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(57) ABSTRACT

An organic electroluminescent device includes: a substrate; a
first electrode on the substrate; a second electrode on the first
electrode; and a plurality of lamination layers between the
first and second electrodes; wherein at least one of the plu-
rality of lamination layers includes a carbazole compound
represented by Formula 1:
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The carbazole compound may improve the emission effi-
ciency of the organic electroluminescent device.
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CARBAZOLE COMPOUND, MATERIAL FOR
ORGANIC ELECTROLUMINESCENT
DEVICE, AND ORGANIC
ELECTROLUMINESCENT DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This patent application claims priority to and the
benefit of Japanese Patent Application No. 2014-252995,
filed on Dec. 15, 2014, the entire content of which is hereby
incorporated by reference.

BACKGROUND

[0002] One or more aspects of embodiments of the present
disclosure herein are directed toward a carbazole compound,
a material for use in an organic electroluminescent device,
and an organic electroluminescent device.

[0003] Recently, organic electroluminescent (EL) displays
have been actively developed. In addition, organic electrolu-
minescent devices, which are self-emitting devices used in
organic electroluminescent displays, have also been actively
developed.

[0004] An example structure of an organic electrolumines-
cent device includes an anode, a hole injection layer, a hole
transport layer, an emission layer, an electron transport layer,
an electron injection layer, and a cathode that are successively
laminated (e.g., in the stated order). In such organic electrolu-
minescent device, holes and electrons, respectively injected
from an anode and cathode, are recombined in the emission
layer to generate excitons, and afterwards, light is emitted
when the generated excitons are transited to the ground state.

[0005] To improve the performance of organic electrolumi-
nescent devices, various compounds are being investigated as
amaterial to be used in each lamination layer (e.g., in each of
the layers included in the example structure of an organic
electroluminescent device described above). For example, a
carbazole compound which may be used as a hole transport
material in an organic electroluminescent device has been
previously described.

[0006] However, an organic electroluminescent device
which uses the previously described carbazole compound
may exhibit insufficient emission efficiency.

SUMMARY

[0007] One or more aspects of embodiments of the present
disclosure are directed toward a novel and improved carba-
zole compound which may improve the emission efficiency
of an organic electroluminescent device, a material including
the carbazole compound and for use in the organic electrolu-
minescent device, and the organic electroluminescent device
which includes the carbazole compound.
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[0008] An embodiment of the present inventive concept
provides a carbazole compound represented by the following
Formula 1:

Formula 1

[0009] InFormula 1, R, to R, may be each independently
selected from hydrogen, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an alkoxy group, an aryloxy
group, an alkyl or aryl substituted silyl group, a substituted or
unsubstituted alkyl group, a substituted or unsubstituted aryl
group, and a substituted or unsubstituted heteroaryl group;
Ar, to Ar, may be each independently selected from a substi-
tuted or unsubstituted alkyl group, a substituted or unsubsti-
tuted aryl group, and a substituted or unsubstituted heteroaryl
group; and [, and L, may be each independently selected
from a single bond and a substituted or unsubstituted arylene

group.
[0010] Accordingly, the emission efficiency of an organic

electroluminescent device which includes such carbazole
compound may be improved.

[0011] Inanembodiment, atleastone selected from L, and
L, may be a single bond or a substituted or unsubstituted
connecting group selected from the following groups collec-
tively denoted as Formula 2:

I av]

Formula 2
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[0012] Accordingly, the emission efficiency of an organic

electroluminescent device which includes such carbazole
compound may be further improved.

[0013] Inanembodiment,atleast one selected from L, and
L, may be a single bond or a substituted or unsubstituted
connecting group selected from the following groups collec-
tively denoted as Formula 3:

oC

L0

[0014] Accordingly, the emission efficiency of an organic
electroluminescent device which includes such carbazole
compound may be further improved.

[0015] Inanembodiment,atleast one selected from L, and
L, may be a substituted or unsubstituted connecting group
selected from the following groups collectively denoted as
Formula 4:

Formula 4

- O+
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[0016] Accordingly, the emission efficiency of an organic
electroluminescent device which includes such carbazole
compound may be further improved.

[0017] Inanembodiment, Ar, to Ar, may be each indepen-
dently a substituted or unsubstituted aryl group or a substi-
tuted or unsubstituted heteroaryl group selected from the
following groups collectively denoted as Formula 5:

i Zaay,
”

L0 &0

&

[0018] Accordingly, the emission efficiency of an organic
electroluminescent device which includes such carbazole
compound may be further improved.

[0019] Inanembodiment,Ar, to Ar, may compriseup to 14
carbon atoms for forming a ring.

[0020] Accordingly, the emission efficiency of an organic
electroluminescent device which includes such carbazole
compound may be further improved.

[0021] In an embodiment, R, to R, may be each indepen-
dently selected from hydrogen. a fluorine atom, a cyano
group, a methyl group, and a phenyl group.

[0022] Accordingly, the emission efficiency of an organic
electroluminescent device which includes such carbazole
compound may be further improved.

[0023] In an embodiment, the carbazole compound may
have a molecular weight of 500 to 1000.

[0024] Accordingly, the emission efficiency of an organic
electroluminescent device which includes such carbazole
compound may be further improved.

[0025] Inanembodiment, the carbazole compound may be
selected from Compounds 1, 2, 9, and 11 to 13.

Formula 5
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[0026] Accordingly, the emission efficiency of an organic

electroluminescent device which includes such carbazole
compound may be further improved.

[0027] Another embodiment of the inventive concept pro-
vides a material for use in an organic electroluminescent
device, the material including the carbazole compound.

[0028] Accordingly, the emission efficiency of an organic
electroluminescent device which includes such material for

11

13

use in the organic electroluminescent device may be
improved.

[0029] Another embodiment of the inventive concept pro-
vides an organic electroluminescent device, including a sub-
strate; a first electrode on the substrate; a second electrode on
the first electrode; and a plurality of lamination layers
between the first and second electrodes; wherein at least one
of the plurality of lamination layers includes a carbazole
compound represented by the following Formula 1:
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Formula 1

[0030] InFormulal, R, to R, may be each independently
selected from hydrogen, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an alkoxy group, an aryloxy
group, an alkyl or aryl substituted silyl group, a substituted or
unsubstituted alkyl group, a substituted or unsubstituted aryl
group, and a substituted or unsubstituted heteroaryl group;
Ar, to Ar, may be each independently selected from a substi-
tuted or unsubstituted alkyl group, a substituted or unsubsti-
tuted aryl group, and a substituted or unsubstituted heteroaryl
group; and L; and L, may be each independently selected
from a single bond and a substituted or unsubstituted arylene
group.

