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MATERIAL FOR AN ORGANIC
OPTOELECTRONIC DEVICE, ORGANIC
LIGHT EMITTING DIODE INCLUDING THE
SAME, AND DISPLAY DEVICE INCLUDING
THE ORGANIC LIGHT EMITTING DIODE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Korean Patent Application No. 10-2011-0059835,
filed on Jun. 20, 2011, in the Korean Intellectual Property
Office, and entitled: “Material for Organic Optoelectronic
Device, Organic Light Emitting Diode Including the Same
and Display Including the Organic Light Emitting Diode,” is
incorporated by reference herein in its entirety.

[0002] This application is a continuation of pending Inter-
national Application No. PCT/KR2011/007182, entitled
“Material for Organic Optoelectronic Device, Organic Light
Emitting Diode Including the Same and Display Including
the Organic Light Emitting Diode,” which was filed on Sep.
29,2011, the entire contents of which are hereby incorporated
by reference.

BACKGROUND

[0003] 1.Field

[0004] Embodiments relate to a material for an organic
optoelectronic device, an organic light emitting diode includ-
ing the same, and a display device including the organic light
emitting diode.

[0005] 2. Description of the Related Art

[0006] An organic optoelectronic device is a device in
which a charge exchange occurs between an electrode and an
organic material by using a hole or an electron.

[0007] An organic optoelectronic device may be classified
as follows in accordance with its driving principles. One type
of organic optoelectronic device is an electronic device driven
as follows: excitons are generated in an organic material layer
by photons from an external light source; the excitons are
separated into electrons and holes; and the electrons and holes
are transferred to different electrodes as a current source
(voltage source).

[0008] Another type of organic optoelectronic device is an
electronic device driven as follows: a voltage or a current is
applied to at least two electrodes to inject holes and/or elec-
trons into an organic material semiconductor positioned at an
interface of the electrodes; and the device is driven by the
injected electrons and holes.

[0009] An organic optoelectronic device may include a
photoelectric device, an organic light emitting diode (OLED),
an orgaric solar cell, an organic photo-conductor drum, an
organic transistor, an organic memory device, or the like, and
may include a hole injecting or transporting material, an
electron injecting or transporting material, or a light emitting
material.

[0010] For example, the organic light emitting diode
(OLED) has recently drawn attention due to an increase in
demand for flat panel displays. Organic light emission may
refer to transformation of electrical energy to photo-energy.

[0011] The organic light emitting diode may transform
electrical energy into light by applying current to an organic
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light emitting material. It may have a structure in which a
functional organic material layer is interposed between an
anode and a cathode. The organic material layer may include
a multi-layer including different materials, e.g., a hole injec-
tion layer (HIL), a hole transport layer (HTL), an emission
layer, an electron transport layer (ETL), and/or an electron
injection layer (EIL), in order to help improve efficiency and
stability of an organic light emitting diode.

[0012] In such an organic light emitting diode, when a
voltage is applied between an anode and a cathode, holes from
the anode and electrons from the cathode may be injected to
an organic material layer. Generated excitons generate light
having certain wavelengths while shifting to a ground state.

SUMMARY

[0013] Embodiments are directed to a material for an
organic optoelectronic device, an organic light emitting diode
including the same, and a display device including the organic
light emitting diode.

[0014] The embodiments may be realized by providing a
material for an organic optoelectronic device, the material
including at least one compound represented by the following
Chemical Formula A-1; and at least one compound repre-
sented by the following Chemical Formula B-1:

[Chemical Formula A-1]

RG
Il
o
AP

[0015] wherein, in Chemical Formula A-1 Ar' may be a
substituted or unsubstituted pyridiny]l group, Ar* may be
hydrogen, deuterium, a C1 to C30 alkyl group, a C6 to C30
aryl group, or a substituted or unsubstituted pyrimidyl group,
and R! to R® may each independently be hydrogen, deute-
rium, a C1 to C30 alkyl group, a C6 to C30 aryl group, or a
combination thereof, and

[Chemical Formula B-1]




US 2014/0034940 Al

[0016] wherein, in Chemical Formula B-1 Ar® may be a
substituted or unsubstituted heteroaryl group including at
least two nitrogen atoms, Ar* may be hydrogen, deuterium, a
C1 to C30 alkyl group, C6 to C30 aryl group, or a substituted
or unsubstituted heteroaryl group that includes at least two
nitrogen atoms, and R” to R'* may each independently be
hydrogen, deuterium, a C1 to C30 alkyl group, a C6 to C30
aryl group, or a combination thereof.

[0017] Theatleastone compound represented by Chemical
Formula A-1 may be represented by the following Chemical
Formula A-2, and the at least one compound represented by
Chemical Formula B-1 may be represented by the following
Chemical Formula B-2:

[Chemical Formula A-2]

[0018] wherein, in Chemical Formula A-2 Ar' may be a
substituted or unsubstituted pyridinyl group, Ar* may be
hydrogen, deuterium, a C1 to C30 alkyl group, a C6 to C30
aryl group, or a substituted or unsubstituted pyrimidyl group,
and R' to R® may each independently be hydrogen, deute-
rium, a C1 to C30 alkyl group, a C6 to C30 aryl group, or a
combination thereof, and

[Chemical Formula B-2]

[0019] wherein, in Chemical Formula B-2 Ar® may be a
substituted or unsubstituted heteroaryl group including at
least two nitrogen atoms, Ar* may be hydrogen, deuterium, a
C1 to C30 alkyl group, C6 to C30 aryl group, or a substituted
or unsubstituted heteroaryl group that includes at least two
nitrogen atoms, and R” to R'* may each independently be
hydrogen, deuterium, a C1 to C30 alkyl group, a C6 to C30
aryl group, or a combination thereof.
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[0020] Ar® of Chemical Formula B-1 may be represented
by one of the following Chemical Formulae B-3, B-4, B-5, or
B-6:

[Chemical Formula B-3]

Rl
RZ
AN
R? N R4

[Chemical Formula B-4]

)

[Chemical Formula B-5]

[Chemical Formula B-6]

[0021] wherein in Chemical Formulae B-3, B-4, B-3, and
B-6, R! to R* may each independently be a single bond,
hydrogen, deuterium, a C1 to C30 alkyl group, a C6 to C30
aryl group, or a combination thereof, in Chemical Formulae
B-3 and B-4, one of R" to R* may be a single bond linked to
a nitrogen atom of Chemical Formula B-1, and in Chemical
Formulae B-5 and B-6, one of R to R® may be a single bond
linked to a nitrogen atom of Chemical Formula B-1.

[0022] Ar® and Ar* may each independently be a substi-
tuted phenyl group.

