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Abstract

Organic electroluminescent devices are light-emitting diodes in which the active
materials consist entirely of organic materials. Recently, many fluorescent organic
materials have been reported and the study on synthesis and application of new
organic light-emitting materials has been demanded. This paper reports the optical
and electrical characteristics of OLEDs using novel polymers containing biphenyl
structure. First, Optical properties of novel light~ emitting bipheny! derivatives doped
with poly(9-vinyl carbazole)(PVK) are emitted blue, bluish green color, which is
attributed to the overlap area between PL spectrum of host(PVK) and absorption
spectra of guests(polymer). This is correspondent with Forster energy transfer
process in the blends. And, OLED devices were fabricated using poly
(3,4-ethylenedioxy thiophene) (PEDOT) as a hole injection material and
tris-(8-hydroxyquinoline) aluminum (Algs) as an electron transporting material. EI

- 179 -



A A22F 23 2004.

devices fabricated as ITO/PEDOT/PVK doped with bipheny! derivatives/Algy/Li:Al and
I-V-L characteristics and emitting efficiency of EL devices were examined. Finally,
the drift mobility of PVK doped with biphenyl derivatives and Algs were measured
by TOF technique varying applied electric field. EL efficiency was increased as the
ratio of hole mobility of PVK doped with biphenyl derivatives and electron mobility
of Algs was close to one.
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2-1. 9ot g
2 d7d £9 53 2 §7) dA 2% EAZ AL bi-phenylZ1E 7R R E

7H &2 3F S APAAAM AY g4 AHE s
g 9 n82 vlEY A (matrix) MEZ AMEE BAE 10000(X)°]”—°—] PVKQ} Az ¢
& Ag 2 23 AR 22 AlggE AldrichAl AEE AHEsIR e, AF FY Ar=2=
PEDOT;PSS (Baytron P, Al 4083, Starck GmbH, Leverkusen, Germany)% A3t
JrH Hz}
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Fig. 1. Chemical structure of materials in study.

2-2. N8 2 A7)

2 Aol Ap&3 Al Aldrich Chemical AFlA F)ate] AA glo] IZ ALE
st 2d 2 £u]2 AF&3% chloroform, bemzene, Dichlorobenzene, Dichloromethane
< Junsei chemical A}9] EFAI¢E AL&3IA T

Alge] 74 7]7]12+% DSC thermogram (DSC 60 SHIMATSU Co., Ltd.), 400MHz
'HNMR A#EZ(NM ECP-400 JEOLjt(Japan)), UV £% ZHEA (M-3150,
Shimadzu Co., Ltd), Fluorescence Spectrophotometer (F-4500 Hitachi Co., Ltd.),
cyclic  voltammogram (WPG-200 WonA-tech Co., Ltd), Electroluminescence:
current/voltage source (Keithley-238), optical power meter (Newport 818-SL), optical
detector (Topcon BM-7), Time-of-flight: nitrogen gas laser (337nm, 3-ns duration,
0.1 mJ/pulse), DC Power supply (Unicorn, VP300), Digital oscilloscopes (Lecroy Ct.,
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Waverunner LT 322)& Al&3le 43819

2-3. 2EA FTHA ¥4
2-3-1. 4,4’ -Bis-(methoxymethoxy)biphenyl &t 34 (1)

AT T2 ute Feladad 0celste AAESV] oA NaH® DMFY £ &
¥ F 4,4'-biphenol(3.72g, 0.02mol)& A 3] AH3Hdropping)d F, 0Col3e] L& &
FAFEAM 3087 ZHkst}t methoxymethyl chloride(3.65mé, 0.048mol)E DMFo| 314
A F4E AH3) HEstn H2oA 54 B¢ At & F FHFFH0E Fol W
$€ FEAIUY. hexaned} ethylacetate2 3 W8 AZAALE 9 656% F&9 A4
IA AGEES AU
'HNMR(CDCl;, ppm) : 3.3897(s, 6H), 5.2135(s, 4H), 70708—70923((11 4H, J=0.0215)

2~3-2. 3,3'-Diformyl-4,4'~bis(methoxymethoxy)-1,1'-biphenyl (biphenyl - interma diate)
9 3#4 @

