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Abstract : New electroluminescent materials based on anthracene chromophore. bis{arylethenyl)
anthracenes and a bis{anthrylcyanoethenyl)benzene were synthesized. The anthracene derivatives with
bulky substituents such as anthrylethenyl and naphthylethenyl groups gave stable amorphous films
through vacuum-sublimation. In the anthracene derivative with naphthyletheny! group, efficient orange
electroluminescence was observed: the maximum luminance was about 10,096 cd m® at an applied

voltage of 10 V and the maximum external quantum efficiency was 1.4%.

Introduction

During recent vyears, electroluminescent (EL)
devices based on organic materials have gained
much attention because of their potential
applications to large area light emitting displays.'*¢
A variety of organic materials, fluorescent dye,'*
metal complex®” and =n-conjugated polymer®'
have been applied to EL devices, and efficient
Els have been attained in all visible region
including the three primary light elements.'**® In
general, for EL devices the organic materials are
used in amorphous state because one can easily
obtain uniform thin films with less macroscopic
defects which degrade device performance.
Therefore, the improvement of morphological
stability in the amorphous film is indispensable to
develop stable and high performance organic EL
devices. For this purpose, introducing bulky sub-
stituents into aromatic compounds is a promising
material design : the bulky substituent is assumed
to give an ability to form a stable amorphous film
in addition to the highly efficient emissive ability
of aromatic compounds.

In our study, a family of bis(arylethenyl)anthra-
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cene derivatives (BArA's) have been selected as
aromatic compounds for the EL material,"*
because of their efficient photoluminescence and
large window the material design: their
emissive and electric properties can be modified
by replacement of arylethenyl substituents. Pre-
viously, we demonstrated that bis-styrylanthra-
cene derivatives, a group of BArA's, exhibited
good EL performance. However, most EL devices
fabricated with bis-styrylanthracene derivatives
lacked temporal stability because of their tend-
ency to recrystallize in the amorphous film state.
To develop BArA's with morphological stability
of their amorphous film, in this study we synthe-
sized BArA's with bulky substituents and
an analogue of theirs, (bis(anthrylcyanoethenyl)
benzene} and examined their EL properties.

in

Experimental

Anthracene-based dyes with bulky substituents,
such as 9,10-bis(anthrylethenyl) anthracene(BAA),
9,10-bis(o--naphthylethenyl) anthracene(a-BNA),
and 9,10-bis(f-naphthylethenyl) anthracene(S-
BNA), were prepared by Wittig reaction(Scheme
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1) and 1,4-bis(anthrylcyanoethenyl) benzene(BAB)
was prepared by Knoevenagel reaction{Scheme 1I).

For comparison, an anthracene-based dye with
small substituents, 9,10-bis{styryl)anthracene(BSA)
was also prepared.

For the evaluation of EL properties of anthra-
cene-based dyes, we fabricated double and triple
layer devices consisting of
(ITO) anode, hole transporting layer of diamine
derivative(TPD), electron transporting layer of
oxadiazole derivative(OXD-7), emissive layer of
anthracene-based dye and MgAg cathode. The
structures of double and triple layer devices were
ITO/ TPD(50 nm thick)/ anthracene-based dye({50
nm thick)/ MgAg, and ITO/ TPD(40 nm thick)/
anthracene-based dye(20 nm thick)/ OXD-7(40
nm thick)/ MgAg, respectively. Organic dyes
were successively vacuum-deposited on indium-
tin-oxide(ITO)-coated glass substrates at about
10 torr, and then MgAg(10:1) alloy was deposi-
ted as cathode. Luminance and EL spectra of the
devices were measured using a luminance meter

P(OEOS
CH 2C 0 —————= (Et0)0PH2C CH2PO(0E?
m-xylene
R—CHO
——— = R —CH=CH CHmCH=—R Rm
DMF )
BSA

a- BNA

<831

- BNA
4 BAA

indium-tin-oxide

Scheme 1. Synthetic route of anthracene-based dyes.
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Scheme Il. Synthetic route of 1,4-bis(anthrylcyanoethenyl)
benzene (BAB).
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{Topcon BM-8) and a multichannel spectro-
PMA-11),

photometer(Hamamatsu Photonics,
respectively.

Results and Discussion

Table | summarizes melting points of the
anthracene-based dyes and their morphology,
ionization potential{lp), photoluminescence in
vacuum-sublimed films. The anthracene-based
dyes with bulky substituents, BAA, a-BNA, and
B-BNA, exhibit high melting points in comparison
with BSA. Further, the anthracene-based dyes
with bulky substituents formed stable amorphous
films through vacuum-sublimation, while BSA
formed a polycrystalline film. These results sug-
gest that the introduction of bulky substituent
surely improves the morphological stability of
amorphous film in the anthracene-based dyes.

lonization potential Ip of the anthracene-based
dyes was evaluated by the photoemission meas-
urement. Their values of Ip are relatively high
(more than 5.7 eV). The high Ip values direct
that choosing double layer type or triple layer
type device structure combined with organic dyes
having relatively a low Ip is preferable for the
attainment of high performance EL devices using
the anthracene-based dyes. In this study, there-
fore, we fabricated double and triple layer
devices with a diamine derivative (TPD) which
possesses relatively low Ip (5.5 eV), as a hole
transporting layer, where in the triple layer de-
an oxadiazole derivative (OXD-7) was
employed as an electron transporting layer.

