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There has been great interest in the development of new
electroluminescent molecular materials for organic light emitting
diodes (OLEDs) in flat-panel displd§-In the aspect of advanced
designs, integrating electron-transporting (ET) and hole-transporting
(HT) segments into molecular materials may effectively improve
the OLED device performance because of more balanced charge
transports of both carriet§. Several linearly B-A conjugated
templates based on this conceptand attempts on single-layered
device§ have thus been examined with significant success.
Recently, we unraveled the first attempt of using doubly ortho- Figure 1. ORTEP diagram for X-ray crystal structure (ellipsoids are shown
linked quinoxaline/triarylamine 1:1 hybrid as a bifunctional, dipolar 2t 20% probability level) of (abb (left) and (b)5d (right).
electroluminescent clip for bluish green and orange OLED applica- scheme 1. Assembly Concept of the Quinoxaline/
tions’ As part of our ongoing program on the use of dibenzo- Diphenylfluorene Optoelectronic System

s A

suberene (DBE)-based triarylcarbenium ions and over-crowded o o
triarylethenes in catalysisand LC optical switche$we thought = GQG Q

to merge the DBE template with fused quinoxaline backbones of NN ommodimea NN TP N MR
varying electronic attributes for optoelectronic applications. In timede Ty wmnel o
addition, to improve the rigidity, redox stability, and morphology O Y assembly 2N
of the DBE template, spiro-fluorefeis incorporated at the C5- \/ \ f\/ /\\ //\
position of the DBE template. Conceptually, the new molecular e 2

. . .. . . 5a: G = 4-+-BuCgH, 5c: G = 4-PhyNCgH
design connects the individual ortho-position of two phenyl rings 8b: G - 4MeOCaHs 5 G = MNP~ donor

in a HT-type 9,9-diphenylfluorene framework to the-623 edge _ _
of a functionalized ET-type quinoxaline. Therefore, the resultant 7able 1. Optical, Morphological, and CV Data for Sa—d and 6

1:1 hybrid is potentially bipolar and may act as a central fluorescent absorbance EMAnad®  @p T Eed En?
chameleon unit with tunable emission colors by judicious choices compd Amax (€)* nm % °C v

of the C5- and C8-appendages. Herein, we report the preliminary 5a 276 (63.8), 482 (74) 41  181/395 —2.07/---
results toward this end with good to excellent optoelectronic 367 (17.2)

performance in OLED applications (Scheme 1). 5b 2827(2(’(-155%v7) 521(89) 78  160/372 —2.07/---

The starting?, derived from DBE1, was oxidized by benzene-

- . . . - . 5 323 (17.4), 599 (95 34  186/412 —2.05H0.46
seleninic anhydride (BSA) to give diketodein 87% yield. ¢ (7.4 ©9)

Condensation of3 and 3,6-dibromo-1,2-diaminobenzene with 5d 333?;3(%)?) 650 (110) 42  153/333 —2.114-0.08,
catalytic p-TSA in refluxed CHC} provided quinoxaline-fused 482 (2.7) +0.27
DBE-4 in 90% yield. Attachments of respective aryl and arylamino 6 284(58.9),  497(97) 57 74/321 —2.07/---
components to both the C5 and C8 positions of the quinoxaline 365 (17.6)

backbone in4 were achieved by Suzuki and Hartwig coupling a dmax IN NM; €) x 1073 measured in CCl,. P The data in parentheses
reactions, leading t6a—d, respectively in 76-95% vyields. correspond to full-width at half-maximum (fwhm).

The structural features foba—d were resolved by NMR g0 ihat coplanar (i.e., conjugated) with the quinoxaline backbone
spectroscopy and ultimately proven by X-ray crystallographic (riq e 1p). Nevertheless, resonance conjugations between the
analyses. For the aryl-conjugated systé&asc, they share common o 4ant aryl (or phenylamino) group and the quinoxaline backbone

structural attributes. They exist as a dimmer in unit cell. The 3.0 hominent in solution, exerting progressive, bathochromic shifts
flanking aryl appendages at both the C5 and C8 positions in the in their UV and photoluminescence spectra, Table 1.

quinoxaline backbone are turned by-456° to avoid epi-interaction Upon UV excitation, these materials show different emission
with the quinoxaline nitrogen lone pairs and steric interaction with colors in solution varying from bluish, to green, to orange, to red
the spirofluorene unit in another molecule (Figure 1a). The The full-width at half-maximum (fwhm) for each individual

spirofluorene pre\_/enFs facile conformational flipping of the centr'al emission also increases progressively from 74, to 89, to 95, to 110
seven-memberd ring in the DBE core. Conversely, only one flanking |, . (Table 1), with quantum yields ranging from 34 to 78%. The

nitrogen lone pair of the methylphenylamino groupssd is increased molecular size and rigidity arising from the spiral

 National Taiwan Normal University. framework of these materials are manifested in their increased
* Academia Sinica. thermal stability Tg, 333-412°C) and glassy transition temperature
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Table 2. Electroluminescence Data for 5a—d and 6
Em? Vi Le
confa Amax Vv Next® 0’ cd/m?