A+ 52 vy EglAazo] 44 -Bis-(methoxymethoxy)biphenyl(1)(2.7g, 0.0lmol)%t
etherd] Y3 WutstEA A4 £97] e n-BuLi(25M in hexane, 9m¢, 0.022mol)
< HP3 FAo, A2AM 24 T wEkE F 0C 71X WZHA7l2 DMF(1.85m¢,
2dmmol) & HH3] Fgt, Flo] B T A27H &2 E &7 443 T atel
31 23 NHLCIF S 50mE Yol 9H3-& 284 71Y ethylacetate®} hexaneo & 43
AEPE ot 50% F€ 4 =34 12X AHES Iy
1I‘INI\’IR(CDCls, ppm) :3.4599(s, 6H), 5.4162(s, 4H), 7.3927-7.4147(d, 2H, ]=0.0220), 7.9331-7.9395(d,
2H, J=0.0064), 7.9615-7.9899%(dd, 2H, J=0.0064, J=0.0064), 10.4417(s, 2H)

1. NaH, DMF /
== 0°C, N, gas, 30min, stir I~ 0
HO— »—< —OH o~ o
\—/ |\ / 2. ¢ 07 o—/ \:’@
. /
4.4 bipheno! )
OMF, rt, N, gas, 5h, stir 4,4"Bis- (methoxymethaxy)bipheny!
(V]
1. n-Buli, ether OHC /
0°C, N, gas, 2h, stir Y 0
29 o _ rﬁ /)—o
DMF, r.t., Ny gas, 4h, stir o’ CHO @

3,3"-Diformyi-4,4"bis(methoxymethoxy)-1,1"-bipheny!

Biphenyl - intermediate
Scheme 1. Synthetic scheme of bipheny! intermediate.
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2-3-3. 1,4-Dichlorometylbenzene triphenylphosphonium salt (P1-interme diate)2} 34 (3)

At T2 E2t2a4] 1,4-dichlorometylbenzene(9g, 0.05mol)& DMFo| &4A3 ¢
T AEAA FEA E97] ZeElolA triphenylphosphine (30.4g, 0.11mol)2 M3 Y=
ok 100C oA 10A3 F)F Ak $ 2742 YAz dF A Eeh234 A7}t
< ether 500E WHHetAA WHEES HHs] Hojz=gd MA3 BN HAAo] ¥&d
o o] & S THIL ether2 97 A AAsty AN A FHREEL 5% FE&2
2 At 'HNMR(DMSO, ppm) © 5.14-5.18(d, 4H. J=0.04), 681(s, 4H), 7.66-7.92(m, 30H)

—

Ir o

CI\ — P(Ph)s DMF —= P’Phan-
\ 7 M o 'Brpha* p’/_<\:/’//

— Cl N, gas, 10h, reflux

1,4-dichlorometyibezene 1,4-dichlorometylbenzene

triphenylphosphonium sailt

Polymer 1 - intermediate (3)
Scheme 2. Synthetic scheme of polymer 1 intermediate.

2-3-4. 9.9'-Di-n-octylfluorene® T4 (4)

tetrabutyl ammonium bromide(TBAB)# 50wt%9] NaOH F&9-& Y1 wurst
A5 &9 T 1-octylbromide(19g, 0.lmol)E Y3l AL A 2417+ H¢F w3t
7t dEEo HEEES Fo wtgg FZF ALY etherE2 {VIE F& FF
MgSOs2 7Az33n "EH T etherE AAFAY, ©] ZHEES hexane2Z flash
chromatography & 3t £7]7F & FH3 Ao A7ES 2% F€2 AT
1HNIV[R(CDCL@, ppm) : 0.45-1.02(m, 30H), 1.32-1.35(m, 4H), 7.23-7.45(m, 8H)

2-3-5. 2,7-Bis(bromomethyl)-9,9’-di—n-octylfluorene®] §4 (5)