[0031] Inanembodiment,the plurality of lamination layers
may include a hole transport layer which includes the carba-
zole compound represented by the above Formula 1.

[0032] Accordingly, an organic electroluminescent device
having improved emission efficiency may be provided.

BRIEF DESCRIPTION OF THE FIGURES

[0033] The accompanying drawing is included to provide a
further understanding of the inventive concept, and is incor-
porated in and constitutes a part of this specification. The
drawing illustrates example embodiments of the present
inventive concept and, together with the description, serves to
explain principles of the present inventive concept. The draw-
ing is a schematic diagram illustrating one example of an
organic electroluminescent device according to an embodi-
ment of the present inventive concept.

DETAILED DESCRIPTION

[0034] Hereinafter, example embodiments of the present
inventive concept will be described with reference to the
accompanying drawing. Moreover, in the description and
drawing, like reference numerals refer to like elements or
elements having like functions throughout, and duplicative
explanations thereof will not be provided herein.

1. CARBAZOLE COMPOUND ACCORDING TO
AN EMBODIMENT OF THE PRESENT
INVENTIVE CONCEPT

[0035] Hereinafter, a description of a carbazole compound
according to an embodiment of the inventive concept will be
provided. A carbazole compound according to the present
embodiment may be represented by the following Formula 1:
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Formula 1
R3
Ry
Ar
/ 1
L—N
\
An
[0036] Inthe above Formula 1, R, to R, may be each inde-

pendently selected from hydrogen, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an alkoxy
group, an aryloxy group, an alkyl or aryl substituted silyl
group, a substituted or unsubstituted alkyl group, a substi-
tuted or unsubstituted aryl group, and a substituted or unsub-
stituted heteroaryl group; Ar, to Ar, may be each indepen-
dently selected from a substituted or unsubstituted alkyl
group, a substituted or unsubstituted aryl group, and a sub-
stituted or unsubstituted heteroaryl group; and I, and [, may
be each independently selected from a single bond and a
substituted or unsubstituted arylene group.

[0037] Inthe carbazole compound according to the present
embodiment, as shown in the Formula 1, arylamino groups
are coupled to a carbazole ring, directly (e.g., via abond such
as a single bond) or through a linker (e.g., a connecting
group), at positions 4 and 9 of the carbazole ring. Such car-
bazole compound may be suitable for use as a hole transport
material in an organic electroluminescent device.

[0038] For example, in the carbazole compound according
to the present embodiment, since arylamino groups are
coupled at positions 4 and 9 of the carbazole ring, the band
gaps of a highest occupied molecular orbital (HOMO) and a
lowest unoccupied molecular orbital (LUMO) are increased.
Accordingly, the carbazole compound of the present embodi-
ment improves the hole transporting ability and may function
to prevent or reduce an influx of electrons from an emission
layer into a hole transport layer (e.g., may exhibit electron
blocking ability), and thus the emission efficiency of the
organic electroluminescent device including the carbazole
compound may be improved.

[0039] For example, in the carbazole compound according
to the present embodiment, when an arylamino group is
coupled at position 9 of the carbazole ring, electron repulsion
between the lone pairs of electrons of nitrogen atoms (e.g., the
nitrogen atom included in the amine group and the nitrogen
atom included in the carbazole ring) causes a decrease in the
energy level of the LUMO (e.g., the absolute value of the
energy level is low). This improves the electron blocking
ability, and thus the carbazole compound according to the
present embodiment may reduce the influx of electrons from
the emission layer into the hole transport layer and reduce the
ineffective current which does not contribute to emission.
[0040] Moreover, in the carbazole compound according to
the present embodiment, when an arylamino group is substi-
tuted at position 4 of the carbazole ring, steric hindrance
causes a torsion angle between the carbazole ring and the
arylamino group to be increased. Accordingly, since the band
gap between HOMO and LUMO is increased, the carbazole
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compound according to the present embodiment may effec-
tively block or reduce the excimers generated in the emission
layer from flowing into the hole transport layer, and may
improve the emission efficiency.

[0041] The carbazole compound according to the present
embodiment has desirable properties as a hole transport mate-
rial, and may thus be included in at least one of the layers
disposed (e.g., positioned) between the emission layer and an
anode in an organic electroluminescent device. For example,
the carbazole compound according to the present embodi-
ment may be included in the hole transport layer in an organic
electroluminescent device.

[0042] For example, the carbazole compound according to
the present embodiment may be suitable for use in a blue
light-emitting organic electroluminescent device which
requires a high hole transporting ability and electron blocking
ability.

[0043] To effectively realize the electron blocking ability,
the carbazole compound according to the present embodi-
ment may be included in a layer which is disposed (e.g.,
positioned) in the vicinity of the emission layer, and in some
embodiments, may be included in alayer which is adjacent to
the emission layer.

[0044] However, in an organic electroluminescent device
of embodiments of the present disclosure, layers which
include the carbazole compound are not limited to the
examples given above. For example, the carbazole compound
according to the present embodiment may be included in any
one of the layers disposed between the anode and cathode in
an organic electroluminescent device.

[0045] At least one selected from L, and L, in the above
Formula 1 may be a single bond or any one of substituted or
unsubstituted connecting groups represented by the follow-
ing structural formulae and collectively denoted as Formula 2
(e.g., at least one selected from L, and L, may be a single
bond or a substituted or unsubstituted connecting group
selected from the following groups collectively denoted as
Formula 2). For example, at least one selected from L, and L,
may be a single bond, any one of unsubstituted connecting
groups represented by the following structural formulae (For-
mula 2), or any one of substituted connecting groups repre-
sented by the structural following formulae (Formula 2) and
substituted by any suitable substituent.

B
=47
N AN

SOS T S

a SA Va

Formula 2
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[0046] Insome embodiments, at least one selected from L,
and L, may be a single bond or any one of substituted or
unsubstituted connecting groups represented by the follow-
ing structural formulae and collectively denoted as Formula 3
(e.g., at least one selected from L, and L, may be a single
bond or a substituted or unsubstituted connecting group
selected from the following groups collectively denoted as
Formula 3). For example, at least one selected from L, and L,
may be a single bond, any one of unsubstituted connecting
groups represented by the structural formulae (Formula 3), or
any one of substituted connecting groups represented by the
structural formulae (Formula 3) and substituted by any suit-
able substituent.

