SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

XY IOTY—INFEEREISTI/ VT IGE
FREDBITLEDFERICEITEZNMR—F—
Fr—UF v ) vEERE
B, 1HBE

MK FERERBESETIEZMERMBIFARIFZEIR

IR, EiE
AR SRR AE TEHRNRER ISER

B, BX
MK RZ ISR T SRR BRI EER

wmik, BE
AMREREHERARTSHRNTRAR TLER

https://doi.org/10.15017/17342

HIRIER : W KEXRZMEETZ®RE. 16 (3), pp.287-293, 1994-12-01. AINKFEKRFFRHRESET
FHER
N—o30:

HEFIBAMR

. KYUSHU UNIVERSITY




Engineering Sciences Reports, Kyushu Universit;
(KYUSHU DAIGAKU SOGORIKOGAKU KENKYUKA HOKOKU
Vol. 16, No. 3 pp. 287 - 293 DEC. 1994

FFEYITS—INEEEARLETTI )TV T )
FEARETSHE - ESFEBEICBITS
INAR—F —F % —IF %) VEgyAET

m oA & BT BOLE OET

& B

K wm OBoAE B

(ERL 6 4E 8 A30H H)

Bipolar-charge-carrier-transporting characteristics in polymer thin
films doped with oxadiazole and diaminodiphenyl derivatives

Hiroaki TOKUHISA**, Masanao ERA™
Tetsuo TSUTSUI* and Shogo SAITO*

Electron and hole mobilities in ternary solid solution films consist of electron-transporting oxadiazole de-
rivatives (OXD's), a hole-transporting diaminodiphenyl derivative (TAD) and a polycarbonate (PC) were eval-

uated by the conventional time-of-flight technique.

Electron mobility in the solid solution films was increased

as OXD concentration while the hole mobility was enhanced with TAD concentration, demonstrating that elec-

tron and hole transport in the films was dominated by OXD and TAD molecules, respectively.

Further, bipo-

lar carrier transport was confirmed in the ternary solid solutions.  Typical electron and hole mobilities were

3.5X1077em? V™'s ' and 1.0 X 10 7cm?® V™!s™ !, respectively.

Owing to charge-transfer complexation of OXD

and TAD, however, the electron and hole mobilities in the ternary solid solution films was less than one tenth in
comparison with those in corresponding binary solid solitions, hole mobility in TAD-doped PC and electron

mobility in OXD-doped PC.
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BET®AEARE LTl Fig. 1 1R Y 359 OXD
#H w7, OXD i #n #£h, 2.(4-Biphenyl) -5- (4-
tert-butylphenyl) -1, 3, 4-oxadiazole; PBD, 2, 5-Bis (1-
naphtyl) -1, 3, 4-oxadiazole; BND, 2, 5-Bis (3-methoxy-
phenyl) -1, 3, 4-oxadiazole; BMD & B&$ %. sk— Vg
#EMEHE TAD (N, N'-Diphenyl-N, N'-bis (3-methylphe-
nyl) - (1, 1"-biphenyl) -4, 4’-diamine) 3 & U&7 F ik
ELTHWARY 7 — K% - PC O#EERD Fig. 1
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Fig. 1  Molecular structures of oxadiazoles (OXD's),

a diaminodiphenyl derivative (TAD) and a
polycarbonate (PC).
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Fig. 2

Time-of-Flight measurement apparatus.
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Fig. 3  Transient photocurrent profiles due to hole transport for 25 wt% TAD in PC (a) and elec-

tron transport for 20 wt% BND and 30 wt% TAD in PC (b).
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Fig. 3 (a) 1 TAD % 25wt% 8L 72 PC HE DK —
VBENCET A BEXRER TH S, RERBEFICIEH
7 b—WMAaFrBRUAEhTwE. ZoZ ki, &
DFBEIZBITHF v ) VERED, T+ )Yy 7 28
DHHE L > TEETH VDO AIEFHEDF » ¥ ¥
JIEETHHIERRLTWS., Z0LS Rk,
AEAOF v ) YERICETS L7 v TEEIEEIC
INEWVIEE (B BV I trapfree DIFE) ICBHEIE
B Z0BE, KBROTS Mo srndi s

B (AHREENCR L 22 5) PETER tr 12HET 5.