A7 E8t23d 9,9 -di-n-octylfluorene(4)(7.8g, 0.02mol)¥ paraformaldehyde& % it
mukstth, AL 297 4deEdlA HBr(30% solution in CH;COOH)E A3 FY3txn
60ColA 24217t F<F wRit}, ¥k F8 F LEE 42717 Boj=gly, I 49E
of A3 FYstd wr3& £2 AUt} chloroformo 2 #7]|&8& F& 33, 2 33
AHE T MgSO.2 Azt ¥EH F chloroform #AA33 hexanel 2 flash
chromatography & & 7|7} le FH3 Ao AAES 8% F&2 AU
'HNMR(CDCls, ppmy © 051-1.11(m, 30H), 1.35-1.42(m, 4HD), 4.62(s, 4H), 7.32-7.48(d, 4H), 7.61-7.66(d, 2H)
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2-3-6. 2,7-Bis(bromomethyl)-9,9’-di—n-octylfluorene triphenyiphosphonium salt (P2-intermediate)
o] ¥4 6)

A7 EgA A4 27-bis(bromomethyl)-9,9’-di-n-octylfluorene(5)(5.8g, 0.0lmol)S %
32 DMFE o}£3 943 %<2 * triphenylphosphine(5.7g, 0.022mol)& A3 i,
100C A 10717 Bt wwkst & 2712 WzhAzitk 27FE ether S00ME Lyt
A WgES HAS dHojmwW AMAM3I MY AAFo] HEFdrh olAE Y "HI
ether2 o2} ¥ AHstd A A AAEE 2% F&2 AU
'HNMR(DMSO, ppm) : 078-1.19(m, 30H), 146-150(m, 4H), 5.28-532(d, 4H), 691-693(d, 2H),
7.09(d, 2H), 7.63-7.93(m, 32H)

(\ “—  1-bromooctane, TBAB “C8H17  (CHY0), HBI(in CHaCOOH)
/ . \ ~
4 50wt% NaOH aqg., DMSO \\ 60°C, N; gas, 2h, stir
r.t. Na gas, 2h, stir =
fluorene 9,9'-di-n-octylfluorene
@)
‘BrPhy*P C.H
Bl . 8717 CgH,,
L 87 CoHyy I
S S P(Ph)s DMF L™
A N N refux 10n JESVA -
N 208s, reflux P*PhgBr
Br
2,7-bis(bromomethyl)-9,9'- 2 7-bis(bromomethyl)-9,9'-di-n-octylifiuorene
di-n-octy#fluorene triphenyiphosphonium satt
5
® Polymer 2 - Intermediate (6)

Scheme 3. Synthetic scheme of polymer 2 intermediate.

2-3-7. 1-(2-Ethylhexyloxy)-4-methoxybenzene2] ¥4 (7)

4-Methoxybenzene (12g, 0.05mol)& o}AEd] =< & AL E97] oA potassium
carbonate(10.4g, 0.075mol)& Yol £t} 30%3F 37F3F T 2-ethylhexyl bromideS HAH
3 FYst 12417 Bt #F gk wbgo] FREAW 25 & H47A ¥AAD & 4
Hatal |fmiE AA#G desidsE 330 @ ZEBE o] 8319 hexaneLZ &§FAA
FoE A4 ARE S 80% &2 U
IHN-N[R(CD(JB, pom) : 0.9344-09747(m, 6H), 1.3221-1.5909(m, 8H), 1.7146-1.7898(m, 1H), 3.7822(s,
3H), 3.8340-3.8360(d, 2H), 6.8598-6.8652(d, 4H, J=0.0054)

2-3-8. 1-(2-Ethylhexyloxy)-2,5-bis (bromomethyl)-4-methoxybenzene 2] 34 (8)
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1-(2-Ethylhexyloxy)-4-methoxybenzene(7)(10g, 0.0424mol)¥  para—formaldehyde
(64g, 02lmo)e THEN ALE FI3HAM hydrogenebromide (30wt% solution in
acetic acid 2024m0) S WA Figrh 12417 5% 60T 2wtd & AE7A] |
A7 AL BN AAHE Rev £9E AAE ¥ ethylacetate®} hexaned EF £
o} 2 flash chromatographyr—_: sle] A AAES 82%9 F&EE dAU.
'HNMR(CDC, ppm) : 09146-0.9516(m, 6H), 1.3232-1.3427(m, 4H), 1.4240-15758 (m, 4H),

1.7250-1.7848(m, 1H), 3.8639(s, 3H), 3.8733-3.8867(d, 2H), 4.5298(s, 4H), 6.8588-6.8669(d, 2H,
J=0.0081)