-

Formula 3

Lo e

[0047] Insomeembodiments, at least one selected from L,
and L., may be a single bond or a connecting group in which
abonding position of a carbazole ring and a bonding position
of an arylamino group are para-coordinated (e.g., a carbazole
ring and an arylamino group may be coupled to the connect-
ing group at para positions). In some embodiments, at least
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one selected from L, and [, may be any one of substituted or
unsubstituted connecting groups represented by the follow-
ing structural formulae and collectively denoted as Formula 4
(e.g.,atleast one selected from L, and [, may be a substituted
or unsubstituted connecting group selected from the follow-
ing groups collectively denoted as Formula 4). For example,
at least one selected from [, and L, may be any one of
unsubstituted connecting groups represented by the follow-
ing structural formulae (Formula 4), or any one of substituted
connecting groups represented by the structural formulae
(Formula 4) and substituted by any suitable substituent.

Formula 4
[0048] When at least one selected from L, and L, is a

connecting group or a single bond, as described above, the
torsion angle between the carbazole ring and the arylamino
group is further increased in the carbazole compound accord-
ing to the present embodiment. Accordingly, the band gap
between the HOMO and LUMO is increased even further,
and thus the carbazole compound according to the present
embodiment may improve the hole transporting ability and
electron blocking ability even further.

[0049] In Formula 1, the Ar, to Ar, may be each indepen-
dently selected from substituted or unsubstituted aryl groups
and substituted or unsubstituted heteroaryl groups repre-
sented by the following structural formulae and collectively
denoted as Formula 5 (e.g., Ar, to Ar, may be each indepen-
dently a substituted or unsubstituted aryl group or a substi-
tuted or unsubstituted heteroaryl group selected from the
following groups collectively denoted as Formula 5). For
example, the Ar, to Ar, may be each independently selected
from unsubstituted aryl and heteroaryl groups represented by
the following structural formulae (Formula 5), and substi-
tuted aryl and heteroaryl groups represented by the following
structural formulae (Formula 5) and substituted by any suit-
able substituent.

Formula 5
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[0050] Whenthe Ar, to Ar, are as described above, the hole
transporting ability of the carbazole compound according to
an embodiment of the present disclosure may be further
improved so that the emission efficiency of an organic elec-
troluminescent device including the carbazole compound
may also be further improved.

[0051] Insomeembodiments, the Ar, to Ar, may be an aryl
or heteroaryl group having up to 14 carbon atoms for forming
aring. For example, the Ar, to Ar, may be each independently
selected from a phenyl group, a biphenyl group, and a naph-
thyl group. As used herein, an expression “atoms for forming
aring” may refer to “ring-forming atoms.”

[0052] When the molecular weight of a carbazole com-
pound is excessively large, the film formability in the depo-
sition process may be degraded. Thus, in embodiments of the
present disclosure, the Ar, to Ar, may be a substituent having
a small molecular weight, for example, an aryl or heteroaryl
group having up to 14 carbon atoms for forming a ring. Here,
although the minimum number of carbon atoms for forming a
ring in the Ar, to Ar, is not specifically limited, number of
carbon atoms may be at least 6 in the aryl group and at least 1
in the heteroaryl group.

[0053] The carbazole compound of embodiments of the
present disclosure may have a molecular weight of about 500
to about 1,000. When the molecular weight of the carbazole
compound exceeds about 1,000, the film formability during
the deposition process may be degraded. When the molecular
weight of the carbazole compound is less than about 500, the
heat resistance may be degraded.

[0054] The R, to R, in Formula 1 may be each indepen-
dently selected from hydrogen, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an alkoxy group, an
aryloxy group, an alkyl or aryl substituted silyl group, a
substituted or unsubstituted alkyl group, a substituted or
unsubstituted aryl group, a substituted or unsubstituted het-
eroaryl group, etc., or any substituents thereof. In some
embodiments, the R, to R, may be each independently
selected from hydrogen, a fluorine atom, a cyano group, a
methyl group, and a phenyl group.

[0055] The carbazole compound according to the present
embodiments may be selected from Compounds 1 to 28. For
example, any of Compounds 1,2, 9,and 11 to 13 may be used
as ahole transfer material. However, the carbazole compound
according to the present embodiment is not limited to the
following compounds.
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[0056] The carbazole compound according to the present
embodiment has been described above in more detail. Since
the carbazole compound according to the present embodi-
ment has a very large band gap, the carbazole compound may
have a high hole transporting ability and electron blocking
ability. Thus, using the carbazole compound according to the
present embodiment as a hole transport material may improve
the emission efficiency of an organic electroluminescent
device.

[0057] Inthe present disclosure, an aryl group may include,
for example, a phenyl group, a biphenyl group, a terphenyl
group, a naphthyl group, an anthryl group, a phenanthrenyl
group, a fluorenyl group, an indenyl group, a pyrenyl group,
a fluoranthenyl group, a triphenylenyl group, etc. An arylene
group may refer to a divalent group in which one additional
hydrogen of the aryl group is substituted.

[0058] In the present disclosure, a heteroaryl group may
include, for example, a pyrazinyl group, a pyrrolyl group, a
pyridyl group, apyrimidyl group, a pyridazyl group, a furanyl

group, a pyranyl group, a thienyl group, a quinolyl group, an
isoquinolyl group, a benzofuranyl group, a benzothienyl
group, an indolyl group, a benzoxazolyl group, a benzothia-
zolyl group, a quinoxalyl group, a benzoimidazolyl group, a
pyrazolyl group, a tetrazolyl group, an imidazolyl group, an
oxazolyl group, an isoxazolyl group, a thiazolyl group, an
isothiazolyl group, a carbazolyl group, a dibenzofuranyl
group, a dibenzothienyl group, etc.

[0059] In the present disclosure, an alkyl group may
include, for example, a straight-chain (e.g., linear) alkyl
group such as a methyl group, an ethy! group, a propyl group,
a butyl group, an octyl group, a decyl group, a pentadecyl
group, etc., and a branched chain (e.g., branched) alkyl group
such as a t-butyl group, etc.

[0060] According to embodiments of the present disclo-
sure, a material for use in organic electroluminescent devices
may include the carbazole compound according to the fore-
going embodiments. The material for use in organic elec-
troluminescent devices may be included in any one of organic
layers disposed (e.g., positioned) between electrodes in the
organic electroluminescent device.



