, Zhbd
DRI HFEIY 2 RRAAEATR & 172, SmE #H T, hexagonal lattice % rectangular
lattice (ZUHET 5 7201249 5 disclination line (2 & - TR & na ’ﬁﬁf%fﬁfﬁﬂ A
RAERERE, FROMIERE R % /R T 4-octyl-4"-hexyloxybiphenyl (K 30 C SmE
49C SmB 83C FHH) & EEHEREL & FVTHT o 720

Fig. 4-6 Micrographic textures of 8-PNP-O12. (a) SmA phase (b) SmB phase
(c) SmE phase of 8-PNP-04 Sample thickness was 9 um. o
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Table 4-2 ({43519 12 FEAROMIERIRE R T

8-PNP-O1 Iso (134C N 1287C) 141C Cryst.

8-PNP-O4 Iso 128 SmA 122C SmE 54C Cryst.
8-PNP-O8  Iso131C SmA 111C SmB 91C SmE 88T Cryst.
8-PNP-O12 Iso 121C SmA 100C SmB 79C Cryst.
5-PNP-O1 Iso (125C N 1127C) 181C Cryst.

Table 4-2 Phese transition temperatures of 2-phenylnaphthalene derivatives.

(N) means a monotropic nematic phase which appears only in cooling process.

WEROILEW S 50T H S 120CHE T, SmA 4. SmB A, SmE % 777 alkoxy
MERAYE < 7 5 1N T SmE HASHI 5 WHEIYLAT 2EMDD o 72, MHDE
HEENC X B disorder BV R LA TD FHROAA T T4 v ZHFBHALR T ko
TWwbHHDEEZLND,

2. X#EIFEICL BHEOEE

v 8-PNP-O4, $ XU, 8-PNP-0O12 O X#HEIHTOFER % Fig. 4-7. 8 IZ/RT, 8-
PNP-O12 i2BWTid, 110CTid, 0= 2.44° KBHERICTIET S E— 7 BR LR,
20° FHECBATOSTERISHIGT 2 — a3/ 5., 5 FERFIDS, BHTIRE
MTHAHILEZRLTBY, ZOMPSMAMHTHE I L0005, 80CTILEHIE
BT 5 6= 2.86° DY — 7 Dfiic, 19.32° 2. BN T hexagonal lattice %
RTE—238h, ZOMHNF SmBHTHL T LERLTWS, 8-PNP-04 2B\ T
X, 128CTix SmA HICHFAE L EHF/NY — %o, 3.18° ICBEREITET 5
BRSNS D5, 100C T, BRI T 5 BIFTHLT 8.14° IZBA B DI,
18.6, 20.6, 26.0° {2, A A7 T 4 v 7 BN TOSFTFEMRE 2R §EFHEIB LN
5o ZOREPTHIL rectangular lattice DFEZRL TH Y, SmEHFEZL Tnb
ZEERRLTVS, |
BREEICHGT s EFAE» SRBEREZ KD 5 L, 8-PNP-012 O SmA H
(110°C) T 36.1 A, SmB #H(90°C)T 37.4 A, 8-PNP-04 ® SmE #(100C)IZB VT,
281ATHY., FRHZFROSTE 355 A, 264 AICITIT—HLTVWE, ZDOIZ&Hh
b, IRODMEDARAZF 4 v ZHTEASTIIEVICE U HH % EW TR L Tw
LENbDPSB, F7-. 8-PNP-012 @ SmB HIZ BT 5BADRBEES T B 4.6
A, 8-PNP-O4 ® SmE #T DR MR B F RS 3.5 A L o7z
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Fig. 4-7 X ray diffraction patterns of 8-PNP-O12. (a) SmA phase (110‘;C‘)‘,3“ low :
angle region (b) SmA phase (1107C), high angle region (c) SmB phase (SOJ ), |

low angle region  (d) SmB phase (80°C), high angle region
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Fig. 4-8 X ray diffraction patterns of 8-PNP-O4. (a) SmA phase (128C), low
angle region (b) SmA phase (1287C), high angle region  (c) SmE phase (100 C),
low angle region (d) SmE phase (100C), high angle region

DTOMEIZBWTIE, SmA & SmB MASHEL VW CEEICHIRT S 8-
PNP-012 # W THRI %17- 72,

2. 8-PNP-012 Oy 7
2-1 b

Fig. 4-9 |2 8-PNP-012 OWINA R T bV ERT, BT CORIUE KL 330
nm, 300 nm (2& o 7z, BEFTE, 1ZIFFE LT, BIUEKREREIE 300 nm, 330 nm