[0023] Ar' of Chemical Formula A-1 may be represented
by one of the following Chemical Formula A-3 or Chemical
Formula A-4, in which * is a bonding location to a nitrogen
atom of Chemical Formula A-1:

[Chemical Formula A-3]
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-continued
[Chemical Formula A-101]

[Chemical Formula A-4]

I\i X
T
[0024] Ar® of Chemical Formula B-1 may be represented
by one of the following Chemical Formulae B-7, B-8, or B-9, / \
in which * is a bonding location to a nitrogen atom of Chemi-
cal Formula B-1:

[Chemical Formula B-7]

L]
©)\ N/b [Chemical Formula A-102]
[Chemical Formula B-8]
*
NH\N

[Chemical Formula B-9]

[Chemical Formula A-103]

aval
[0025] Ar® of Chemical Formula B-1 may be a substituted O
or unsubstituted triazinyl group. / \
[0026] Ar® of Chemical Formula B-1 may be a substituted N
or unsubstituted pyrimidinyl group. =N
[0027] The compound represented by Chemical Formula O

A-1 may be represented by one of the following Chemical
Formulae A-101 to A-121:
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-continued -continued
[Chemical Formula A-104] [Chemical Formula A-107]

3}1’" :/»z’

[Chemical Formula A-105]

/\
/\

[Chemical Formula A-106] [Chemical Formula A-109]

yf %?“
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-continued -continued
[Chemical Formula A-110] [Chemical Formula A-113]

3 5 ¢

[Chemical Formula A-114]
[Chemical Formula A-111]

:@s"‘ 3}?{

[Chemical Formula A-115]

% /\
/\
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-continued -continued
[Chemical Formula A-116] [Chemical Formula A-119]

%?'%34

[Chemical Formula A-120]

[Chemical Formula A-117] 4({

[Chemical Formula A-121]

[Chemical Formula A-118]
? AQ/:
¥ \ :/}
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[0028] The compound represented by Chemical Formula _continued
B-1 may be represented by one of the following Chemical

[Chemical Formula B-104]
Formulae B-101 to B-111:

[Chemuical Formula B-101]
Q N

O [Chemical Formula B-105]

[Chemical Fermula B-102] ; : :

[Chemical Formula B-103] [Chemical Formula B-106]

Q
O
5 g*.

Q\KYQ Uy @p
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-continued -continued

[Chemical Formula B-107] [Chemical Formula B-110]

gi } fi

[Chemical Formula B-111]

[Chemical Formula B-108] g AC:

[0029] The compound represented by Chemical Formula
B-1 may be represented by one of the following Chemical
Formulae B-201 to B-221:

[Chemical Formula B-201]

[Chemuical Formula B-109]
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-continued -continued
[Chemuical Formula B-202] [Chemical Formula B-205]

O
Q O
\>,

[Chemical Formula B-206]

N4®7c}h

[Chemical Formula B-203]

\>_ R O

(
.

[Chemical Formula B-207]

[Chemical Formula B-204]

N

O
Q

/\*
O
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-continued -continued
[Chemucal Formula B-208] [Chemical Formula B-211]

}\%f"
- O

[Chemical Formula B-212]
[Chemuical Formula B-209]

by 3 "

Chemical Formula B-213]

[
[Chemical Formula B-210] O Q
ﬁ H
() %\
VAR >
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-continued -continued
[Chemuical Formula B-214] [Chemical Formula B-217]
[Chemical Formula B-215] [Chemical Formula B-218]

}\% dh zfrv

[Chemucal Formula B-216]
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-continued
[Chemuical Formula B-220]

5

[Chemical Formula B-221]

B

[0030] The compound represented by Chemical Formula
B-1may have aLUMO energy level thatis lower by 0.2 eV or
more than a LUMO energy level of the compound repre-
sented by Chemical Formula A-1.

[0031] The organic optoelectronic device may be selected
from the group of an organic photoelectric device, an organic
light emitting diode, an organic solar cell, an organic transis-
tor, an organic photo-conductor drum, and an organic
memory device.

[0032] Theembodiments may also be realized by providing
an organic light emitting diode including an anode; a cathode;
and at least one organic thin layer between the anode and the
cathode, wherein the at least one organic thin layer includes
the material for an organic optoelectronic device according to
an embodiment.

[0033] The at least one organic thin layer may be an emis-
sion layer, a hole transport layer (HTL), a hole injection layer
(HIL), an electron transport layer (ETL), an electron injection
layer (EIL), a hole blocking layer, or a combination thereof.
[0034] The at least one organic thin layer may include the
hole transport layer (HTL) or the hole injection layer (HIL),

12
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and the material for an organic optoelectronic device may be
included in the hole transport layer (HTL) or the hole injec-
tion layer (HIL).

[0035] The at least one organic thin layer may include the
electron transport layer (ETL) or the electron injection layer
(EIL), and the material for an organic optoelectronic device is
included in the electron transport layer (ETL) or the electron
injection layer (EIL).

[0036] The at least one organic thin layer may include the
emission layer, and the material for an organic optoelectronic
device may be included in the emission layer.

[0037] The material for an organic optoelectronic device
may be a phosphorescent or fluorescent host material in the
emission layer.

[0038] Theembodiments may also be realized by providing
a display device comprising the organic light emitting diode
according to an embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Features will be apparent to those of skill in the art
by describing in detail exemplary embodiments with refer-
ence to the attached drawings in which:

[0040] FIGS. 1 to 5 illustrate cross-sectional views show-
ing organic light emitting diodes including compounds
according to various embodiments.

[0041] FIG. 6 illustrates a graph showing life-span charac-
teristics of the organic light emitting diodes according to
Examples 1 to 4 and Comparative Examples 1 to 5.

[0042] FIG. 7 illustrates a graph showing life-span charac-
teristics of the organic light emitting diodes according to
Example 5 and Comparative Example 6.

[0043] FIG. 8 illustrates a liquid chromatography result of
100% of the compound A-101.

[0044] FIG. 9 illustrates a liquid chromatography result of
99.98% of the compound B-103.

[0045] FIG. 10 illustrates a liquid chromatography result of
the materials used in an emission layer for an organic light
emitting diode according to Example 1.

DETAILED DESCRIPTION

[0046] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0047] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

[0048] As used herein, when specific definition is not oth-
erwise provided, the term “substituted” may refer to one
substituted with deuterium, a halogen, a hydroxy group, an
amino group, a substituted or unsubstituted C1 to C20 amine
group, a nitro group, a substituted or unsubstituted C3 to C40
silyl group, a C1 to C30 alkyl group, a C1 to C10 alkylsilyl
group, a C3 to C30 cyclo alkyl group, a C6 to C30 arvl group,
a Cl to C20 alkoxy group, a fluoro group, a C1 to C10
trifluoro alkyl group such as a trifluoromethyl group, or a
cyano group, instead of hydrogen.