2-3-9. 1-(2-Ethylbexyloxy)-2,5-bis(bromomethyl)-4-methoxybenzene triph- enyl phosphonium
salt (P3-intermediate)®] 4 (9)

1-(2-Ethylhexyloxy)-2,5-bis(bromomethyl)-4-methoxybenzene(8)(8.2g, 0.02mol)& DMF
o €43] %2 % triphenylphosphine(10.5g, 0.04mol)& A3 Y1, 100C 77 &3
t}. 100C o]]}ﬂ 10A17F FoF wukst & A271x YA 2, 71 ether S00mE wwk
A WHEES A dojzald M3 A Aol HEFHT ol AL Tt ¥Hs
31 ether2 o2 ¥ A Hste] A AR AAES 5% T2 A
'HNMR(DMSO, ppm) @ 0.71-0.89(m, 6H), 1.05-1.09(m, 8H), 1.19-1.23(m, 1H), 2.82 (s, 3H),
2.96(s, 2H), 4.90-4.96(d, 4H), 6.45-6.46(d, 1H), 6.66-6.67(d, 1H), 7.57-7.92 (m, 30H)

OH . RN
f&l Brﬁ—’/_ : —0
7z .
2-ethylhexylbromide, K,CO4 j— (CH;0), HBr(in CH,COOH)
Oo. & 4
) Acetone, N, gas, 12h, reflux \-_< 60°C, N, gas, 2h, stir
4-methoxyphenot o—
1-(2-ethylhexyloxy)
-4-methoxybenzene
@
e —(
\‘~0 o )
‘:\\ P(Ph)s DMF == PPhsBr
B . /
ar’ \__/\ N, gas, reflux 10h BrPhy*P \ 4
o o—
. 1-(2-ethythexyioxy)-2,5-bis(bromomethyl)-4-
1-(2-ethylhexyloxy)-2,5-bis thoxybenzenetriphenylph jum salt
{bromomethyl)-4-methoxybenzene methoxy enetriphenylphosphoni

(8) Polymer 3 - Intermediate {9)

Scheme 4. Synthetic scheme of polymer 3 intermediate.
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2-4. 2§A9 g4 (P1, P2, P3)

Biphenyl-monomer(7.3g 22mmol)¢} Pl1, P2, P3%7tA(22mmol)E ethanol(40m¢) 3}

chloroform (20m¢)e] Ejr&ufe] L&A1 F argon 7I= EH7l 39 sodium
ethoxide (21wt% solution in ethanol, 2.47m¢, 6.6mmol)& HH 3] F¢ g},
Ao 12412+ B¢ wuk3t ¥ chloroform 300m-& 2o 34 A7l 22 o8 A
AA s o] & MgSOsZ2 AZ2% ¥ ey FZZEES AASHE 2% g E
o] dojRAth o]RAE 10mée] THF tiA] £3lA17 ¥ 500me) HE&S WA o
THF &9& A3 Hojrmeld HAo] A& dr}, o]Ag 7Y EHE £ &ul& AA
3, g2 3 MEsd Z3E(P1, P2, P3)E 9 F Uitk

Polymer 1 & : 50%, pale green solid

'"HNMR(CDCl,, ppm) 3.5077-35649(m, 6H), 5.2367-5.3066(m, 4H), 6.3179-7.2318(m, 6H),

7.2842-7.6504(m, 4H)

Polymer 2 & : 35%, pale green crystal

'HNMR(CDCl3, ppm) 0.7779-0.8541(m, 6H), 0.9458-1.2274(m, 24H), 1.9498-19753 (m, 4H),

3.3513-3.5840(m, 6H), 5.2364-5.2364(m, 4H), 6.5931-7.249%(m, 6H), 7.3013~ 7.6346(m, 4H)

Polymer 3 4§ : 42%, pale yellow crystal

lHNIVIR(CDCls, ppm) 0.8746-09378(m, 6H), 1.2570-1.5728(m, 8H), 1.7340-1.7351(m, 1H),

3.4651-3.5658(m, 6H), 3.9469(s, 3H), 3.9603(s, 2H), 5.1813-5.3136(m, 4H) 6.5120-7.2435(m,

6H), 7.266-7.6998(m, 4H).