THholzo FHM. SmAM, SmBHTRINARY FVORIK, BIUBREEEIZL
AEEIL L 2h o7z,

@ 2 ’ ey ® 3 = ey
‘, ——SmB phase (90°C} e

N / E- I ~—SmA phase (110°C)
/\ . 2 / g At e pic phase (130°C) }-~
8 1 I \ |
1
0.5
)\

200 250 300 350 400 450 500 550 600 200 250 300 350 400 450 500 550 600
Wavelength (nm) Wavelength (nm)

oD
=

0

Fig. 4-9 Absorption spectrum of 8-PNP-O12. (a) in CH2Clz (107 M) (b) in
condensed phase in quartz cell whose thickness was 2 pum. ’
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300 nm. 330 nm OWIEANE R T BBICHE LTV, EEEEORIEF
T7E LV VROBHBREICHIELTWALDEEZ LA,

_—
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~

(a) 140 800 c T i
120 700 Fil 90 °C (SmB phase) |
= S 600 i ~~110°C (SmA phase) |
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Fig.4-10 Photoluminescence spectrum of 8-PNP-O12. (a) in CH2Clz (107 M)

(b) in condensed phases in quartz cell whose thickness was 2 pm.
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Fig. 4-11 (a) Current response to UV light illumination (b) I-V characteristics
in SmB phase (90 C). ITO/ITO cell was used, whose thickness was 9 um,
electrode area 1cm2. Wavelength and intensity of excitation light was 300 ~ 400

nm and 3.2 mW/em?, respectively.
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Fig. 4-12 (a) Current response to UV light illumination (b) I-V characteristics

in SmA phase (110 C). ITO/ATO cell was used, whose thickness was 9 pm,

electrode area 1cm2. Wavelength and intensity of excitation light was 300 ~ 400

nm and 3.2 mW/cm?2, respectively.
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Fig. 4-13 (a) Current response to UV light illumination (b) I-V characteristics
in isotropic phase (130 C). ITO/ITO cell was used, whose thickness was 9 pm,
electrode area 1cm2. Wavelength and intensity of excitation light was 300 ~ 400

nm and 3.2 mW/cm?2, respectively.
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Fig. 4-14  Schottky plot of dark currents _in isotropic phase (130°C), SmA phase
(110°C), and SmB phase (90C). ITO/TO cell was used, whose thickness was 9

pum, electrode area lem?2.
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Fig. 4-15 Energy diagram of interface between ITO electrode and liquid crystal

layer.
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Fig. 4-16 Temperature-dependence of dark and photo-current of 8-PNP-O12.
ITO/ITO cell was used, whose thickness was 9 pm, and electrode area was 1 cm?.
The wavelength and intensity of illumina@ed light was 300 ~ 400 nm and 1.2
mW/cm2. (a) Linear plot and (b) Arrhenius plot of dark conductivity. (c) Linear
plot and (d) Arrhenius plot of photoconductivity.
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Fig. 4-17 Transient photocurrent in polycrystalline phase of 8-PNP-O12 for

(a) positive carrier and (b) negative carrier. ITO/ITO cell was used, whose
thickness was 9 pm and electrode area 1 cm2.  Wavelength of excitation light was

337 nm, and intensity 1 pJ/pulse.
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Fig. 4-18 Transient photocurrent for positive carrier in SmB phase (90 C) of 8-
PNP-O12. (a) linear plot (b) double logarithmic plot  Al/Al cell was used,

whose thickness was 11 pm and electrode area 1 cm2. Wavelength of excitation
light was 337 nm, and intensity 1 pJd/pulse.
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Fig. 4-19 Transient photocurrent for negative carrier in SmB phase (90 C) of
8-PNP-O12. (a) linear plot (b) double logarithmic plot ITO/ITO cell was
used, whose thickness was 9 pm and electrode area 1 cm2. Wavelength of

excitation light was 337 nm, and intensity 5 pd/pulse.