US 2016/0172597 Al

2. ORGANIC ELECTROLUMINESCENT DEVICE
ACCORDING TO AN EMBODIMENT OF THE
INVENTIVE CONCEPT

[0061] An organic electroluminescent device which
includes a carbazole compound of an embodiment of the
present disclosure will be described with reference to the
drawing. The drawing is a schematic diagram illustrating an
example of the organic electroluminescent device according
to the present embodiment.

[0062] An organic electroluminescent device of an
embodiment may include a substrate, a first electrode dis-
posed (e.g., positioned) on the substrate, a second electrode
disposed on the first electrode, and a plurality of lamination
layers disposed between the first and second electrodes. At
least one of the plurality of lamination layers may include the
carbazole compound of the embodiment as described above.

[0063] As illustrated in the drawing, an organic electrolu-
minescent device 100 according to the present embodiment
includes a substrate 110, a first electrode 120 on the substrate
110, a hole injection layer 130 on the first electrode 120, a
hole transport layer 140 on the hole injection layer 130, an
emission layer 150 on the hole transport layer 140, an electron
transport layer 160 on the emission layer 150, an electron
injection layer 170 on the electron transport layer 160, and a
second electrode 180 on the electron injection layer 170.

[0064] The carbazole compound according to the present
embodiment may be included, for example, in the hole trans-
port layer 140. However, the layer which includes the carba-
zole compound according to the present embodiment is not
limited thereto. For example, the carbazole compound
according to the present embodiment may be included in any
one of the layers disposed between the first and second elec-
trodes 120 and 180.

[0065] Any suitable substrate for an organic electrolumi-
nescent device may be used as the substrate 110. For example,
the substrate 110 may be a glass substrate, a semiconductor
substrate, a transparent plastic substrate, etc.

[0066] The first electrode 120 is disposed (e.g., positioned)
on the substrate 110. The first electrode 120 may be, for
example, an anode, and may be formed as a transmissive
electrode using a metal, an alloy, or a conductive compound,
which have a large work function. For example, the first
electrode 120 may be formed of indium tin oxide (In,O,—
Sn02:1TO), indium zine oxide (In,0,—7n0), tin oxide
(Sn0,), zinc oxide (ZnO), etc., which are transparent and
have good conductivity. In some embodiments, the first elec-
trode 120 may be formed as a reflective electrode by laminat-
ing magnesium (Mg), aluminum (Al), etc., on the transparent
conductive layer.

[0067] The hole injection layer 130 is disposed (e.g., posi-
tioned) on the first electrode 120. The hole injection layer 130
may facilitate the easy injection of holes from the first elec-
trode 120 and may be formed to have a thickness of, for
example, about 10 nm to about 150 nm. The hole injection
layer 130, for example, may include one or more of com-
pounds represented by the following structural formulae and
collectively denoted as Formula 8:
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Formula 8

N O'O :
: OO N
[0068] Insome embodiments, the hole injection layer 130
may be formed of any suitable hole injection material. Non-
limiting examples of suitable hole injection materials for
forming the hole injection layer 130 may include tripheny-
lamine-containing poly ether ketone (TPAPEK), 4-isopropyl-
4'-methyldiphenyliodoniumtetrakis(pentafluorophenyl)bo-
rate (PPBI), N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-
amino)-phenyl]-biphenyl-4,4'-diamine (DNTPD), a
phthalocyanine compound such as copper phthalocyanine,
44" 4"-tris(3-methylphenylphenylamino)triphenylamine

(m-MTDATA),  N,N'-di(1-naphthyl)-N,N'-diphenylbenzi-
dine (NPB), 4,4',4"-tris{N,N-

L
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diphenylamino }triphenylamine (TDATA), 4,4',4"-tris(N,N-
2-naphthylphenylamino)triphenylamine (2-TNATA),
polyaniline/dodecylbenzenesulfonic acid (PANI/DBSA),
poly(3,4-ethylenedioxythiophene)/poly(4-styrenesulfonate
(PEDOT/PSS), polyaniline/camphorsulfonic acid (PANI/
CSA), polyaniline/poly(4-styrenesulfonate (PANI/PSS), etc.

Formula 9

Jun. 16,2016

dopant materialis about 0.1% to about 50% by mass based on
the total mass of the host material.

[0072] The dopant material may be, for example, a com-
pound selected from compounds represented by the follow-
ing structural formulae and collectively denoted as Formula
9:

22000
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[0069] The hole transport layer 140 is disposed (e.g., posi-
tioned) on the hole injection layer 130. The hole transport
layer 140 may facilitate the transport of holes and may be
formed to have a thickness of, for example, about 10 nm to
about 150 nm. In some embodiments, the hole transport layer
140 may be formed of multiple layers.

[0070] For example, the hole transport layer 140 may be
formed to include the carbazole compound of an embodiment
of the present disclosure. However, in the embodiments
where the carbazole compound according to the present
embodiment is included in another layer, the hole transport
layer 140 may be formed of any suitable hole transport mate-
rial. Non-limiting examples of suitable hole transport mate-
rials may include 1,1-bis[(di-4-tolylamino)phenyl|cyclohex-
ane (TAPC), a carbazole derivative such as N-phenyl
carbazole and/or polyvinyl carbazole; N,N'-bis(3-methylphe-
nyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD); 4,4,
4"-tris(N-carbazolyl)triphenylamine (TCTA); N,N'-di(1-
naphthyl)-N,N'-diphenylbenzidine (NPB), etc.

[0071] The emission layer 150 is disposed (e.g., posi-
tioned) on the hole transport layer 140. The emission layer
150 may emit light through fluorescence, phosphorescence,
etc. and may be formed to have a thickness of, for example,
about 10 nm to about 60 nm. The emission layer 150 may be
formed as, for example, a mixed layer of dopant and host
materials. For example, the emission layer 150 may be
formed as a mixed layer in which a doping amount of the

A N
J

P
S

[0073] Thehost material may be, for example, a compound
selected from compounds represented by the following struc-
tural formulae and collectively denoted as Formula 10:

Formula 10

s
/\|
>

N N

N \/| 7
N
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[0074] In some embodiments, the emission layer 150 may
be formed of any suitable light-emitting material. Non-limit-
ing examples of suitable light-emitting materials may include
a fluoranthene derivative, a styryl derivative, a pyrene deriva-
tive, an arylacetylene derivative, a fluorene derivative, a
perylene derivative, a chrysene derivative, etc. For example,
the emission layer 150 may also be formed of a styryl deriva-
tive, a pyrene derivative, a perylene derivative, and/or an
anthracene derivative.