5a/A 490(70) 45(49) 045 0.82/0.52 5995 (205)
5b/A 520(82) 25(40) 1.92 6.35/5.02 35372 (1268)
5b/B 524(88)  4.7(7.4) 1.06  2.90/1.19 11733 (414)
6/A 502 (90) 2.7 (4.0) 1.75 5.07/3.95 20640 (1055)
Algg/A  516(104) 3.9(5.6) 1.11  3.29/1.84 28911 (638)
5c/A 576 (95) 2.8(3.9) 0.98  2.54/2.05 23716 (524)
5c/B 580(97) 3.9(6.5) 290  7.75/3.73 20683 (1542)
5¢/C 578(96) 4.4(6.3) 4.92  13.10/6.54 69700 (2503)
5d/A 642(102) 3.7(5.7) 0.81  0.85/0.47 3558 (167)
5d/B 644(101) 4.1(5.8) 3.17 231121 11484 (1102)

a Configuration (conf)A: ITO/NPB (40 nm)ba—d (40 nm)/LiF (1 nm)/
Al; B: ITO/5b—d (40 nm)/BCP (10 nm)/Alg (40 nm)/LiF (1 nm)/Al;C:
ITO/NPB (40 nm)bc (40 nm)/BCP (10 nm)/Alg (40 nm)/LiF (1 nm)/Al.
b The data in parentheses correspond to full-width at half-maximum (fwhm).
¢ The data in parentheses g, andL and the data fofex: (%), ¢ (cd/A),
andp (Im/W) were measured at 20 mA/ém

(Tg, 153-186 °C). For example, thdy and Ty (372 °C and 160
°C) for 5b (C47H3:NO,, fw: 656.8) are 51 and 88C higher than
those (32FC and 74°C) for the corresponding open-form systém-
[i.e., 5,8-bis-(4-methoxyphenyl)-2,3-diphenyl-quinoxaling4{Ge
NzOz, fw: 4946)]

The redox behaviors dda—d were evaluated by cyclic volta-
mmetry (CV) experiments at ambient temperature. They exhibit
similar reduction potentials with reversible redox couples 2108
4+ 0.03 V. No discernible oxidations were found in less tHeh5
V for 5a and 5b. Nevertheless, reversible two-electron oxidation
redox couples can be identified for triarylamino-containfimgand
5d. They show oxidation potential &t0.46 V for5c and a pair of
+0.08 and+0.27 eV for5d owing to sequential oxidations of the
two amino appendages. When compared witiNAguinoxalingab
and spiro-fluorene-based dipolar hybrfdshe current new designs
show slightly lower redox potentials, which may facilitate better
charge injection from both carriers.

Their optoelectronic performances are evaluated as respective

ET-type and HT-type emitting layers by fabricating bilayer or
trilayer OLED devices with two different configurations. 1,4-Bis-
(1-naphthylphenylamino)-bipheny®{NPB) and Alg; were em-
ployed (40 nm thickness each) as HT and ET layers, respectively.
In the combination of respectivea—d with Alqs, 2,9-dimethyl-
4,7-diphenyl-1,10-phenanthroline (BCP) was utilized as a hole
blocking layer (10 nm) to completely suppress emission leakage
from Algs. When5a, 5b, 5¢, and 5d were examined as ET and
emitting materials in device configuration A (Table 2), the resultant
OLED devices exhibit maximum EL brightneskn,) of 5995,
35372, 23716, and 3558 cdnrespectively. Their operational
brightness(,¢) at 20 mA/cn? can reach 205, 1268, 524, and 167
cd/ne, respectively, with individual external quantum efficiency
(nexy of 0.5, 1.9, 1.0, and 0.8%. Their luminance and power
efficiencies {/7,) are 0.8/0.5, 6.4/5.0, 2.5/2.1, and 0.9/0.5 cd/A
Im W-1, respectively. Notably5b acted more as a superior ET
and emitting dipolar material than AJdn terms of operational
voltage (4.0 vs 5.6 V), emission peak width (fwhm: 82 vs 104
nm), Lo (12688 vs 638 cd/A), 1ex (1.9 vs 1.1%), and working
efficiencies (6.4/5.0 vs 3.3/1.8 cdAlm W~1) when both devices
were fabricated simultaneously under the same conditions.
Conversely, wherba—d were examined as HT and emitting
materials in device configuration B (Table 2), all the devices except
that from5a showed promising results. The resultant OLED devices
from 5b, 5¢, and5d exhibit a maximum EL brightnesd (a,) of
11773, 20683, and 11484 cdmrespectively. Their operational
brightness I(;) at 20 mA/cn? can reach 414, 1542, and 1102 cd/
m?, respectively, with individual external quantum efficiengy,f)

of 1.1, 2.9, and 3.2%. Their respective luminance and power
efficiencies f/17p) are 2.9/1.2, 7.8/3.7, and 2.3/1.2 cd’Am W1,
Overall, the optoelectronic performance is 2 times better when
5b is utilized as an ET and emitting layer. On the contrary, the
optoelectronic performances are-2 times better wheic or 5d
is employed as HT and emitting layers. Nevertheless, botbibhe
and 5c can function as bipolar electroluminescent materials with
more balanced charge transporting properties in view of the
satisfactory OLED performances in complementary device con-
figurations A and B. To further optimize the device efficiency, we
have also fabricated a four-layered device with a configuration of
a-NPB/c (40 nm)/BCP/Alg (configuration C). For this combina-
tion of using5c as the sole emitting layer, the OLED device exhibits
Lmax and Lo of 69700 and 2503 cd/fwith 7ey of 4.9%. The
luminance and power efficienciegdr,) are 13.1/6.5 cd AYIm
WL, To our knowledge, green emittingp, yellow-emitting 5c,
and red emittingbd represent one of the best bipolar fluorescent
materials to daté?
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