BEEE RO B 120, Fig. 4-20 2783 & 912, transit time (tr) Dk % i
2y BENV)/ (EVE@2 2 > TSIy ML, FOEEXD»SBEE R KD,
BONLZBBEI -V, BEF LI, IZIZFALMHET, 1.6X103 cm?Vs TH o 7o
Z DfEIZ, triphenylene FHEARD Dy #, B LU, 8 3 ETik-~<7- 70-PBT-S12 ©
SmA HTOR—-NVOBEEIIILE T 5, 72, F—)b, BRI, FHEITELSSE
HEMLICHY . BB BRME IR Ll o 120 BB BRI L 22
VW) IR, EROTEN T 7 AFRERTOERHEZF LR -THBY, &L
5\ BIE T2 70-PBT-S12 O SmA #HTORMER TV F I v, F75 LRy
DHEHEALE OB R TORMEITPU TS, T2, k=, BFLLICITTRALE
BETHE®RINE L), BER—V, HE5VIEIETFO—F LML ShiWn
BETEN T 7 ABME DR, §iZETH U772 TO-PBT-S12 DL ELL R L L, 20
HTh, KRD SmBHTOERN $auf§$%‘=1‘étci77§ﬁ%b‘é1 LA D MRS 2, SmB

87




HTORSTFERIAMIZL Y. F74 L V8 L., BERNREESER STy
rbl. BTOEREMETIAMPYOFENBOT/HIIVEEZZONL,

102

-—
2
NE 3 - bja eo © eso0 oe o4 > o
g 10
gt
2
E * o a9 ° e 0 s o 4 °
g 10* ® SmB +
- |l © SmB-{d g a TRy e 1 a
k] * SmA+ A
= © SmA-
[+ ® |so+
(&) 5 |8 iso-
10 —

o 210" 410* 610* 810* 110° 1.210°
Electric Field (V/cm)

Fig. 4-20 Field-dependence of carrier mobility in SmB, SmA, and isotropic phase
of 8-PNP-012.
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Fig. 4-21 Transient photocurrent for positive carrier in SmA phase (110C) of 8-
PNP-O12. (a) linear plot (b) double logarithmic plot = Al/Al cell was used,
whose thickness was 11 um and electrode area 1 cm2. Wavelength of excitation

light was 337 nm, and intensity 1 uJ/pulse.
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Fig. 4-22  Transient photocurrent for negative carrier in SmA phase (110 C) of
8-PNP-O12. (a) linear plot (b) double logarithmic plot ITO/ITO cell was
used, whose thickness was 9 pm and electrode area 1 cm2 Wavelength of

excitation light was 337 nm, and intensity 5 ud/pulse.
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Fig. 4-23 Transient photocurrent for positive carrier in isotropic phase (130 C)
of 8-PNP-012. (a) linear plot  (b) double logarithmic plot  Al/Al cell was used,
whose thickness was 11 pm and electrode area 1 cm2. Wavelength of excitation
light was 337 nm, and intensity 40 pJ/pulse.
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Fig. 4-24 Transient photocurrent for negative carrier under the same condition
as fig. 4-23. (a) linear plot  (b) double logarithmic plot
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Fig. 4-25 Temperature-dependence of carrier mobility of 8-PNP-O12:
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Fig. 5-1 Anisotropy in ionic conduction in liquid crystal materials (a) C.arr-
Helfrich instability. A hydrodynamical instability is induced by an anisotropy in
lonic conductivity of nematic phase containing ionic impurity under an
application of electric field?. (b) anisotropy in ionic mobility in nematic and
smectic phases. Ionic carrier mobilities were measured with TOF method in
homogeneous- and homeotropic-aligned cells. In contrast to the anisotropy in
nematic phase exhibiting larger mobility along the director, larger ionic mobility

was obtained within smectic layers in SmA and SmB phases?.
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Fig. 5-4 Conceptual scheme of metal oxide film formation with sol-gel method
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Fig. 5-6 Anisotropy in UV-VIS absorption spectra in (a) SmA phase (110 T) )
SmB phase (90 C). Substrate was quartz plate whose surface was treated as

mentioned above. The thickness was 2 pm.
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Fig. 5-8 Anisotropy in photocurrent response between homogeneous cell and
homeotropic cell in SmB phase (90 C) at 50V. UV light intensity was 3 mW/cm?,

wave length 320-380 nm, sample thickness 9 pm, electrode area 1 cm2.
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Fig. 5-9 IV characteristics in homogeneous and homeotropic cells in (a) isotrpic
(130 C), (o) SmA (110 C), and SmB (90 T) phases. UV light intensity was 3
mW/cm2, wave length 320-380 nm, sample thickness 9 pm, electrode area 1 cm2.
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b o, FOMIZ. AERAVE NV TOERLE —B LI, SHHETIISTFERIAIELEL
ZVOT, WV TBHEICECZRONEP>/2, LL, SmA, SmB Tt
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DY T F VAR S NI PATRI RV & Bz ) | BEEEL VTR, ¥ 7 F VRED S
DT TH Y, BEEZROL I EHFTERP o7,
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Fig. 5-10 Transient photocurrent curves in homogeneous and homeotropic cells.