[0075] For example, an anthracene derivative represented
by the following Formula 11 may be used as the light-emit-
ting material of the emission layer 150:

Formula 11
(AIS)n
~
N
Va
[0076] Inthe above Formula 11, Ar; may be selected from

hydrogen, deuterium, a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms for forming a ring, a
substituted or unsubstituted cycloalkyl group having 3 to 50
carbon atoms for forming a ring, a substituted or unsubsti-
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tuted alkoxy group having 1 to 50 carbon atoms for forming
aring, a substituted or unsubstituted aralkyl group having 7 to
50 carbon atoms for forming a ring, a substituted or unsub-
stituted aryloxy group having 6 to 50 carbon atoms for form-
ing a ring, a substituted or unsubstituted arylthio group hav-
ing 6 to 50 carbon atoms for forming a ring, a substituted or
unsubstituted alkoxycarbonyl group having 2 to 50 carbon
atoms for forming a ring, a substituted or unsubstituted aryl
group having 6 to 50 carbon atoms for forming a ring, a
substituted or unsubstituted silyl group having 5 to 50 carbon
atoms for forming a ring, a carboxyl group, a halogen atom, a
cyano group, a nitro group, and a hydroxyl group; and n may
be an integer from 1 to 10.

[0077] Insome embodiments, Ars may be selected from a
phenyl group, a biphenyl group, a terphenyl group, a naphthyl
group, anthryl group, a phenanthryl group, a fluorenyl group,
an indenyl group, a pyrenyl group, an acetonaphthenyl group,
a fluoranthenyl group, a triphenylenyl group, a pyridyl group,
a furanyl group, a pyranyl group, a thienyl group, a quinolyl
group, a isoquinolyl group, a benzofuranyl group, a ben-
zothienyl group, an indolyl group, a carbazolyl group, a ben-
zoxazolyl group, a benzothiazolyl group, a quinoxalyl group,
a pyrazolyl group, a dibenzofuranyl group, a dibenzothienyl
group, etc. For example, Ars may be selected from a phenyl
group, a biphenyl group, a terpheny! group, a fluorenyl group,
a carbazolyl group, a dibenzofuranyl group, etc.

[0078] The anthracene derivative represented by the above
Formula 11 may be selected from, for example, compounds
a-1 to a-12 represented by the following structural formulae
and collectively denoted as Formula 12. However, the com-
pound represented by Formula 11 is not limited to the follow-
ing compounds a-1 to a-12.

Formula 12

a-1

NS o

a2

_g O%D
0 O
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[0079] In some embodiments, the emission layer 150 may
be formed of a styryl derivative such as 1,4-bis[2-(3-N-eth-
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ylcarbazoryl)vinyl]benzene (BCzVB), 4-(di-p-tolylamino)-
4'-[(di-p-tolylamino)styryl]stilbene (DPAVB), N-(4-((E)-2-
(6-((E)-4-(diphenylamino)styryl)naphthalen-2-yljvinyl)
phenyl)-N-phenylbenzenamine (N-BDAVBi), etc. The
emission layer 150 may also be formed of, for example, a
perylene derivative (such as 2,5,8,11-tetra-t-butylperylene
(TBPe), etc.) or a pyrene derivative (such as 1,1-dipyrene,1,
4-dipyrenylbenzene,1,4-bis(N,N-diphenylamino)pyrene,
etc.) However, the embodiment of the present inventive con-
cept 1s not limited by the above example compounds.

[0080] The electron transport layer 160 is disposed (e.g.,
positioned) on the emission layer 150. The electron transport
layer 160 may facilitate the transport of electrons and may be
formed to have a thickness, for example, of about 15 nm to
about 50 nm. The electron transport layer 160 may be formed
of, for example, any of compounds represented by the fol-
lowing structural formulae and collectively denoted as For-
mula 13:

Formula 13
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[0081] The electron transport layer 160 may be formed of
any suitable electron transport material. Non-limiting
examples of suitable electron transport materials may include
tris(8-hydroxyquinolinato)aluminum (Alq3), a compound
which has a nitrogen-containing aromatic ring, etc. Non-
limiting examples of the compound which has a nitrogen-
containing aromatic ring may include a compound which has
a pyridine ring, such as 1,3,5-tri[ (3-pyridyl)-phen-3-yl]ben-
zene; a compound which has a triazine ring, such as 2,4,6-tris
(3'-(pyridin-3-yl)biphenyl-3-yl)-1,3,5-triazine; a compound
which has an imidazole ring, such as 2-(4-(N-phenylben-
zoimidazolyl-1-ylphenyl)-9,10-dinaphthylanthracene; etc.
[0082] The electron injection layer 170 is disposed (e.g.,
positioned) on the electron transport layer 160. The electron
injection layer 170 may facilitate the easy injection of elec-
trons from the second electrode 180, and may be formed to
have a thickness of about 0.3 nm to about 9 nm. Any material
suitable for forming an electron injection layer may be used
for the electron injection layer 170. For example, the electron
injection layer 170 may be formed of a lithium (Li) complex
(such as lithium 8-quinolinolato (Liq), lithium fluoride (LiF),
etc.), sodium chloride (NaCl), cesium fluoride (CsF), lithium
oxide (Li,0), barium oxide (BaO), etc.

[0083] The second electrode 180 is disposed (e.g., posi-
tioned) on the electron injection layer 170. The second elec-
trode 180 may be, for example, a cathode, and may be formed
as a reflective electrode using a metal, an alloy, or a conduc-
tive compound, which have a low work function. The second
electrode 180 may also be formed of, for example, a metal
such as lithium (L1), magnesium (Mg), aluminum (Al), cal-
cium (Ca), etc., or a mixture of metals such as aluminum-
lithium (Al—Li), magnesium-indium (Mg—In), magne-
sium-silver (Mg—Ag), etc. In some embodiments, the
second electrode 180 may be formed as a transmissive elec-
trode using a thin film of the metal material having a thickness
up to about 20 nm, or using a transparent conductive film such
as indium tin oxide, indium zinc oxide, etc.