ZHRIZH LT, BERO LT v TEENEVIEAICIE

FrUVRSHEOK ¥y 7 EELRL, BELE
Wid Fig. 3 (b) DL I ICHEBFLBERER L 25, 20
%A1, Scher & Montroll D EATEEICHEY, BRRE
DI E A IS ER OB EMEIC L 5270y b
OERERE O ER & REFBHOBER O S X EITHE
B tr 23k0 7z (Fig. 3 (b)) PEARBE)Y, Zo0k
L TRDZ tr oK p=d¥ (tr V) 2V F %
DYBBE kRO 22T, dRBEBEE, Vi
EIMEETH 5.
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Fig. 4 |2 OXD B X UF TAD ®* 8L - T 08
BEOETITBHE . BLOR— VEBEIE #, OHK
KEE®RY. AWz OXD ik #h£h, a) PBD, b)
BND, c) BMD T&» %. WTFho OXD ¥ Hwi5é
IZBWTh, OXD OEIEHFHEMT % L BETREES
F{%Y, TAD DEIEHFHKRT S & k- VEBEIEL
Bl hoTwh, D2 LSS, BFIEOXD 5F%
F—Vit TAD #F % _ v ¥rZHh 4 e LTIREL
TWhH I Edbhnh, &5, HMELLA OXD ! TAD
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Fig. 4 The dependences of electron (open circle)
‘ and hole mobilities (open triangle) of OXD
TAD(wt%) and TAD in PC on dye concentration, where
50 40 30 20 10 0 total dye concentration is 50 wt%: a) PBD+
-4 T T T T TAD, b) BND+TAD and ¢) BMD+TAD.

i R—T—F ¢ ) VEEREERBTEL Z LIRS
o~ L7z, Table 1 {2 OXD BX W TAD # # 1 Fh
—.; -6 A O 2/wt% AL - BEEO ¥ v ) YRBEE
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| . ‘ | carbazole (PVK) #[E® 5 X ¢ 3, 5-dimetyl-3’, 5-di-
0 10 20 30 40 50 tert-butyl-4, 4’-diphenoquinone (MBDQ) & N, N, N’, N*-
BND(wt%) tetrakis (m-methylphenyl) -1, 3-diaminobenzene (PDA)
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Table 1 Electron and hole mobilities in molecularly
doped polycarbonates; (in case of ternary 03 i
solid solutions, concentration of OXD and sk 02} 1x10™mol/l
TAD are identical with each other and 25 o | 2x10%moin |1
wt%). The electric field was 7.5 X 10° 8 r 01r
Vem™. 3 0
o -
Dye Electron mobility ~ Hole mobilit 2 PBD ——
(em? V717 cm? V"lsvlg, 2 TAD  ==---
PBD+TAD 1.3X1071 6.0X10"° PBD+TAD — @
BND+TAD  5.2X10° 1.0X1077 450 550 650
BMD+TAD 3.5X1077 1.0X1077 A (nm)
PBD 1.3X1077 - Fig. 5 (a)
BND 3.6X107 -
BMD 1.0X1078 - —
TAD -~ 2.8X107 ) 02 % | 1x10"mol
] 5 . | [
72 (TNF % 50wt% - #( L 72 PVK HIE T 4= g, =1 % 1x10"moll 0'; \‘\"‘
X10~7em® V-'s~!, MBDQ % 30wt% ¥ & (f PDA % =9 350 450 550
20wt % 9 EL L 72 PC-Z BREIZ B W T o= p, =3X1077 § BND -
em? V7isTY). < TAD ===
%kiZ, OXD-TAD "4 #E & OXD & % it BN?JAD—_ (b)
TAD DEESSEIEE O % « V) YEBIRE % B L T 450 550
#%. Table 1l 5bh5B LI, &F v YBEIC A (nm)
M5 3 2ERREERLTH2Y, WFhoTRSS Fig. 5 (b)
BIEIC BV T 20 F + ) YREBEIZERSSEED
BEEICHAKRECET LS, 37, BELER ,
DWFHH B L THD L, OXD BXU TAD Wi A4 OT{ : ,
DEBAH IS T L Fig. 3 (a) OMLIESEE D 3 Ty x107mon
WA E R TR0 LT, SHEASEBIE  § sp xI0°moln odpl
WTUETFBLUA— VT ROBES Fig. 30 © 5 e o
B HEOBRRABR S K S0l i, BES 2 BMD —_
SR ST RSB BT b T TEENE TAD
(o TWBILERLTVWS, OXD X U TAD BMD+TAD — (c)
HERERBVETEENS L OCETHRIMEALT B0 50650
WBIEHLEZLE, ZHEADEBIC BT 0XD A (nm)
SF & TAD 53F L PEMBBSEAEZ M L £ OBEH Fig. 5 (c)