Laser power was 4 pJ/pulse, wave length 337 nm, sample thickness 9 pm,

electrode area 1 cm?2.
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Fig. 5-11 Disorder in layer structure in SmA phase. A diagram depicting the
molecular arrangement in (a) the nematic and (b) the smectic A phases. In the
nematic phase, the molecules are randomly distributed so that any horizontal line
intersects the same number of molecules. In the smectic A phase, the number of
molecules intersected by a line varies sinusoidally with the position of the line,
being 50 % more than the average half way between. This represents a densitive
wave whose amplitude is 50 % of the mean density, which is far greater than what

actually occurs near the A-N transition in a real system.
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BAAEHREICS 2 2 BEFHESPICTE, $, FARRICRBSEEFEREOR
BB EOBEIIOWTHLAIITE LD LHFENSE, T THLNIHRE
LW SR Eg GEE., 2 ORMMEEATYS) 2RETHEICL ., HEEE
ffliDIEs & U THEFIIRLObDEREDbN L,

Fr, KRIEBWT, BWEHEBBLEETARICHEL 20, FYU7T
BEENRELCERBEICH LTUILALEKFLEWEV) T, £OH, TEN
7 7 AR MK CENHEEERTO® ) 2 FBE &% 5 disorder model. small
polaron model &% V1% Z AT E 2\, FWICL T, FRFHMES DL Y EV D
DL Ex b, SERD S MY E I L 2B O BRSO O BAEHERE
BT AEERT) ZENTMETHLLEEIOND,

2-1 g

BB L7z & 9 i, BEMEHIIER S C oMY, HERRETATEY . Bl
ENBETFWEIRE ( OBE. HREFOWEZRML TV HDTIRZE <. Al
MRS R BT & o THERE & AL G R BB O R 2 3 < RV T B,

Fig. 5-12 \OR 7 &£ 9 12, BFREICBWT, i & o TRER S h R
R DYBERHE B OB ML & ARBHER O/, & % i, HOMO & LUMO ORIZH ALK,
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HAMERICBVTIE, FA P I v 7 ZZHANRT, 44 ERT VS v Lt h
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BRI ORI b 7 v 743, BHICHSE Uk < % 5 (deep trap)s I ARV AIC
((shallow trap), ¥+ 7 HIRENTHLOH ISy ST 2 CORBBIZ S v T
DR SVAKIFT B0 BE, AAMFTFROK Y €V VLTRSS v FicES
LEFEIZEE IR 2%, fEo T, BRI 5y 78BIC L > Tt s ha
Z & 127 % (trap-controlled transport)!V,

Ly ty .

[}
electron transport ,X |
' shallow trap
‘ .
deep trap . b <<ty
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~ Hole transport

HOMO \\//\\// zgwﬁ\jffg\/faa?f\\//

Fig. 5-12  Scheme of carrier trapping process in organic solids
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FHOESTRO Tz — 7 85ME RT b0 LSR5,
2-2 BHEOMERLNE

F+1) 7 bF v 7 LT, dihexylterthiphene(DHTT)19% i 7z, D&MW
EAR A MG 8-PNP-O12 & ) /NS %A F MERT ¥ ¥ ¥ )V & RE RBTHA
HEFHL, A= VEBTF2RICHETLIIOLEZONS, T/, ZOLEWEFIZ
54 C ~ 85 CT SmB #Z/R L. 8PNP-O12 DG ZIEL I & & { RV iLE
FIRTRME L EDTERTH 5,

N (s
Host liquid crystal CgHi7 Q Q

2-(4'-octylphenyl)-6-dodecyloxynaphthalene (8-PNP-012)
cryst. 79 °C SmB 100 °C SmA 120 °C Iso

s s s
Dopant liquid crystal G0\ N\ T\ [ Ot

Dihexylterthiophene (DHTT)
cryst 54 °C.SmB 84 °C Iso

Fig. 5-13 Molecular structure of DHTT

A& DHIT % &1 8-PNP-O12 O¥— %l 215570, FBHILTO L5
WL TER L7 DHTT #8B8 L2 PV IZBEDP L, IBED 0.1 wt% DIEHEER %
L7z, COBEMERWE % LER 8-PNP-O12 IZ@M L. ML Tl —cEdr L
7ot WET 150CITINEA L . LB IS, BoNH—LRRmEB %S AM
W LT, ZHD ITO ERA S 2 2R VIEAL, WET 150CT 2 K
L., BEL EORENT A% EE L7z, DHTT BT 0.001~0.1 wt%D#EFHTE(L
347, '