[0084] Each of the above-described layers may be formed
by one or more suitable film forming methods, such as
vacuum deposition, sputtering, various coating methods, etc.,
selected according to the material to be used in each layer. The
organic layers disposed (e.g., positioned) between the first
electrode 120 and the second electrode 180 may each inde-
pendently be formed, for example, through various suitable
deposition methods, various coating methods, etc. The metal
layers (such as the first electrode 120 and the second electrode
180) may each independently be formed, for example,
through vacuum deposition, sputtering, etc.

[0085] An example of the organic electroluminescent
device 100 according to the present embodiment has been
described hereinabove. The organic electroluminescent
device 100 according to the present embodiment may include
the carbazole compound represented by Formula 1, and may
have improved emission efficiency.
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[0086] However, the lamination structure of the organic
electroluminescent device 100 according to the present
embodiment is not limited to the example as described above.
The organic electroluminescent device 100 according to the
present embodiment may also be provided to have another
suitable lamination structure. For example, the organic elec-
troluminescent device 100 may exclude at least one selected
from the hole injection layer 130, the hole transport layer 140,
the electron transport layer 160, and the electron injection
layer 170. In some embodiments, the organic electrolumines-
cent device 100 may include other additional layers. Fach
layer which is included in the organic electroluminescent
device 100 may be formed as a single layer, or as multiple
layers (e.g., to have a single-layer or a multi-layer structure).
[0087] The organic electroluminescent device 100 may
also include a hole blocking layer between the electron trans-
port layer 160 and the emission layer 150 to prevent or reduce
the diffusion of triplet excitons and holes into the electron
transport layer 160. The hole blocking layer may be formed
of, for example, an oxadiazole derivative, a triazole deriva-
tive, a phenanthroline derivative, etc.

3. EXAMPLES

[0088] Hereinafter, a carbazole compound according to the
present embodiment, and an organic electroluminescent
device including the carbazole compound will be described in
more detail with reference to Examples and Comparative
Examples. However, the Examples provided below are for
illustrative purposes only, and the carbazole compound
according to the present embodiment and the organic elec-
troluminescent device including the carbazole compound are
not limited to these Examples.

3.1. Synthesis of Carbazole Compound

[0089] A method of synthesizing the carbazole compound
according to the present embodiment will be described by
showing example methods of synthesizing Compounds 12
and 15. However, methods of synthesizing carbazole com-
pounds according to the present embodiments are not limited
to examples provided below.

3.1.1. Synthesis of Compound 12

[0090] Compound 12, an example of a carbazole com-
pound according to the present embodiment, was synthesized
using the following acts.

[0091] First, under an argon (Ar) atmosphere, 3.16 g of
4-bromo-9H-carbazole, 4.77 g of 4-(diphenylamino)phenyl-
boronic acid pinacol ester, 225 mL of toluene, 4.9 g of potas-
sium phosphate (K;P0,), 0.93 g of tetrakis(triphenylphos-
phine)palladium(0) (Pd(PPh;),), 18 mL of ethanol, and 30
mL of water were added, in the stated order, into a 500 mL
three-necked flask, followed by heating and refluxing the
resultant mixture at 90° C. for 10 hours. The solid thus
obtained was purified through flash column chromatography
to obtain 4.8 g (Yield 92%) of a white, solid intermediate
product 1.

[0092] Next, under an argon (Ar) atmosphere, 4.8 g of the
intermediate product 1, 5.3 g of 3-bromobiphenylyl)dipheny-
lamine, 200 mL of toluene, 0.27 g of tris(dibenzylideneac-
etone)dipalladium(0) (Pd,(dba),), 6.9 g of sodium-t-butoxide
(t-BuONa), 250 mL of dry toluene, and 0.9 mLL of a 2 M
solution of tri(t-butyl)phosphine were added, in the stated
order, into a 500 mL three-necked flask, followed by stirring
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the resultant mixture at 60° C. for 12 hours. Water was added
to the reaction mixture, the resultant mixture was then
extracted using dichloromethane, and the organic layer thus
extracted was solidified through evaporation. The solid thus
obtained was purified through flash column chromatography
to obtain 4.3 g (Yield 50%) of the white, solid Compound 12.

[0093] The obtained target compound was analyzed using
'HNMR (1 H Nuclear Magnetic Resonance: 300 MHz,
CDCl;, ppm), and the measured chemical shift values (3)
were 7.0-7.2 (m, SH), 7.2-7.38 (m, 15H), 7.4-7.45 (m, 3H),
7.46-7.56 (m, 5H), 7.64 (1, 1 H), 7.69 (dt, 1 H), 7.74 (d, 1 H),
7.77 (t, 1 H). In addition, the obtained target compound was
also analyzed using FAB-MS (Fast Atom Bombardment-
Mass Spectrometry), and the measured molecular weight was
729. The results confirmed the obtained target compound as
being Compound 12.

3.1.2. Synthesis of Compound 15

[0094] Compound 15, an example of a carbazole com-
pound according to the present embodiment, was synthesized
through the following procedure.

[0095] First, intermediate product 2 was synthesized using
the same (or substantially the same) method as the one used in
the synthesis of the intermediate product 1, except that
3-(diphenylamino)phenylboronic acid pinacol ester was used
instead of 4-(diphenylamino)phenylboronic acid pinacol
ester. 4.9 g (Yield 94%) of a white, solid intermediate product
2 were obtained.

[0096] Next, under an argon (Ar) atmosphere, 4.8 g of the
intermediate product 2, 4.3 g of 4-bromophenyl)dipheny-
lamine, 200 mL of toluene, 0.27 g of tris(dibenzylideneac-
etone)dipalladium(0), 6.9 g of sodium-t-butoxide, 250 mL of
dry toluene, and 0.9 mL of a 2 M solution of tri(t-butyl)
phosphine were added, in the stated order, into a 500 mL
three-necked flask, followed by stirring the resultant mixture
at 60° C. for 12 hours. Water was added to the reaction
mixture, the resultant mixture was then extracted using
dichloromethane, and the organic layer thus extracted was
solidified through evaporation. The solid thus obtained was
purified through flash column chromatography to obtain4.7 g
(Yield 60%) of the white, solid Compound 15.

[0097] The obtained target compound was analyzed using
'HNMR and FAB-MS. The molecular weight measured
using FAB-MS was 653. The results confirmed the obtained
target compound as being Compound 15.

3.2. Manufacturing of Organic Electroluminescent
Device

[0098] A blue light-emitting organic electroluminescent
device which includes the carbazole compound according to
the present embodiment was manufactured through the fol-
lowing acts by using vacuum deposition.