[0049] Two adjacent substituents of the substituted
hydroxy group, amino group, a substituted or unsubstituted
C1 to C20 amine group, nitro group, a substituted or unsub-
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stituted C3 to C40 silyl group, a C1 to C30 alkyl group, a C1
to C10 an alkylsilyl group, C3 to C30 cycloalkyl group, aC6
to C30 aryl group, C1 to C20 alkoxy group, a C1 to C10
trifluoroalkyl group such as a trifluoromethyl group, or a
cyano group may be linked to each other to provide a fused
ring.

[0050] As used herein, when specific definition is not oth-
erwise provided, the term “hetero” may refer to one including
1to3of N, O, S, or P, and remaining carbons in one ring.
[0051] As used herein, when a definition is not otherwise
provided, the term “combination thereof” may refer to at least
two substituents bound to each other by a linker, or at least
two substituents condensed to each other.

[0052] As used herein, when a definition is not otherwise
provided, the term “alkyl group” may refer to an aliphatic
hydrocarbon group. The alkyl may be a saturated alkyl group
that does not include any double bond or triple bond.

[0053] Alternatively, the alkyl may be an unsaturated alkyl
group that includes at least one double bond or triple bond.
[0054] Theterm “alkenylene group” may refer to a group in
which at least two carbon atoms are bound in at least one
carbon-carbon double bond, and the term “alkynylene group”
may refer to a group in which at least two carbon atoms are
bound inatleast one carbon-carbon triple bond. Regardless of
being saturated or unsaturated, the alkyl may be branched,
linear, or cyclic.

[0055] Thealkyl group may bea C1 to C20 alkyl group. For
example, the alkyl group may be a C1 to C10 alkyl group or
a Cl1 to C6 alkyl group.

[0056] For example, a C1 to C4 alkyl group may have 1 to
4 carbonatoms and may be selected from the group consisting
of methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl, sec-
butyl, and t-butyl.

[0057] Examples of the alkyl group may be a methyl group,
an ethyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a t-butyl group, a pentyl group, a
hexyl group, an ethenyl group, a propenyl group, a butenyl
group, a cyclopropyl group, a cyclobutyl group, a cyclopentyl
group, a cyclohexyl group, and the like.

[0058] The term “aromatic group” may refer to a cyclic
functional group where all elements have conjugated p-or-
bital. Examples of the aromatic group include an aryl group
and a heteroaryl group.

[0059] The term “aryl group” may refer to an aryl group
including a carbocyclic aryl (e.g., phenyl) having at least one
ring having a covalent pi electron system.

[0060] The term “heteroaryl group” may refer to an aryl
group where 1 to 3 heteroatoms selected from N, O, S, and P,
and remaining carbon. When the heteroaryl group is a fused
ring, each ring may include 1 to 3 heteroatoms.

[0061] As used herein, hole properties refer to properties in
which holes generated at an anode are easily injected into an
emission layer and moved therein due to conduction propet-
ties according to HOMO levels.

[0062] As used herein, electron properties refer to proper-
ties in which electrons generated at a cathode are easily
injected into an emission layer and moved therein due to
conduction properties according to LUMO levels.

[0063] According to an embodiment, a material for an
organic optoelectronic device may include two or more dif-
ferent compounds having bicarbazolyl groups as cores
thereof.

[0064] Accordingly, an organic optoelectronic device may
exhibit characteristics of both of the two compounds.
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[0065] Forexample, an emission layer for an organic opto-
electronic device may deliver both holes and electrons and
thus, may use an amphiphilic material having excellent hole
properties and electron properties. However, an organic low
molecular compound with amphiphilic properties may be
hard to develop. For example, an organic low molecular com-
pound may tend to only have either electron properties or hole
properties.

[0066] Accordingly, an embodiment provides a material
for an organic optoelectronic device in which two or more
compounds are mixed, to satisfy or to provide amphiphilic
properties. For example, the material for an organic optoelec-
tronic device in which two or more compounds are mixed
according to an embodiment may exhibit excellent hole prop-
erties and excellent electron properties.

[0067] According to an embodiment, an organic material
for an organic optoelectronic device may include at least one
compound represented by the following Chemical Formula
A-1; and at least one compound represented by the following
Chemical Formula B-1.

[Chemical Formula A-1]
R, R
SYRE
e,
k\

[0068] In Chemical Formula A-1, Ar' may be a substituted
or unsubstituted pyridinyl group, Ar* may be hydrogen, deu-
terium, a C1 to C30 alkyl group, a C6 to C30 aryl group, ora
substituted or unsubstituted pyrimidyl group, and R' to R®
may each independently be hydrogen, deuterium, a C1 to C30
alkyl group, a C6 to C30 aryl group, or a combination thereof

[Chemical Formula B-1]

le
R7/ ) \R9 R
NN =~ AL
o W e
R® (\/\ / \ /\/12
RI0 N R
I

A

[0069] In Chemical Formula B-1, Ar® may be a substituted
or unsubstituted heteroaryl group (including at least two
nitrogen atoms), Ar* may be hydrogen, deuterium, a C1 to
C30 alkyl group, C6 to C30 aryl group, or a substituted or
unsubstituted heteroaryl group (including at least two nitro-
gen atoms), and R” to R'? may each independently be hydro-
gen, deuterium, a C1 to C30 alkyl group, a C6 to C30 aryl
group, or a combination thereof.
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[0070] The compound represented by the above Chemical
Formula A-1 may be a bicarbazole-based compound substi-
tuted with a pyridinyl group and having relatively excellent
properties.

[0071] The compound represented by the above Chemical
Formula B-1 may have a LUMO energy level that is lower by
0.2 eV or more than a LUMO energy level of the compound
represented by the above Chemical Formula A-1. For
example, the compound represented by the above Chemical
Formula B-1 may have a LUMO energy level that is lower by
0.3 eV or more than a LUMO energy level of the compound
represented by the above Chemical Formula A-1.

[0072] The compound including a pyridinyl group (repre-
sented by the above Chemical Formula A-1) may have rela-
tively higher LUMO energy level than that of an electron
transport layer (ETL) material and may help improve a driv-
ing voltage of a device. Accordingly, the compound may be
mixed witha material withalow LUMO energy level. Herein,
the material may have the same LUMO energy level as or a
little higher LUMO energy level than an electron transport
layer (ETL) material. In an implementation, the material may
be a compound including a pyrimidinyl group or a triazinyl
group represented by the above Chemical Formula B-1.

[0073] The compound may have a core moiety and another
substituent substituted for a substituent on the core moiety
and may have various energy band gaps.

[0074] In addition, when a compound with an appropriate
energy level (depending on a substituent) is used to fabricate
an organic optoelectronic device, the organic optoelectronic
device may have excellent efficiency and driving voltage, as
well as excellent electrochemical and thermal stability and
thus, excellent life-span.