When we used the anthracene-based dyes with
naphthyl substituent, a-BNA and B-BNA, which

vices,

Table 1. Melting Points of the Anthracene-based
Dyes and Their Morphology, lonization Potential,
Photoluminescence in Vacuum-sublimed Films

Morpholgy of Ip ApexrL PL

Materials T,[K]

Sublimed Film [eV] [nm] Intensity
BSA  553.6 polycrystalline 570 520  strong
o-BNA 580.7 amorphous 575 557  strong
B-BNA 5982 amorphous 580 560  strong
BAA 613.3 amorphous 554 569 weak
BAB 5132 amorphous 6.01 579 weak
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formed stable amorphous films and exhibited
strong PL as an emissive layer, and also bright
and efficient EL was observed. Although BSA
exhibited strong PL, EL performance of the
device using BSA was very low : maximum
luminance of device was less than 1 cd m® The
polycrystalline texture in BSA vacuum-sublimed
films may affect the device performance. BAA
and BAB also form stable amorphous films.
However, performance of the devices using BAA
and BAB was very low. The low device
performance is due to low PL efficiencies of BAA
and BAB in vacuum-sublimed films.

Figure 1 shows EL spectra of double layer de-
vices using a-BNA, B-BNA and BAB. EL spectra
of the devices using BAA were not detectable
because of their low EL intensity. The EL spectra
of devices using @-BNA and 8-BNA correspond
well to the PL spectra in vacuum-sublimed films.
On the other hand, EL peak of the device using
BAB (663 nm) is red-shifted by>80 nm,
compared to the PL peak of a BAB vacuum-
sublimed film. The large red-shift of EL peak
may be attributed to the formation of exciplex
between TPD and BAB.

Figure 2 shows the current density-luminance
characteristics of the double layer devices using
a-BNA, B-BNA and BAB. Maximum luminances
of the devices using @-BNA and B-BNA are 5110
cd m? at a current density of 525 mA cm? and
8060 cd m? at a current density of 683 mA cm?,
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Figure 1. EL spectra of the double layer devices made of
o-BNA, B-BNA and BAB.

Korea Polym. J., Vol. 6. No. 3, 1998

10* e ——rrr—r—r
BNA- )
g B Y
—_ BAB 05" ]
NE 10° ]
3 | ® 1
g | o nE
[ o o |
§ 10 | m 3
O
100 PP | PR ETIT l‘j' PEUTITN METEETIIT
10" 10° 10! 107 10°

Current density [mA/cm?]

Figure 2. Luminance-current density characteristics in dou-
ble layer device.
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Figure 3. External quantum efficiency-current
characteristics in double layer device.

density

respectively. Further, as shown in Figure 3. the
maximum value of external quantum efficiency 7
was calculated to be 0.9% for «-BNA and 1.4%
for B-BNA. The efficiency values were several
tens times of those of single layer devices of a-
BNA and B-BNA. The bright and efficient EL
suggests that the balance of injected carriers and
carrier confinement in the emissive layer was
improved in the double layer devices since the
anthracene-based dyes played not only a role as
a good emissive material but a role as a hole
blocking material by combination with TPD.

On the other hand, EL intensity of a device
using BAB was weak and inefficient : maximum
luminance=54 cd m? at 890 mA cm? and maxi-
mum 7=0.01%. The low device performance is

233



H. S. Kim et al.

most likely due to the relatively low PL efficiency
of BAB. and the exciplex formation with TPD is
also supposed to affect the device performance.

In triple layer devices, their device perform-
ances were almost same with the corresponding
double layer devices: maximum luminance =
9.920 ¢d m* at 623 mA cm? and nN=1% for a-
BNA, and maximum luminance= 10,096 cd m*
at 775 mA cm” and n=1.4% for B-BNA.

Conclusion

We synthesized new electroluminescent dyes
based on anthracene-chromophore and a bis
{(anthrylcyanoethenyl) benzene. Introducing bulky
substituent such as naphthyl or anthryl groups
into the anthracene-based dyes made the
formation of stable amorphous film possible.
Further, intense and efficient EL was attained in
the devices using the anthracene-based dyes with
naphthyl substituent which formed stable
amorphous films and exhibited strong PL in the
amorphous films.
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