OHC

— = 0 )
. o~ /o + B rPhG,P;* Ar I Prphgsr  NNGOEt CHLCHOH, CHCly

Ar gas, r.t., 12h, stir

CHO
Biphenyl - Intermadiate polymer Intermadiate
o I -
L I
> ATl CeH C
UV‘\Jt W—\_% Ar : ///\W N 1T\'ca"'w /C\l[/o t
e n (\\:/L ‘\/ \\\ o N
P =/ [
{,l\” Polymer 1 Polymerr 2 Polymer 3
|
o
|
o.

Scheme 5. Synthetic scheme of polymer derivative.
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3. 4% # ¥

3-1. GPCE o &% EA%F 33

NEAE THF&WHPLC Grade)d]l =< membrain filiter 2 B2 AA & F
GPC(Gel Permeation Chromatography)2 £2%& A& 4. $A4 S 18R & 3

-

# 2AFMT P BF EAFMwE table 19} 2o BRAFH 2 R} 3A Y
B A ¥R ¥ HAN TG 59 Aolst wai) Agstd vl Y
= 44 Hes. 2% P2o) 397 b wEE ¢ 4 AT BE A0 ool
7l wed FHEA e FohE AYE AAA & & YUk |

Table 1. GPC data sheet

Mw Mn PDI
P1 2754 1659 1.66
P2 6434 4141 1.5
P3 4666 1541 3.03

3-2. stEA E‘H"]Q] %‘3}’—‘1 54

P1E 1, 3, 5wt%® E¥dstd F3x 2 23 5AE fig. 29 Udedhdd 4 &
2HEQ X ¥ PI—J FF 99L& PVKYl =3 #o=2x PIY F4 o4
YEtdA 8¢ B F Jdden, 23 Ay s PVK 2 P19 23 7o of
450nm F-2 2L EF o] Yepgow, =3 x99 FUH wet Ax=rt FUHE
< B T UUG olgd Aae A olF ol& F 9 &4l Forster energy transfer
oo H§ =HiE 350~420nmelA PVKY 3 #A#H Pl FF HFo] oWy
(overlap) € 224 ©] FEA Z1i(donor) G2 PVK & 7] & Zat20] up=hd el
2 dold af A7t o gE (accepter) P1E AiR7} Hddso] EeEel 47 @
Zei7h Eo] oA vt ElE dojdoz i Plo W B3dd st 4o NEE
w3 2gEHo] et AoF AlgdTH

P2l & 2 23 2HEHE fig. 3o HetHAT P13} vld7kA 2 PVKe £3 A
P29 &4 949 velR gskon wad o3 2 420~450nm F2AAM A2 LR
3o} vebdth mb#7ERA| 2 Forster energy transfer ©] 29 335 +E 350~430nmell A
PVKel ¢33 mant p2o) F<4 wato]l e A(overlap) B L2 YA o]Fo] ot
P29} @33 oo 77t ANEE ¥F AHER Yeigt. P39 4 2 43 2HEY

% Lo
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& fig. 49 el oo Anel mRrtxE 350~455nm E29A P39 F4gdn
PVKe &3 o] ovMW(overlap)F o] 470nm B2 A A2 &3 gpao] velydo
] o] Forster energy transfer o[£ 2 Aw 5ol 2}

I ; ; : . ; : 14000
L4 povm T PVK-ABS e Pl-Abs |~
H Pl-l“% —— P1-3IWM % 4 12000
12 b —— Pl-5wm% ——PVK-PL o
il e PLPLL —— Pl-1wt%-PL
‘ -- P1-5wt % -PL

Abs. (a.u)
PL. Intensity (a.u.)

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

Fig. 2. UV/vis. absorption and PL spectra 6f PVKi . polymer 1 thin films with dopant

concentrations(1, 3, 5 wt%).