[0075] The two different compounds may be mixed to pre-
pare a material, e.g., an organic material, for an organic opto-
electronic device, which has excellent luminance; hole or
electron properties; film stability; and thermal stability; and/
or high triplet excitation energy (T1).

[0076] Theatleastone compound represented by Chemical
Formula A-1 may be represented by the following Chemical
Formula A-2, and the at least one compound represented by
Chemical Formula B-1 may be represented by the following
Chemical Formula B-2.

[Chemical Formula A-2]

[0077] InChemical Formula A-2, Ar' may be a substituted
or unsubstituted pyridinyl group, Ar* may be hydrogen, deu-
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terium, a C1 to C30 alkyl group, a C6 to C30 aryl group, or a
substituted or unsubstituted pyrimidyl group, and R* to R®
may each independently be hydrogen, deuterium, a C1 to C30
alkyl group, a C6 to C30 aryl group, or a combination thereof

[Chemical Formula B-2]

[0078] InChemical Formula B-2, Ar® may be a substituted
or unsubstituted heteroaryl group including at least two nitro-
gen, Ar* may be hydrogen, deuterium, a C1 to C30 alkyl
group, C6 to C30 aryl group, or a substituted or unsubstituted
heteroaryl group including at least two nitrogen, and R” toR >
may each independently be hydrogen, deuterium, a C1 to C30
alkyl group, a C6 to C30 aryl group, or a combination thereof.

[0079] As may be seen in the above Chemical Formulae
A-2 and B-2, when a bicarbazolyl group is bonded at the
3-position of each carbazolyl group, compounds represented
by the above Chemical Formula A-2 and Chemical Formula
B-2 may be easily synthesized.

[0080] Ar’ of Chemical Formula B-2 may be represented
by one of the following Chemical Formulae B-3, B-4, B-5, or
B-6.

[Chemical Formula B-3]

[Chemical Formula B-4]

[Chemical Formula B-5]
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-continued
[Chemical Formula B-6]
Rl
R3
N R
AN
R N>
[0081] InChemical Formulae B-3,B-4,B-5,and B-6, R' to

R* may each independently be a single bond, hydrogen, deu-
terium, a C1 to C30 alkyl group, a C6 to C30 aryl group, or a
combination thereof. In an implementation, in Chemical For-
mulae B-3 and B-4, one of R to R* may be a single bond
linked to nitrogen of Chemical Formula B-1, and/or in
Chemical Formulae B-5 and B-6, and one of R! to R? may be
a single bond linked to nitrogen of Chemical Formula B-1.

[0082] When the Ar® is one of the above Chemical Formu-
lae B-3, B-4, B-5, or B-6, a compound represented by Chemi-
cal Formula B-1 may be mixed with a compound represented
by Chemical Formula A-1, thereby preparing an organic
material for an organic optoelectronic device having an
appropriate energy level.

[0083] In an implementation, Ar* and Ar* may each inde-
pendently be a substituted phenyl group. In an implementa-
tion, a compound may be prepared to have a bulky structure
and thus, may have lower crystallinity. The compound having
low crystallinity may help extend a life-span of a device.

[0084] In an implementation, Ar' may be represented by
one of the following Chemical Formula A-3 or Chemical
Formula A-4, but is not limited thereto. In Chemical Formula
A-3 and Chemical Formula A-4, * may be a connection point
to a nitrogen atom in Chemical Formula A-1.

[Chemical Formula A-3]

[Chemical Formula A-4]

[0085] Inanimplementation, Ar’ of Chemical Formula B-1
may be a substituted or unsubstituted triazinyl group. In an
implementation, Ar® of the above Chemical Formula B-1 may
be a substituted or unsubstituted pyrimidinyl group. In an
implementation, Ar® ofthe above Chemical Formula B-1 may
be the following Chemical Formulae B-7, B-8, or B-9, but is
not limited thereto.
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[Chemical Formula B-7]

[Chemical Formula B-8]

N

A
|/

[Chemical Formula B-9]

[0086] Thecompounds represented by the above Chemical
Formulae A-1 and B-1 may be mixed at a weight ratio of 1:9
t09:1, e.g., 2:8t08:2, 3:7 to 7:3, or 1:1. The mixing ratio of
the compounds may be selectively controlled depending on
desired properties of an organic optoelectronic device.

[0087] Inanimplementation, the compound represented by
the above Chemical Formula A-1 may be represented by one
of the following Chemical Formulae A-101 to A-121, but is
not limited thereto.

[Chemical Formula A-101]

5O
b
S U
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-continued -continued
[Chemical Formula A-102] [Chemical Formula A-105]

b 35

[Chemical Foermula A-106]
[Chemical Formula A-103]

2

[Chemical Formula A-107]

!; gg
} }Si
I\
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-continued -continued
[Chemical Formula A-108] [Chemical Formula A-111]

g 3

[Chemical Formula A-112]
[Chemical Formula A-109]

:@f’“ :»s’"

[Chemical Formula A-113]

[Chemical Formula A-110] {
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-continued -continued
[Chemical Formula A-114] [Chemical Formula A-117]

b 03

[Chemical Formula A-115] [Chemical Formula A-118]

w" zfsz"’

[Chemical Formula A-116]

[Chemical Formula A-119]
7 \ j/{
/ \
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-continued
[Chemical Formula A-120] [Chemical Formula B-101]

O

\N/ Q
e,
3}‘-’2 s

[Chemical Formula B-102]

[Chemical Formula A-121] Q

J N\>_h
\ A B O
N4 \ [Chemical Formua B-103]
O
Q

IS
O

[0088] Inanimplementation, the compound represented by
the above Chemical Formula B-1 may be represented by one
of the following Chemical Formulae B-101 to B-111, but is
not limited thereto.
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-continued -continued
[Chemical Formula B-104] [Chemical Formula B-107]

O | i,
QQ !;
4 _N\}N O _N

[Chemical Formula B-105] ch I 4 B108]
emical Formula

z’“ &

[Chemuical Formula B-106]

[Chemical Formula B-109]
_N ) \>_ :;
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-continued

[Chemical Formula B-110] [Chemical Formula B-201]

N:’{%z’

[Chemical Formula B-202]

[Chemuical Formula B-111] Q

N
[Chemical Formula B-203]
_N
/ \>_
[0089] The compound represented by the above Chemical
Formula B-1 may be represented by one of the following

Chemical Formulae B-201 to B-221, but is not limited
thereto.
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-continued -continued
[Chemical Formula B-204] [Chemical Formula B-207]

..