2-3 SmBMHTOBRMEED Ktk

MECHERLL ), F v ) THEERROBRLHE, v ) 7TBEEOR A%
Z)ELDWTERDPoI2DDD, 8-PNP-012 ® SmA . SmB # CTid {m&E Pz
BHEZE SR ON, ThIE, AX 7T 4 v ZHIIBWTIE, BRFmICIE, &
ST D o T PEPEGE L C packing LTB Y  HBEDELZNVIIKELL L oTWnS
720 FFEOBMORY EY FPRIN 2T Lo TWAEDIIX L, BIZEELH
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RTHEARAZ 749 7 HOBED RTEMICHR L TWD, KETIE. ARA 2 54
v 7 T OBME@ZED RICH % ISR 2, |

i CHMLAL ) EKRTODARX Y 74 v 7HCIHBFEEICES Ry ¥
YTIREFET L TR DLEZONE, b LABWEFICEN 5 v IHEET R
i, BATHIA I trap-controlled hopping HHETHET T2 b DL ELLNE, Z Ok
XY ) THEEBRETEETS NIy TORIEF, ROXTHE 0 ETEE, + S
Y TIED 1 FICHBIT 53T TH S, 1EoT. SV TREED -V F5 v
REARTFED 5. SmB HTOBMIMEDORTHLZHS M ICT L HNTEL DL E
bbb,

2-3-1 W&HHIZBIT S trap-controlled hopping it

AREBEMEMEMEIIF YU T b v TRBENML 56 BT EENETT 2 12 5
. FY U TREROERZRT, SX V3 FHE R 7 LERORITFL. b5
Yy TEBRBETICHED &, WIS h b, Fig. 514 IRT ES 2. b5 v F7OgEs
PR EICRZIPOH Ty 7L, BURA MNSTFH%E Ry ¥V 745 (trap-
controlled hopping #18) o ZDHE. FA FFFHDF v ¥ ¥ FEM ) Ic K< T.
FIOTROLRANGFFAOB LT Y PEEREIDIZIFEL LY, ZOEIZ LS v
TOBRESIMIFT %o foT, T v TORERESNH BBEEEL UL, BT ES
u#?UT®F§77#B@%F5yTLﬁKlofﬁﬁéﬂélﬁﬂ&é AP
DBEBGEIIEF ) TREEL th, te. T v TIEEO UDH#UD transit time to. F2E)
Bpo. ENVEd, BEV, +J v FikELZHWT,

2 2 2
pod__ d _ dt' - M (5-2)
i, Vnlh, +1,C7) Vio(1+-£C) (1+tiC7)
h th

@l5t%éhéoZZT\yﬁ%@%ﬁ%%TN7X~&—T%503%%%?&,

UL n=3, ZRILRTHR 2, 1RTERATIX 1 L% D, foT, ¥+ 7THHED |
7 v TRERGF R ROIE, RORTUESHS 2k 5,
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Fig. 5-14 Scheme of multiple trapping process in hopping transport
2.3-2 TOFHECLBF %Y THEHED T v TREKFEEORE
KEITHRA B A, Fig. 5-15 (2R T £ 9 12, DHTT © HOMO LNV id 8-PNP-
012 ® HOMO LRV & D) $# 0.4 eV EWMEILH Y, F— VI LT, LT
v 7L LTH <, $o T, 8-PNP-012 icffi4 OigfED DHTT IZHML T, TOF

XY F ) TREEELRD, ¥ 7THBEED DHTT REKREEZ B Lz,

HOMO of DHTT

HOMO's of 8-PNP-O12 ¢ 04eV

Energy diagram of DHTT-doped 8-PNP-O12 system

Fig. 5-15 Relative location of HOMO levels of these compounds

Fig. 5-16 |~ DHTT i % 2L S ¢ 72RO EE BRI 3 2 BERBRBIE % R
¥, transit time %757 kink point 725 DHTT i2E A KT %12 L7z o T, ERH
Bz 7 P L, BHEMEFLTWS ISP L, WTHOBREIIBWTH, BE)
BRI B R ER IO KA, Mk 8-PNP-O12 & | UEB 2R L 72
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Fig. 5-16 Dependence of hole mobility on DHTT concentration. Laser power
was 4 ud/pulse, wave length 337 nm, sample thickness 9 um, electrode area 1 cm2.
(a) Transient photocurrent curves at various dopant concentration. (b) 1/tr - V/d2

plot at various dopant concentration.