BESERS Ty U YBBICRIH Ty T2
L, BEERKTO—D2OERELTELIORSE. Z
2T, BHTRFINA <7 P VvoflEs» S, 0XD 5
F L TAD 4F & OERBESEATER O REEIC DV
TRELTHL,

Fig. 5 12 OXD, TAD B XUMmE 2 &ML /2P0
OA Y VBROWINARYZ bVERT. PBD 8L
BND D54, BROBED 1X107°M & EVEICE,

Absorption . spectra of OXD, TAD and OX-
D:TAD=1:1 in dichloromethane (conc.=107°
M):a) PBD, b) BND, and c) BMD. Insets
show absorption spectra at concentration of
107* M.

OXD-TAD Y27 unu x % YiEBROWPNA Y b Vi
OXD BLU TAD #NFhoHEMoT sunxy v
BROWINA R P VOB LEREHLY TH o 7227,
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BROBEL IXI0*M IZELT5 L RIURDOER
FANCH LWIIR Y — 2 #58h /- (Fig. 5 OFEAR).
COLICEBEOBRIIBWTEH LWIRIY — 228
Hh/Z &id, OXD & TAD & OEMBEEELHK
2 REFTAHLDTHS. BMD OBEAITIE, PBD %
BND D& D & I ICRINA~ 27 b VIZEHREZ b
BN h o 72, BUEO R ORI AZE T 1
ATBY, Z0BEL LV OOENBEISEESTEMK
ENTVLDOTIREZVHFEELLRS, D EOKRED
5, OXD & TAD WEMBEEEZEET S Z & 4F
BRan, 2EIL, KETFHRIBOEEDLS, OXD,
TAD BL U Zh S OEFEESEED A + L {LET >~
TxVIp R, WMNARS PLVOFERLELEDE
TINSDHFOIFNF—MERR % /EH L OXD &
TAD OEMBEEEEHFERICF v ) YHEICE TS
M7y LR BRI D W TEEL /.

50.4

2 03 TAD ,0/
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g- 6  Spectral responses of photoemission yield of
PBD, TAD and PBD:TAD=1:1 in PC.

KEFHREOPERE L LT, ITO ZHER %
BRI AEMLIcBERE IS TEREZ ALY Y
J—bLAbDEAV. Fig. 6 {IRT LI, Ex
SR MBS L BRI S W B RETF o & Bt
FTAXDIANF-—DOEBE LTHEL, LEFHIE
FENEDLEHPHRIFINVF DL EWVENLSLA
ERF > vV Ip FRE LY. BEMR T Table
2 (Z7R$. Table 2 1213, Fig. 5 OWEINA <Y kv
RO -FBEB L OENREISE KD HOMO-LUMO
IANVF—-Fy 9 7 Eg* DED—HEIIRLTWS,
EFWHEEDO OXD D Ip EREFEERNFEER
WE LT 6.3eV Bl & TAD (Ip=5.6eV) £ ) b b %
NEWEERL/ .

PBD-TAD # & UF BND-TAD A9 BRIz
BWTiE, OXD H 5\ id TAD BB S OHIEL Y b

Table 2 Ionization potential Ip and HOMO-LUMO
energy gap Eg* of OXD's, TAD and their

charge-transfer complexes (CT’s).