QQ {s
(]
- -

5 :; :

[Chemical Formula B-205]

[Chemical Formula B-208]
o
N
Q CH;
\* 73
N/ N\ N

[Chemical Formula B-206] [Chemical Formula B-209]

9
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-continued -continued
[Chemical Formula B-210] [Chemical Formula B-213]

$ o

[Chemical Formula B-214]
[Chemical Formula B-211]

}»s" :"5

[Chemical Formula B-215]

[Chemical Formula B-212]
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-continued -continued
[Chemical Formula B-216] [Chemical Formula B-219]

?’ }yz’é

[Chemical Formula B-220]

[Chemical Formula B-217]
/ \>_ / \%

[Chemical Formula B-221]

[Chemical Formula B-218]
N
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[0090] According to an embodiment, the material for an
organic optoelectronic device may have a maximum light
emitting wavelength of 320 to 500 nm, and a triplet excitation
energy of 2.0 eV or more (T1), e.g., 2.0 to 4.0 eV. When the
material has such a high excitation energy, it may transport a
charge to a dopant well, may help improve luminous effi-
ciency of the dopant, and may also decrease the driving volt-
age by freely regulating HOMO and LUMO energy levels.
Accordingly, the material may be usefully applied as a host
material or a charge-transporting material.

[0091] The material for an organic optoelectronic device
may be also used as a nonlinear optical material, an electrode
material, a chromic material, and as a material applicable to
an optical switch, a sensor, a module, a waveguide, an organic
transistor, a laser, an optical absorber, a dielectric material,
and a membrane due to its optical and electrical properties.

[0092] The material for an organic optoelectronic device
including the above compounds may have a glass transition
temperature of 90° C. or higher and a thermal decomposition
temperature of 400° C. or higher, so as to help improve
thermal stability. Accordingly, it is possible to produce an
organic optoelectronic device having a high efficiency.

[0093] The material for an organic optoelectronic device
including the above compounds may play a role in emitting
light or injecting and/or transporting electrons, and it may act
as a light emitting host together with a suitable dopant. For
example, the material for an organic optoelectronic device
may be used as a phosphorescent or fluorescent host material,
ablue light emitting dopant material, or an electron transport-
ing material.

[0094] The material for an organic optoelectronic device
according to an embodiment may be used for an organic thin
layer. Thus, it may help improve the life span characteristic,
efficiency characteristic, electrochemical stability, and ther-
mal stability of an organic optoelectronic device, and
decrease the driving voltage.

[0095] Therefore, according to another embodiment, an
organic optoelectronic device is provided that includes the
material for an organic optoelectronic device. The organic
optoelectronic device may refer to an organic photoelectric
device, an organic light emitting diode, an organic solar cell,
an organic transistor, an organic photo-conductor drum, an
organic memory device, or the like. For example, the material
for an organic optoelectronic device according to an embodi-
ment may be included in an electrode or an electrode buffer
layer in the organic solar cell to help improve quantum effi-
ciency, and/or it may be used as an electrode material for a
gate, a source-drain electrode, or the like in the organic tran-
sistor.

[0096] Hereinafter, a detailed described relating to the
organic light emitting diode will be provided.

[0097] According to another embodiment, an organic light
emitting diode may include an anode, a cathode, and at least
one organic thin layer interposed between the anode and the
cathode. The at least one organic thin layer may include the
material for an organic optoelectronic device according to an
embodiment.

[0098] The organic thin layer including the material for an
organic optoelectronic device may include a layer selected
from the group of an emission layer, a hole transport layer
(HTL), a hole injection layer (HIL), an electron transport
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layer (ETL), an electron injection layer (EIL), a hole blocking
film, or a combination thereof. At least one layer may include
the material for an organic optoelectronic device according to
an embodiment. For example, the electron transport layer
(ETL) or the electron injection layer (EIL) may include the
material for an organic optoelectronic device according to an
embodiment. In an implementation, when the material for an
organic photoelectric device is included in the emission layer,
the compound for an organic photoelectric device may be a
phosphorescent or fluorescent host and/or a fluorescent blue
dopant material.

[0099] FIGS. 1 to 5 illustrate cross-sectional views show-
ing an organic light emitting diode including the compound
for an organic optoelectronic device according to an embodi-
ment.

[0100] Referring to FIGS. 1 to 5, organic light emitting
diodes 100, 200, 300, 400, and 500 according to an embodi-
ment may include at least one organic thin layer 105 inter-
posed between an anode 120 and a cathode 110.

[0101] The anode 120 includes an anode material having a
large work function to facilitate hole injection into an organic
thin layer. The anode material may include: a metal such as
nickel, platinum, vanadium, chromium, copper, zinc, and
gold, or alloys thereof; a metal oxide such as zinc oxide,
indium oxide, indium tin oxide (ITO), and indium zinc oxide
(IZ0); a combined metal and oxide such as ZnO: Al or SnO,:
Sb; or a conductive polymer such as poly(3-methylth-
iophene), poly[3,4-(ethylene-1,2-dioxy)thiophene] (PEDT),
polypyrrole, and polyaniline, but is not limited thereto. In an
implementation, a transparent electrode including indium tin
oxide (ITO) may be included as an anode.

[0102] The cathode 110 may include a cathode material
having a small work function to facilitate electron injection
into an organic thin layer. The cathode material may include:
a metal such as magnesium, calcium, sodium, potassium,
titanium, indium, yttrium, lithium, gadolinium, aluminum,
silver, tin, lead, cesium, barium, or the like, or alloys thereof,
or a multi-layered material such as LiF/Al LiO,/Al, LiF/Ca,
LiF/Al, and BaF,/Ca, but is not limited thereto. In an imple-
mentation, a metal electrode including aluminum may be
included as a cathode.

[0103] Referring to FIG. 1, the organic light emitting diode
100 may include an organic thin layer 105 including only an
emission layer 130.

[0104] Referring to FIG. 2, a double-layered organic light
emitting diode 200 may include an organic thin layer 105
including an emission layer 230 (including an electron trans-
port layer (ETL)) and a hole transport layer (HTL) 140. For
example, the emission layer 230 may also functions as the
electron transport layer (ETL), and the hole transport layer
(HTL) 140 layer may have an excellent binding property with
a transparent electrode such as ITO or an excellent hole
transporting property.

[0105] Referring to FIG. 3, a three-layered organic light
emitting diode 300 may include an organic thin layer 105
including an electron transport layer (ETL) 150, an emission
layer 130, and a hole transport layer (HTL) 140. For example
emission layer 130 may be independently installed, and lay-
ers having an excellent electron transporting property or an
excellent hole transporting property are separately stacked.
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[0106] As shown in FIG. 4, a four-layered organic light
emitting diode 400 may include an organic thin layer 105
including an electron injection layer (EIL) 160, an emission
layer 130, a hole transport layer (HTL) 140, and a hole injec-
tion layer (HIL) 170 for binding with the anode 120 of ITO.