KIZ, B O N/-BEEO DHTT EKRFEZR (5-2) 12585 T, fitting L 72,
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Fig. 5-17  Experimentally obtained hole mobility at various dopant

concentration and curve fitting based on the eq. (4-2). |
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s, F 1. EEMECIO L) TR R R ERT 5720 DdE M, o,
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F1g 5-18 Transient photocurrent curves in isotropic of DHTT/S-PNP-O12
(0.005 wt%) for (a) positive carrier and (b) negative carrier. Laser power was 4

Hd/pulse, wave length 337 nm, sample thickness 9 pm, electrode area 1 cm2.
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Fig. 5-19  Dependence of carrier mobility on electric field. (a) positive carrier

(b) negative carrier.
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Fig. 5-20 Transient photocurrent curves at 100V in various concentration at
130 C. (a) for positive carrier (b) for negative carrier. Laser power was 4

ud/pulse, wave length 337 nm, sample thickness 9 um, electrode area 1 cm?2.

510° oy 107 g T Y r
—_ * . " @ -@-Isa (positive carrier)
s aro® | 2 P°:‘_“!’° carrier > I-E—!so (negative carrier)l
NE" g NcE: 10
[%) S
K o . =
2 310 i = ZAXTOS GRivs = F - R
3 ™y ™| 1= & = '3 : 1
2 210° 2 E 1o°
5 p =22X10° énfvs &
E 10°% §
o )
010° ’ 10°
04 05 06 07 08 09 1 11 12 0 0.0002 0.0004 0.0006 0.0008 0.001
Electric field (10® Vem-1) dopant concentration (wt/wt)

Fig. 5-21 (a) dependence of carrier mobility on electric field. (b) dependence of
carrier mobility on DHTT concentration. Laser power was 4 pd/pulse, wave

length 337 nm, sample thickness 9 um, electrode area 1 cm2,
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Fig. 5-22 Temperature-dependence of carrier mobility in isotropié phase of

DHTT/8-PNP-O12 system. (a) positive carrier (b) negative carrier
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Fig. 5-23 ‘Transient photocurrent for positive carrier in SmB phase. (a) 0.05

wt% (b) 0.005 wt%. Laser power was 4 pd/pulse, wave length 337 nm, sample
thickness 9 um, electrode area 1 cm2,
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Fig. 5-24 Transient photocurrent curves for negative carrier at 90 C. DHTT
concentration was 0.005 wt%. (a) linear plot. (b) double 1ogarithmic plot.

Laser power was 4 pd/pulse, wave length 337 nm, sample thickness 9 pm,

electrode area 1 cm2.
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Fig.5-25 Temperature-dependence of hole mobility in SmB phase of DHTT/8-
PNP-012 system.
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Fig. 5-27 Transient photocurrents for (a)positive carrier and (b) negative carrier
in SmA phase (110 C) of DHTT/8-PNP-012 (0.05 wt%). Laser power was 4

‘uJ/pulse, wavelength 337 nm, sample thickness 9 pum, electrode area 1 cm?.
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Fig. 5:28 (a) Dependence of carrier mobility on electric field  (b) Dependence of

carrier mobility on temperature.
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Fig. 5-29 Dependence of carrier mobility on DHTT concentration in SmA phase.
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Fig. 5-30 Whole the transient photocurrent curves for positive carrier in SmA
phase (110 C) of DHTT/8-PNP-0O12 (0.0001 wt%). (a) linear plot (b) double

logarithmic plot. Laser power was 4 pJ/pulse, wave length 337 nm, sample
thickness 9 um, electrode area 1 cm?2.
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Fig. 5-31 The early part in transient photocui'rent curves for positive carrier in
SmA phase (110 C) of DHTT/8-PNP-O12 (0.0001 wt%). (a) linear plot (b)