Ip (eV) Eg* (eV)
OXD’s and TAD
PBD 6.30 3.49
BND 6.40 3.16
BMD 6.60 3.33
TAD 5.60 2.96
CT's
PBD+TAD - b.44 2.26
BND+TAD 5.52 2.20~2.92
BMD+TAD - —

EOIRVI RN F— IIRBEFHRBEO L & WEHER
ah7: (Fig. 6 2f8). Zhii, OXD & TAD L D&
WRBHEErSORBEFRLEICIZbDEEZ, 20D

LEWEL COBENBHEGD p OEL LA Th
RLT, BIRARY P VIZB Tk BB
HORILA R & niz & o 72 BMD-TAD 54 ki
BT, BRBESEES S OXBTF L % Bl
CTELh otz Shit, ZOEEDOBHBELAD
BEFEFED 072720, SEHOBETIIMHETE
BB bDEEZ TV,

PEORIZL TRk Ip ERSBHERBED
HOMO O T 3 )V F—H#M 2 LT B L2 b, Ip B
LU Eg* DELHVEERS L UCEMBEIHEFOL
AU F AR EER LS. 2016l LT, Fig. 7
2 PBD, TAD BXUZDEMNBEHEAEO T L F—
EARERT. SFoEECBITAEy ) Yk s,

0 PBD _ TAD CT-complex
vacuum-level
1 S
2=
S 28 A
L3 3.18
=
2
5 560 244
61— 6.30
M- e LUMO
—— HOMO
Fig. 7  Energy levels of PBD, TAD and their charge-

transfer complex in PC.
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OXD'~+0XD—0XD+0XD'~ & % \»id TAD *+TAD
—STAD+TAD* D LI LEFIoVWTET=F> 5
THWN, KR=NWIZOoWTEHIFF IV HINEBENE L
THMILLTEZ B E, OXD-TAD A9 H#EE
BUIABFBLA—NOBENICE b A ESHEMIE
Zh#h OXD @ LUMO 3 & U TAD @ HOMO & &
T ENTESL. 7 PBD & TAD DL R )V F—
HAIZDOWTATHRS &, TAD ® LUMO & PBD @
LUMO KW EWwZ A VF—HEIZH Y, PBD ©
HOMO & TAD ® HOMO £ 0 bW T AV F— &
IZd %, £oT, PBD & TAD @EWIZF ¥y U YT b
Ty TlRELRVWI ENFbYPS. ThICHLT, B
FREENEE{A D LUMO & PBD ® LUMO X 9 v
ANVF—MEBICH Y, TEHBHHEED HOMO it
TAD & HOMO L D b HWI AL F—(EICHSB. =
D Z Lii, PBD-TAD R4 AEUEIZ BV TEMBH)
HEPFETBLTA—VEHFOF VYOI T » T
o TWAIEARRLTWS., Thtel FABOER
X, BND-TAD Z“HAAEERICOWVTHITH T &a°
T&, %19 BND & TAD £ OEBWBEHMADL F +
VYR TA N T v TER B I ENRERE NI

% 7z, BMD-TAD A EEIC oW Tk 2 0 ERE
BIEERD L S5 v TER B EEHMBICORT I EMNTE
Lo tzh, FNEBEHBHSEEOBEINS WD
T, RREHVIDRIIBVTHENBEEEN NS » 7
ELTEEF Y U YBBELRTEETWEDTIER
W EELTVS, IORTOF + Y YREENKT
PO 2 DDRICHRT/HhEWT L ik, BNBEHENR
DBHEENFPNENZ EEFRBLI-DDIEEEILND
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BIFHEMO OXD BLUK— V%MD TAD %
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T—Fx—TF ) VEEEERERTHIEHFTEL.

I, FrUTBEBEORERTE,S, ETE

OXD 7 F % FK—NVIE TAD 3 F 2K v EVr¥ AL b

ELTRET A EHRER SR, LaL, ZHS5
MEEGTOXD & TAD 23+ 5 » 7 & 4 5 BHBE
BEAERT A0, 205 v U YBHEEGZ OXD &
A id TAD DEFGHEERO + v J Y BEEICL
B EFEIENETH o 7.
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