[0107] As shown in FIG. 5, a five layered organic light
emitting diode 500 may include an organic thin layer 105
including an electron transport layer (ETL) 150, an emission
layer 130, a hole transport layer (HTL) 140, and a hole injec-
tion layer (HIL) 170, and further includes an electron injec-
tion layer (EIL) 160 to achieve a low voltage.

[0108] In FIG. 1 to FIG. 5, the organic thin layer 105 (in-
cluding at least one selected from the group of an electron
transport layer (ETL) 150, an electron injection layer (EIL)
160, an emission layer 130 and 230, a hole transport layer
(HTL) 140, ahole injection layer (HIL) 170, or combinations
thereof) may include the compound or material for an organic
optoelectronic device. The material for an organic optoelec-
tronic device may be used for an electron transport layer
(ETL) 150 or electron injection layer (EIL) 160. When it is
used for the electron transport layer (ETL), it is possible to
provide an organic light emitting diode having a simpler
structure because an additional hole blocking layer (not
shown) may not be required.

[0109] Furthermore, when the material for an organic opto-
electronic device is included in the emission layer 130 or 230,
the material for an organic optoelectronic device may be
included as, e.g., a phosphorescent or fluorescent host or a
fluorescent blue dopant.

[0110] The organic light emitting diode may be fabricated
by: forming an anode on a substrate; forming an organic thin
layer in accordance with a dry coating method such as evapo-
ration, sputtering, plasma plating, and ion plating, or a wet
coating method such as spin coating, dipping, and flow coat-
ing; and providing a cathode thereon.

[0111] The organic thin layer may be formed in various
methods. Herein, two different compounds according to an
embodiment may be simultaneously or sequentially formed
into an organic thin layer.

[0112] In an implementation, the compounds represented
by the above Chemical Formulae A-1 and B-1 may be mixed
to prepare a mixture, and the mixture may be deposited to
form an organic thin layer on an anode.

[0113] In an implementation, the compounds represented
by the above Chemical Formulae A-1 and B-1 may be sepa-
rately prepared and then, simultaneously or sequentially
deposited on the anode.

[0114] The deposition may vary depending on desired
effects and is not limited thereto.

[0115] Another embodiment provides a display device
including the organic light emitting diode according to the
above embodiment.

[0116] The following Examples and Comparative
Examples are provided in order to highlight characteristics of
one or more embodiments, but it will be understood that the
Examples and Comparative Examples are not to be construed
as limiting the scope of the embodiments, nor are the Com-
parative Examples to be construed as being outside the scope
of the embodiments. Further, it will be understood that the
embodiments are not limited to the particular details
described in the Examples and Comparative Examples.
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[0117] (Preparation of Compound for an Organic Opto-
electronic Device)

Synthesis Example 1

Preparation of Compound A-101
[0118]

[Reaction Scheme 1]

e@‘

Mol. Wt.: 475.38
T-0
HO

OF
<J

Mol. Wt.: 287.
C-0

~
L

N
7Y
\|

Mol. Wt.: 637.77

O

[0119] 9.5 g of an intermediate compound T-0 and 6.9 g of
an intermediate compound C-0 were dissolved in 100 mL of
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tetrahydrofuran in a 250 mL round-bottomed flask equipped
with a thermometer, a reflux-condenser, and an agitator under
a nitrogen atmosphere. 80 mL of a 2M-potassium carbonate
aqueous solution was added thereto. Next, 1.2 g of tetrakis
(triphenylphosphine)palladium was added to the mixture and
refluxed for 12 hours. When the reaction was complete, the
reactant was extracted with methylene chloride several times,
treated with anhydrous sulfuric acid magnesium to remove
moisture, filtered, and then the solvent was removed there-
from.

[0120] The resulting reactant was purified by performing
column chromatography and recrystallization, obtaining 10.2
g of a compound A-101.

Synthesis Example 2

Preparation of Compound A-103

[0121]

Reaction Scheme 2
\ +
F
N Br

S

»
2
.

)

N
H
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[0122] 7.4 g of an intermediate compound T-2 and 9.7 g of
an intermediate compound C-2 were dissolved in 100 mL of
toluene in a 250 mL round-bottomed flask equipped with a
thermometer, a reflux-condenser, and an agitator under a
nitrogen atmosphere. 0.3 g of sodium tert-butoxide, 0.9 g of
palladium dibenzylideneamine, and 0.4 g of tertiarybutyl
phosphorus were added thereto. The mixture was refluxed for
12 hours. When the reaction was complete, the reactant was
extracted with methylene chloride several times, treated with
anhydrous sulfuric acid magnesium to remove moisture, fil-
tered, and then the solvent was removed therefrom.

[0123] The reactant was recrystallized for purification,
obtaining 10.7 g of a compound A-103. The compound A-103
was analyzed using LC-Mass Spec and had a [M+H]J*
molecular weight of 715.31.

-continued

Synthesis Example 3

Preparation of Compound B-103
[0124]

Reaction Scheme 3
Br
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[0125] 9.5 g of an intermediate compound T-1 and 7.2 g of
an intermediate compound C-4 were dissolved in 100 mL of
tetrahydrofuran in a 250 mL round-bottomed flask equipped
with a thermometer, a reflux-condenser, and an agitator under
a nitrogen atmosphere. 80 mI of a 2M-potassium carbonate
aqueous solution was added thereto. Then, 1.2 g of tetrakis
(triphenylphosphine)palladium was added to the mixture.
The resulting mixture was refluxed for 12 hours. When the
reaction was complete, the reactant was extracted with meth-
ylene chloride several times, treated with anhydrous sulfuric
acid magnesium to remove moisture, filtered, and then the
solvent was removed therefrom.

[0126] The resulting reactant was purified by performing
column chromatography and recrystallization, obtaining 8.5
g of a compound B-103. The compound B-103 was analyzed
using LC-Mass Spec and had a [M+H]* molecular weight of
654.74.
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Synthesis Example 4

Preparation of Compound B-106
[0127]

Reaction Scheme 4
Br

2
.

[0128] 9.6 g of an intermediate compound T-1 and 8.7 g of
an intermediate compound C-3 was dissolved in 100 mL of
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tetrahydrofuran and 80 mL of an 2M-potassium carbonate
aqueous solution in a 250 mL round-bottomed flask equipped
with a thermometer, a reflux-condenser, and an agitator under
anitrogen atmosphere. Then, 1.2 g of tetrakis(triphenylphos-
phine)palladium was added to the mixture. The resulting
mixture was refluxed for 12 hours. When the reaction was
complete, the reactant was extracted several times with meth-
vylene chloride, treated with anhydrous sulfuric acid magne-
sium to remove moisture, filtered, and then the solvent was
removed therefrom.