double logarithmic plot. Laser power was 4 pJ/pulse, wave length 337 nm,
sample thickness 9 um, electrode area 1 cm?.
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Fig. 5-32 Transient photocurrent curves for negative carrier in SmA phase
(110 C) of DHTT/8-PNP-O12 (0.0001 wt%). (a) linear plot (b) double
logarithmic plot. Laser power was 4 pJ/pulse, wave length 337 nm, sample

thickness 9 pm, electrode area 1 cm2.
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Fig. 5-33 Dependence of carrier mobilities on electric field in SmA phase
(110 C) of DHTT/8-PNP-012 (0.0001 wt%).
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Fig. 5-34 Scheme of competition between ionic conduction and electronic
conduction in SmA phase of DHTT/8-PNP-O12
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Fig. 5-35 Temperature-dependence of carrier mobilities in SmA phase of

DHTT/8-PNP-012. (a) Concentration of DHTT was 0.01 wt% (b) 0.0001 wt%
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Fig. 5-36 Conduction mechanism in isotropic and smectic phases of pure 8-PNP-
012 and doped 8-PNP-012
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Fig. 5-38 Molecular structures of 2-phenylnephthalene derivatives
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Fig. 5-39 Temperature-dependence of carrier mobilities in isotropic phase of 8-
PNP-012, 8-PNP-04, and 5-PNP-O1. Laser power was 4 ud/pulse, wave length

837 nm, sample thickness 9 jum, electrode area 1 cm?2.
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Fig. 5-40 (a) Transmittance of linearly polarized light in Nematic phase. Cell

thickness was 9 um, and wavelength was 633.4 nm.
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Fig. 5-41 Transient phétdéurrent in nematic phase of 5-PNP-O1 at 123 T for
(a) positive carrier and (b) negative carrier. Laser power was 4 pd/pulse, wave

length 337 nm, sample thickness 9 um, electrode area 1 cm?.
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Fig. 5-42 (a) Temperature-dependence of carrier mobilities in nematic phase of |

5-PNP-O1. (b) Field-dependence of carrier mobilities in nematic phase of 5-
PNP-O1.
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Fig.5-43  Structure of SmE phase. The left figure means molecular packing
structure within smectic layers and interlayer correlation. The right figure
describes molecular motion restricted to flapping around the molecular axes.
(from Gray and Goodby, Smectic liquid crystals, Leonard and Hill, 1984).

9. SmE T D Fh L

Fm544c:&m&wmw%ﬁfwﬁ%ﬁw%mnme%ﬁ¢0H0%@#6

I B HE VB HWEEIZIE. SmA H (@) . B FAA v TClEdh B, HFiE

bR 2 SE4T I ERSY L 72 homogeneous femdsfgoh, o ORI DR IRHEEAD R

5b, SmEAHE (b) 28R LT SmA TR S i K x4 ViSRS S,
134




A ‘L\ SmE #f b:z‘al;\'C (X, SmA #HT® hexagonal #F 5% SmE IR 5 B ic
W95 7280124 U 7 disclination line %% { L E LTV 5, #EH (©)Tid SmE
HICBWTHREIN TV FA 4 VEEEISHEE L., B LESRD S 2 5 S5 S IRE
Ll b,

Fig. 5-44  Micrographic textures of 8-PNP-O4. (a) SmA phase (125 C) (b)
SmE phase (100 C) (c) polycrystal phase (50 C) The cell consisted of two

ITO-coated glass plates whose surfaces were rubbed with filter f)aper.
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Fig. 5-45 Transient photocurrent curves in SmE phase (100 C) of 8-PNP-012.
Laser power was 4 pd/pulse, wave length 337 nm, sample thickness 9 pum,
electrode area 1 cm2. (a) linear plot  (b) double logarithmic plot
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Fig. 5-46 Transient photocurrent curves in SmE phaée (100 C) of 8-PNP-012.
Laser poWer was 4 pd/pulse, wave length 337 nm, sample thickness 9 pm,
electrode area 1 cm2. (a) linear plot  (b) double logarithmic plot
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Fig. 5-47 (a) Field-dependence of carrier mobility in SmE phase of 8-PNP-04.
(b) Temperature-dependence of carrier mobility of 8-PNP-O4
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Fig. 5-48 Comparison between transient photocurrents obtained in various |

phases. (a) for positive carrier (b) negative carrier Sample thickness was 12

pm, and wavelength of excitation light 337 nm.
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Fig. 5-49 Transient photocurrent for positive carrier in crystal phase of 8-PNP-
04 at 50 C. Laser power was 4 pd/pulse, wave length 337 nm, sample thickness 9