—PVK-Abs - P2-Abs
I O ~P2-1wt% s T 12000
P2-5wt%
L2 o ~P2.-PL ——P2-1wt% -PL |
. : ~ = P2-3wt% -PL ~ — -P2-Swt% -PL 4 10000
1 ' 3
- 3000 &
a0 e ‘E
2 L, 6000 §
< 0.6 o e g N -
: ; N i
0.4 R 4000
0.2 X 2000
0 i . b [}

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

Fig. 3. UV/vis. absorption and PL spectra of PVK : polymer 2 thin films with dopant

concentrations(l, 3, 5 wt%).
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Bipheny! T2F 713 M2% 34 7] 43 Az &4 4 ELEEH ojFxe] @A oy dF

1.6 . : :
f——PVK-Abs  ------ P3-Abs
1.4 b i e P3-1wt% — P3-3wt% | 4 8000
. ' 1l ——P3-5wt% PVK-PL
| R P3-PL ——— P3-1wt% -PL
1.2 b g o i T —-P3-3wt%-PL --—- -P3-Swt% -PL
1 B A £ B ] 6000 2
3 ‘ ; A :
: : Y. F R 2
s WAV %
2 : AN | 4000 £
02 b A ad X AN .
2 : AN | e .
] 1 ; Reiiimi” N ; : s,

200 250 300 350 400 450 500 8§50 600
Wavelength (nm)

Fig. 4. UV/vis. absorption and PL spectra of PVK : polymer 3 thin films with dopant

concentrations(1, 3, 5 wt%).

Table 2. UV/vis. abs,, PL, and band gap data of each material and doping sample

Pl |PVK+Pl| P2 [PVK+P2| P3 |PVK+P3
Max as (nm) | 350 235 368 235 385 235
Max r (nm) | 467 450 450 430 497 460
Band gap(eV) | 2.97 2.97 2.88 2.88 2.88 2.88

3-3. 8 A¥-AF 53 B

TE AY-AF WL o83 29 A W= P detrn UVivis F3= &
3 Aot vaste WE Ag tSd Zo] YA o] HE Ag do 2N g &
HHos ¥ &S Y F deug 539 AduiA A& 54 st Aol Tt

Fig. 59 &4 #7189 <dA #= HFe Uaddd. &3 2ads &4 & 23
polymer 1, 2, 3 F°l AA Fgo] &3] o]FX7] HHHE Al LUMOEHAY
284eVET YowA 73 2 FHE AT EFLFE AAY Fidol ¥
P2 > Pl&e®2 23 o9 P39 Z$E AlgY LUMOESY Hu ol AA F9 A
e FFE e AL 44¥ F du AF FYE& AHE™E PEDOTS HOMO
¥ @ 50eVel 2HAUM EETF AT FUho] €3] o]Foith P2 > P1> P3
9 wo2 I FAVL ygkeod, olHF AIAZ OLED 474 74 o #AZ4e Az
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A" Al $8% 849 HOMO, LUMO &9 #& ¢ 4 AAeH, & 3 P27}
OLED S49A S &< ved AcE Hoz A48 F AU

Vacuum Level
LUMO

Li:Al
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Fig. 5. Energy band diagram of materials.
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Fig. 6. J-V-L characteristics of ITO/PEDOT/PVK+P1/Alq3/ALLiL
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Fig. 7. J-V-L characteristics of ITO/PEDOT/PVK+P2/Alq3/Al;Li.
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Fig. 8. J-V-L characteristics of ITO/PEDOT/PVK+P3/Alq3/Al;Li.
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Fig. 9. Luminous efficiency of ITO/PEDOT/PVK+Polymer/Alq3/ALLi.
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Fig. 10. Drift mobility of electrons in Alg3 and holes in PVK.
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Fig. 11. Hole & Electron mobility of P1 as a function of electric field.
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Fig. 12. Hole & Electron mobility of P2 as a function of electric field.
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Fig. 13. Hole & Electron mobility of P3 as a function of electric field.

3-7. EL 883} ol % #3379 A3 #AA
Aol el A dE utg o2 EL §87 o559 A4AFAE table 39 HERASIT

Table 3. EL efficiency and balance of mobilities of polymer group

materials P1 P2 P3

4

doping
) 1wt% | 3wt% | 5wt% | 1wt | 3wt% | 5wt% | 1wt% | 3wt% | bwt%
concentration

EL effici
efficiency 05 0.8 0.8 0.85 0.8 12 087 | 0.76 | 0.87
(cd/A) |

mobility balance
( I-Ih) / ( Lle)

465 | 335 | 375 | 487 | 453 | 192 « 244 | 419 | 1.94
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