3.2.1. Example 1

[0099] First, surface treatment using ultra-violet radiation
and ozone (O;) was performed on an ITO-glass substrate
which was subjected to patterning and cleaning. In addition,
an ITO layer (herein, a first electrode) on an ITO-glass sub-
strate may have a thickness of about 150 nm. The surface-



US 2016/0172597 Al

treated substrate was placed inside a deposition apparatus for
forming an organic film, in which a hole injection layer, a hole
transport layer (HTL), an emission layer, and an electron
transport layer were successively laminated under a vacuum
level of about 107 to about 10~ Pa.

[0100] The hole injection layer was formed of 4,4' 4"-tris
(N,N-2-naphthylphenylamino)triphenylamine (2-TNATA) to
have a thickness of about 60 nm. The hole transport layer
(HTL) was formed of the Compound 12 to have a layer
thickness of about 30 nm. The emission layer was formed
using 9,10-di(2-naphthyl)anthracene (ADN) as a host mate-
rial and 2,5,8,11-tetra-t-butylperylene (TBP) as a dopant
material, to have a layer thickness of about 25 nm. A doping
amount of the dopant material was about 3% by mass based
on the total mass of the host material. The electron transport
layer was formed of Alq3 to have a thickness of about 25 nm.

[0101] Next, the substrate was transferred to the deposition
apparatus for forming metal layers, and an electron injection
layer and a second electrode were deposited thereon under a
vacuum level of about 10~ to about 10~° Pa, thus completing
the manufacture of an organic electroluminescent device. The
electron injection layer was formed of lithium fluoride (LiF)
to have a layer thickness of about 1 nm, and the second
electrode was formed of aluminum (Al) to have a layer thick-
ness of about 100 nm.

3.2.2. Example 2

[0102] An organic electroluminescent device was manu-
factured using the same (or substantially the same) method as
the manufacturing method of Example 1 except a hole trans-
port layer was formed using Compound 15 instead of Com-
pound 12.

[0103] The structures of Compounds 12 and 15 are shown
below and collectively denoted as Formula 14.

Formula 14

Compound 12

‘am

Jun. 16,2016

-continued
Compound 15

G OY 0

3.2.3. Comparative Example 1

[0104] An organic electroluminescent device was manu-
factured using the same (or substantially the same) method as
the manufacturing method of Example 1 except a hole trans-
port layer was formed using Compound cl instead of Com-
pound 12. In Compound c1 (illustrated below), only position
3 of a carbazole ring is substituted with an arylamino group.

3.2.4. Comparative Example 2

[0105] An organic electroluminescent device was manu-
factured using the same (or substantially the same) method as
the manufacturing method of Example 1 except a hole trans-
port layer was formed using Compound c2 instead of Com-
pound 12. In Compound ¢2 (illustrated below), an arylamino
groupis substituted only at position 4 of the carbazole ring (or
position 5, if carbon positions in the carbazole ring are
assigned counterclockwise).

3.2.5 Comparative Example 3

[0106] An organic electroluminescent device was manu-
factured using the same (or substantially the same) method as
the manufacturing method of Example 1 except a hole trans-
port layer was formed using Compound ¢3, instead of Com-
pound 12. In Compound c3 (illustrated below), positions 3
and 9 in the carbazole ring are substituted with arylamino

oups.
ormlga 15

Compound ¢l

Soof
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3.3. Evaluation Results

[0107] Evaluation results of the organic electroluminescent
devices which were manufactured according to Examples 1
and 2, and Comparative Examples 1 to 3 are shown in the
following Table 1. A C9920-11 luminance distribution char-
acteristic measuring device (produced by HAMAMATSU
Photonics) was used in the evaluation of the electrolumines-
cent properties of the manufactured organic electrolumines-
cent devices 100. The results which are shown in the follow-
ing Table 1 were measured at a current density of about 10
mA/cm?,

TABLE 1
Operating Emission
Voltage Efficiency
HTL V] (cd/A)
Example 1 Compound 12 7.9 7.1
Example 2 Compound 15 8.1 6.9
Comparative Compound cl 7.5 5.2
Example 1
Comparative Compound c2 8.1 6.2
Example 2

20
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TABLE 1-continued
Operating Emission
Voltage Efficiency
HTL V] (cd/A)
Comparative Compound ¢3 7.8 4.7
Example 3
[0108] Referring to the results in Table 1, it can be seen that

in Examples 1 and 2, in which the carbazole compound
according to the present embodiment was used in the hole
transport layer, the emission efficiency could be improved
without substantially increasing the operating voltage, as
compared to Comparative Examples 1 to 3.

[0109] For example, it can be seen that the organic elec-
troluminescent devices of Examples 1 and 2 had improved
emission efficiency, when compared to Comparative
Examples 1 and 2 respectively using Compounds c1 and c2,
which did not include an arylamino group at position 9 of the
carbazole ring. In addition, it can also be seen that the organic
electroluminescent devices of Examples 1 and 2 (using com-
pounds which included arylamino groups at positions 4 and 9
positions of the carbazole ring) had improved emission effi-
ciency, when compared to Comparative Example 3 using
Compound c¢3, which included arylamino groups at positions
3 and 9 positions of the carbazole ring.

[0110] According to embodiments of the present disclo-
sure, a carbazole compound including arylamino groups
coupled at positions 4 and 9 of the carbazole ring may
improve the emission efficiency of an organic electrolumi-
nescent device.

[0111] The carbazole compound according to the present
embodiment may be represented by the above-described For-
mula 1, and may improve the emission efficiency of an
organic electroluminescent device which uses the carbazole
compound. The carbazole compound according to the present
embodiment may be used as a material in an organic elec-
troluminescent device, for example, may be used as a hole
transport material.

[0112] As described above, according to embodiments of
the present inventive concept, the emission efficiency of an
organic electroluminescent device may be improved.

[0113] Asusedherein, expressions such as “atleast one of,”
“one of)” “at least one selected from,” and “one selected
from,” when preceding a list of elements, modify the entire
list of elements and do not modify the individual elements of
the list. Further, the use of “may” when describing embodi-
ments of the present invention refers to “one or more embodi-
ments of the present invention.”

[0114] Inaddition, as used herein, the terms “use,” “using,”
and “used” may be considered synonymous with the terms
“utilize,” “utilizing,” and “utilized,” respectively.

[0115] As used herein, the terms “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the inher-
ent deviations in measured or calculated values that would be
recognized by those of ordinary skill in the art.