[0129] The reactant was recrystallized for purification,
obtaining 10.7 g of a compound B-106. The compound B-106
was analyzed using LC-Mass Spec and had a [M+H]*
molecular weight of 717.42.

Synthesis Example 5

Preparation of Compound B-205

[0130]

Reaction Scheme 5
Br

N

PN

N N
|
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N
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-continued
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[0131] 9.0 g of an intermediate compound T-3 and 7.2 g of
an intermediate compound C-4 were dissolved in 100 mL of
tetrahydrofuran in a 250 mL round-bottomed flask equipped
with a thermometer, a reflux-condenser, and an agitator under
a nitrogen atmosphere. 80 mL of a 2M-potassium carbonate
aqueous solution was added thereto. Next, 1.2 g of tetrakis
(triphenylphosphine)palladium was added to the mixture.
The resulting mixture was refluxed for 12 hours. When the
reaction was complete, the reactant was extracted several
times with methylene chloride, treated with anhydrous sulfu-
ric acid magnesium to remove moisture, filtered, and then the
solvent was removed therefrom.

[0132] The resulting reactant was purified by performing
column chromatography and recrystallization, obtaining 9.2
g of a compound B-205. The compound B-205 was analyzed
using L.C-Mass Spec and had a [M+H]* molecular weight of
654.74.

Synthesis Example 6

Preparation of Compound B-211

[0133]
Reaction Scheme 6
Br
N
A :
4

N N
|

Saae

T-3
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-continued

[0134] 9.5 g of an intermediate compound T-3 and 8.7 g of
an intermediate compound C-3 were dissolved in 100 mL of
tetrahydrofuran in a 250 mL round-bottomed flask equipped
with a thermometer, a reflux-condenser, and an agitator under
a nitrogen atmosphere. 80 mL of a 2M-potassium carbonate
aqueous solution was added thereto. Then, 1.2 g of tetrakis
(triphenylphosphine)palladium was added to the mixture,
and the resulting mixture was refluxed for 12 hours. When the
reaction was complete, the reactant was extracted several
times with methylene chloride, treated with anhydrous sulfu-
ric acid magnesium to remove moisture, filtered, and then the
solvent was removed therefrom.

[0135] The resulting reactant was recrystallized for purifi-
cation, obtaining 12.1 g of a compound B-211. The com-
pound B-211 was analyzed using .C-Mass Spec and had a
[M+H]* molecular weight of 715.86.

[0136] (Preparation of Organic Light Emitting Diode)
Example 1
Mixing Compounds A-101 and B-103 at 1:1
[0137] A glass substrate coated with ITO (Indium tin

oxide) to be 1,500 A thick was washed with ultrasonic wave
using distilled water.

30
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[0138] Next, the substrate was washed with ultrasonic wave
using a solvent of isopropyl alcohol, acetone, methanol, or the
like.

[0139] Then, the substrate was moved to a plasma cleaner
and cleaned with an oxygen plasma for 5 minutes and then,
moved to a vacuum depositor.

[0140] ThelTO transparent electrode was used as an anode,
and the following HTM compound was vacuum-deposited to
form a 1,200 A-thick hole injection layer (HIL) thereon.

0
&

-0

[HTM]

[0141] Onahole transport layer (HTL), a mixture prepared
by mixing the compound A-101 and the compound B-103 in
a weight ratio of 1:1 was used a host, while the following
PhGD compound (as a green phosphorescent dopant) was
doped thereon in an amount of 7 wt % to form a 300 A-thick
emission layer in a vacuum-deposition.

[PLGD]

[0142] On the emission layer, the following BAlq[Bis(2-
methyl-8-quinolinolato-N1,08)-(1,1'-Biphenyl-4-olato )alu-
minum] compound and sequentially, the following Alq,-[Tris
(8-hydroxyquinolinato)aluminum]| compound were
laminated to be 50 A thick and 250 A thick, respectively
thereon, forming an electron transport layer (ETL). On the
electron transport layer (ETL), 5 A-thick LiF and 1,000
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A-thick Al were sequentially vacuum deposited to fabricate a
cathode. The cathode was used to fabricate an organic light
emitting diode.

[Balg

/N

Al

[Algs]

Example 2

Mixing Compounds A-101 and B-205 at 1:1

[0143] An organic light emitting diode was fabricated
according to the same method as Example 1, except for using
a mixture of the compounds A-101 and B-205 mixed in a
weight ratio of 1:1 instead of the mixture of the compounds
A-101 and B-103 mixed in a weight ratio of 1:1.

Example 3

Mixing Compounds A-101 and B-106 at 1:1

[0144] An organic light emitting diode was fabricated
according to the same method as Example 1, except for using
a mixture of the compounds A-101 and B-106 mixed in a
weight ratio of 1:1 instead of the mixture of the compounds
A-101 and B-103 mixed in a weight ratio of 1:1.

Example 4

Mixing Compounds A-101 and B-211 at 1:1

[0145] An organic light emitting diode was fabricated
according to the same method as Example 1, except for using
a mixture of the compounds A-101 and B-211 mixed in a
weight ratio of 1:1 instead of the mixture of the compounds
A-101 and B-103 mixed in a weight ratio of 1:1.

Example 5

Mixing Compounds A-103 and B-103 at 1:1

[0146] An organic light emitting diode was fabricated
according to the same method as Example 1, except for using
a mixture of the compounds A-103 and B-211 mixed in a
weight ratio of 1:1 instead of the mixture of the compounds
A-101 and B-103 mixed in a weight ratio of 1:1.
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Comparative Example 1

Compound A-101

[0147] An organic light emitting diode was fabricated
according to the same method as Example 1, except for using
the compound A-101 instead of the mixture ofthe compounds
A-101 and B-103 mixed in a weight ratio of 1:1.

Comparative Example 2

Compound B-103

[0148] An organic light emitting diode was fabricated
according to the same method as Example 1, except for using
the compound B-103 instead of the mixture ofthe compounds
A-101 and B-103 mixed in a weight ratio of 1:1.

Comparative Example 3

Compound B-205

[0149] An organic light emitting diode was fabricated
according to the same method as Example 1, except for using
the compound B-205 instead of the mixture ofthe compounds
A-101 and B-103 mixed in a weight ratio of 1:1.

Comparative Example 4

Compound B-106

[0150] An organic light emitting diode was fabricated
according to the same method as Example 1, except for using
the compound B-106 instead of the mixture of the compounds
A-101 and B-103 mixed in a weight ratio of 1:1.

Comparative Example 5

Compound B-211

[0151] An organic light emitting diode was fabricated
according to the same method as Example 1, except for using
the compound B-211 instead of the mixture ofthe compounds
A-101 and B-103 mixed in a weight ratio of 1:1.