pm, electrode area 1 cm?. (a) semi-logarithmic plot (b) double logarithmic plot
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Fig. 5-50 Transient photocurrent for negative carrier in crystal phase of 8-PNP-
04 at 50 C. Laser power was 4 pJ/pulse, wave length 337 nm, sample thickness 9

pm, electrode area 1 cm?  (a) semi-logarithmic plot  (b) double logarithmic plot
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Fig. 5-561  Contraction of hexatic lattice in SmB phase resulting in rectangular
lattice in SmE phase on a smectic layer. Circles in SmB phase means perfect
molecular rotation around the molecular axes. Ellipses express restricted
flapping motion around the axes in SmE phase. Consider that there are three

possibility in shrinking direction in hexatic lattice.
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Fig. 5-52 Formation of disclination lines at the phase transition from SmB to
SmE phase in a homogeneously aligned cell. A domain in SmB phase is divided
into some sub-domains spaced with disclination lines because of arbitrariness in

contraction direction of hexatic lattice in SmB phase.
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Fig. 6-3 chemical structure of fullerene derivatives, (a) Ceo and (b) Cro
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Fig. 6-4 Micrographic textures of Cro-doped 8-PNP-012 (a) SmA phase
(110 C) (b) SmB phase (90 )
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Fig. 6-5 Absorpfion spectra of (a) Cro in toluene (108 M) and (b) in 8-PNP-012 (1

wt%) Samples were quartz cells whose thickness was (a) 1 cm and (b) 2 pm,
respectively.
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Fig. 6-6 1-V characteristics of C7o-doped 8-PNP-012.
SmA phase (110 C) (c) isotropic phase (130 TC).

steady state light illumination. Sample thickness was 9 um, electrode area 1 cm?

(2) SmB phase (90C) (b)
(d) Current reSponse to

’

wavelength 450 nm, light intensity 5.8 mW/cm?2.
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Fig. 6-7 Photocurrent spectra of Cro-doped 8-PNP-O12 in SmB phase at 90°C.

Sample thickness was 9 pm, electrode area 1 cm2.
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Fig. 6-8 Photocurrent as a function of light intensity in SmB phase (90 C).
Sample thickness was 9 pm, electrode area 0.16 cm?2.
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Fig. 6-9 Transient photocurrent curves for positive carriers in SmB phase
90 C)of Cro-doped 8-PNP-012 (1 wt%) when ITO electrodes were used. Sample

e was 15 pm, illuminated area 1 cm? wavelength of excitation pulse 590 nm, and
light intensity 10 pd/pulse.
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Fig. 6-10 Transient photocurrent curves for negative carriers in SmB phase
90 C) of Cro-doped 8-PNP-O12 (1 wt%) when ITO electrodes were used. Sample

thickness was 15 pm, illuminated area 1 cm?, wavelength of excitation pulse 590
nm, and light intensity 10 pd/pulse.
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Fig. 6-11 1/transit time as a function of V/d2. Sample thickness was 15 pm,
illuminated area 1 c¢cm2. (a) wavelength of excitation light was 590 nm. (b)

wavelength of excitation light was 337 nm.
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Fig. 6-12 Comparison between transient photocurrents in Cro-doped sample
excited by visible pulse (A = 590 nm) and non-doped sample excited by UV pulse (A

= 337 nm). Sample cell consisted of ITO evaporated glass plates, whose thickness
was 15 pm.
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Fig. 6-15 Luminescence quenching by Cro in 8-PNP-O12. (a) photo-
luminescence spectra in isotropic, SmA, and SmB phases. (b) PL intensity as a
function of Cro concentration. Excitation light was an emission at 356 nm from

high pressure Hg lamp.
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Fig. 6-16 Transient photocurrent in thin LC cell containing Cr-doped 8-PNP-
012 (1 wt%) at 90 C (SmB phase). (a) in forward bias (b) in reversed bias.

The cell thickness was 2 um, and pulse intensity whose wavelength was 590 nm,
was 4 pd/puls.-
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Fig. 6-20 Elecroluminescence spectra, their dichromic ratio, and photo-
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Fig. 6-21  (a) I-V characteristics and emission intensity as a function of applied
field, of single layer-type EL cell based on dye-doped 8-PNP-O12. The cell
thickness was 2 pm, and electrode area 0.5 cm2. (a) SmB phase at 90C (b) SmA
phase at 110C  (c) isotropic phase at 130C
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