[0116] Also, any numerical range recited herein is intended
to include all sub-ranges of the same numerical precision
subsumed within the recited range. For example, a range of
“1.0 to 10.0” is intended to include all subranges between
(and including) the recited minimum value of 1.0 and the
recited maximum value of 10.0, that is, having a minimum
value equal to or greater than 1.0 and a maximum value equal

29 ¢c
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to or less than 10.0, such as, for example, 2.4 to 7.6. Any
maximum numerical limitation recited herein is intended to
include all lower numerical limitations subsumed therein and
any minimum numerical limitation recited in this specifica-
tion is intended to include all higher numerical limitations
subsumed therein. Accordingly, Applicant reserves the right
to amend this specification, including the claims, to expressly
recite any sub-range subsumed within the ranges expressly
recited herein.

[0117] The above-disclosed subject matter is to be consid-
ered illustrative and not restrictive, and the appended claims
and equivalents thereof are intended to cover all such modi-
fications, enhancements, and other embodiments, which fall
within the true spirit and scope of the present inventive con-
cept. Thus, to the maximum extent allowed by law, the scope
of the present inventive concept is to be determined by the
broadest permissible interpretation of the following claims
and their equivalents, and shall not be restricted or limited by
the foregoing detailed description.

What is claimed is:
1. A carbazole compound represented by Formula 1:

Formula 1

wherein, in Formula 1,

R, to R, are each independently selected from hydrogen, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an alkoxy group, an aryloxy group, an alkyl or
aryl substituted silyl group, a substituted or unsubsti-
tuted alkyl group, a substituted or unsubstituted aryl
group, and a substituted or unsubstituted heteroaryl
group,

Ar, to Ar, are each independently selected from a substi-
tuted or unsubstituted alkyl group, a substituted or
unsubstituted aryl group, and a substituted or unsubsti-
tuted heteroaryl group; and

L, and L, are each independently selected from a single
bond and a substituted or unsubstituted arylene group.

2. The carbazole compound ofclaim 1, wherein at least one

selected from L, and L, is a single bond or a substituted or
unsubstituted connecting group selected from the following
groups collectively denoted as Formula 2:

N X
LT LT

Formula 2
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3. The carbazole compound of claim 1, wherein at least one
selected from L, and L, is a single bond or a substituted or
unsubstituted connecting group selected from the following
groups collectively denoted as Formula 3:

Formula 3

JOC RS04

4. The carbazole compound of claim 1, wherein at least one
selected from L, and L, is a substituted or unsubstituted
connecting group selected from the following groups collec-
tively denoted as Formula 4:
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9. The carbazole compound of claim 1, wherein the carba-
zole compound is selected from Compounds 1,2, 9, and 11 to
13.

oA |

5. The carbazole compound of claim 1, wherein the Ar, to
Ar, are each independently a substituted or unsubstituted aryl

group or a substituted or unsubstituted heteroaryl group N
selected from the following groups collectively denoted as
Formula 5: N
N
Formula 5
OO0~

Q

’: o Q@:j

6. The carbazole compound of claim 5, wherein the Ar; to
Ar, each independently comprise up to 14 carbon atoms for
forming a ring.

Formula 4

9

R, are each independently selected from hydrogen, a fluorine
atom, a cyano group, a methyl group, and a phenyl group.

7. The carbazole compound of claim 1, wherein the R, to O

8. The carbazole compound of claim 1, wherein the carba-
zole compound has a molecular weight of 500 to 1,000.
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10. A material for use in an organic electroluminescent
device, the material comprising the carbazole compound of
claim 1.

Jun. 16,2016

11. An organic electroluminescent device, comprising:
a substrate;

a first electrode on the substrate;

a second electrode on the first electrode; and

a plurality of lamination layers between the first and sec-
ond electrodes;

wherein at least one of the plurality of lamination layers
comprises a carbazole compound represented by For-
mula 1:

Formula 1

wherein, in Formula 1,

R, to R, are each independently selected from hydrogen, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an alkoxy group, an aryloxy group, an alkyl or
aryl substituted silyl group, a substituted or unsubsti-
tuted alkyl group, a substituted or unsubstituted aryl
group, and a substituted or unsubstituted heteroaryl

group,
Ar, to Ar, are each independently selected from a substi-
tuted or unsubstituted alkyl group, a substituted or

unsubstituted aryl group, and a substituted or unsubsti-
tuted heteroaryl group: and

L, and L, are each independently selected from a single
bond and a substituted or unsubstituted arylene group.

12. The organic electroluminescent device of claim 11,
wherein the plurality of lamination layers comprises a hole
transport layer comprising the carbazole compound repre-
sented by Formula 1.

13. The organic electroluminescent device of claim 11,
wherein at least one selected from L, and L, in Formula 1 is
a single bond or a substituted or unsubstituted connecting
group selected from the following groups collectively
denoted as Formula 2:

1N —X
BB

— —
/<\ /> < > <\ />

Formula 2
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| \ \ Formula 4
NN

~——OA-

T 16. The organic electroluminescent device of claim 11,
wherein the Ar, to Ar,, in Formula 1 are each independently a
substituted or unsubstituted aryl group or a substituted or
unsubstituted heteroaryl group selected from the following
groups collectively denoted as Formula 3:

000
O-0-0CC

Formula 5

14. The organic electroluminescent device of claim 11,
wherein at least one selected from L, and [, in Formula 1 is
a single bond or a substituted or unsubstituted connecting
group selected from the following groups collectively
denoted as Formula 3:

Formula 3

L0

~
o

17. The organic electroluminescent device of claim 16,
wherein the Ar, to Ar, each independently comprise up to 14
carbon atoms for forming a ring.

-O-0O-C

Lo o

15. The organic electroluminescent device of claim 11,

18. The organic electroluminescent device of claim 11,
wherein the R, to R, are each independently selected from
hydrogen, a fluorine atom, a cyano group, amethyl group, and
a phenyl group.

wherein at least one selected from L., and L, in Formula 1 is
asubstituted or unsubstituted connecting group selected from
the following groups collectively denoted as Formula 4:

19. The organic electroluminescent device of claim 11,
wherein the carbazole compound represented by Formula 1
has a molecular weight of 500 to 1,000.
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20. The organic electroluminescent device of claim 11, _continued
wherein the carbazole compound represented by Formula 1 is 11

selected from Compounds 1, 2, 9, and 11 to 13:
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