Comparative Example 6

Compound A-103

[0152] An organic light emitting diode was fabricated
according to the same method as Example 1, except for using
the compound A-103 instead of the mixture of the compounds
A-101 and B-103 mixed in a weight ratio of 1:1.

[0153] Performance Evaluation of Organic Light Emitting
Diode
[0154] Each organic light emitting diode according to

Examples 1 to 5 and Comparative Examples 1 to 6 was
measured regarding current density change and luminance
change depending on a voltage and luminous efficiency. The
measurement method was as follows.

[0155] (1) Current Density Change Depending on Voltage
Change
[0156] The organic light emitting diodes were measured

regarding current flowing in a unit device by using a current-
voltage meter (Keithley 2400) while a voltage was increased
from 0V to 10'V. The current measurement was divided by an
area to calculate current density.
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[0157] (2) Luminance Change Depending on Voltage
Change
[0158] The organic light emitting diodes were measured

regarding luminance by using a luminance meter (Minolta
Cs-1000A) while a voltage was increased from 0V to 10 V.
[0159] (3) Luminous Efficiency

[0160] The luminance and current density obtained from
the above (1) and (2) and a voltage were used to calculate
current efficiency (cd/A) at the same current density (10
mA/cm?).

[0161] (4) Life-Span Characteristic Evaluation

[0162] The organic light emitting diodes were measured
regarding time (h) taking from their initial luminance of3,000
cd/m? to decrease down to 2,910 cd/m? by 3%.

[0163] The following Table 1 shows the evaluation results
of the organic light emitting diodes according to Example 1
and Comparative Examples 1 and 2.

TABLE 1

\' Life-span

(V) Cd/A Im/W Cdm® CIE, CIE, (h)
Comparative 5.14 584 357 3,000 0.335 0.624 20
Example 1
Comparative 511 624 384 3,000 0.337 0.624 130
Example 2
Example 1 492 637  40.7 3,000 0.334 0.626 151

[0164] Thedevice using more than two compounds accord-
ing to Example 1 had excellent efficiency and life-span char-
acteristic compared with the devices according to Compara-
tive Examples 1 and 2.

[0165] The following Table 2 shows the evaluation results
of the devices according to Example 2 and Comparative
Examples 1 and 3.

TABLE 2

Vy Life-span

(V) CdA Im'W Cdm® CIE, CIE, (h)
Comparative 514 584 357 3,000 0335 0.624 20
Example 1
Comparative 491 663  42.5 3,000 0339 0.623 36
Example 3
Example 2 484 650 422 3000 0331 0.628 63
[0166] Thedevice using more than two compounds accord-

ing to Example 2 had roughly equal efficiency to the device of
Comparative Examples 1 and 3 but a remarkably improved
life-span characteristic.

[0167] The following Table 3 shows the evaluation results
of the devices according to Example 3 and Comparative
Examples 1 and 4.

TABLE 3

Vg Life-span

(V) CdA Im'W Cdm® CIE, CIE, (h)
Comparative 514 584 357 3,000 0.335 0.624 20
Example 1
Comparative 532 649 384 3,000 0.340 0.621 100
Example 4
Example 3 502 653 409 3,000 0.341 0.621 123
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[0168] Thedeviceusing more than two compounds accord-
ing to Example 3 had excellent device efficiency and life-span
characteristics compared with the devices of Comparative
Examples 1 and 4.

[0169] The following Table 4 shows the evaluation results
of the devices according to Example 4 and Comparative
Examples 1 and 3.

TABLE 4

\ Life-span

(V) CdA ImW Cdm? CIE, CIE, (b
Comparative 514 584 357 3000 0335 0.624 20
Example 1
Comparative ~ 4.84  66.6 433 3000 0.340 0.621 78
Example 5
Example 4 485 657 427 3000 0.338 0623 108
[0170] The devices using two compounds according to

Example 4 had roughly equal efficiency to the devices accord-
ing to Comparative Examples 1 and 5 but a much improved
life-span.

[0171] The following Table 5 shows the evaluation results
of the devices according to Example 5 and Comparative
Examples 2 and 6.

TABLE 5

\ Life-span
(V) CdA Im/'W Cdm® CIE, CIE, (h)

Comparative 5.02 584 357 3,000 0.335 0.624 36

Example 6

Comparative 511 624 384 3000 0337 0.624 130
Example 2

Example 5 487 642 415 3000 0.333 0627 194
[0172] The devices using two compounds according to

Example 5 had excellent efficiency and life-span character-
istics, compared with the devices according to Comparative
Examples 2 and 6.

[0173] FIG. 6 illustrates a graph showing life-span charac-
teristics of the organic light emitting diodes according to
Examples 1 to 4 and Comparative Examples 1 to 5.

[0174] FIG. 7 illustrates a graph showing life-span charac-
teristics of the organic light emitting diodes according to
Example 5 and Comparative Example 6.

[0175] As shown in Tables 1 to 5 and FIGS. 6 and 7, the
organic light emitting diode using two or more compounds
according to an exemplary embodiment exhibited excellent
characteristics, e.g., efficiency, life-span, and the like.
[0176] (Energy Level of Compound)

[0177] The compounds A-101, A-103, B-205, B-211,
B-103, and B-106 were measured regarding energy level.
[0178] Theenergy levels of thecompounds were calculated
by using a B3LYP/6-31G set of Gaussian 03 package, and the
results are provided in the following Table 6.

TABLE 6
HOMO LUMO
Material (eV) eV) AE (T1) AE (81)
B-101 -5.16 -1.89 2.83 2.90
B-102 -5.14 -1.89 2.83 2.89
B-106 -5.15 -1.89 2.82 2.89
B-103 -5.12 -1.88 2.82 2.88
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TABLE 6-continued

HOMO LUMO
Material (eV) (eV) AE (T1) AE (S1)
B-201 -5.05 -1.72 2.78 293
B-211 -5.03 -1.77 271 2.84
B-203 -5.00 -1.76 271 2.84
A-101 -4.97 -145 291 3.09
A-103 -4.97 -1.46 291 3.08
[0179] The compounds had a HOMO energy level ranging

of about =5.0 to -5.1 €V and thus, exhibited similar hole
properties. The HOMO energy levels of the compounds are
between those of materials for an electron transport layer
(ETL) and/or a hole transport layer (HTL), and thus are
appropriate energy levels.

[0180] The compounds had various LUMO energy levels
depending on a substituent. The compound including a pyri-
midiny] group and the compound including a triazinyl group
had a LUMO energy level more than 0.3 eV lower than the
compound including a pyridinyl group.

[0181] Accordingly, the compounds respectively including
apyrimidinyl group or a triazinyl group may exhibit excellent
electron properties.

[0182] (Mixing Ratio of Compound of Example 1)

[0183] Two compounds used in the organic light emitting
diode according to Example 1 were measured regarding a
mixing ratio. The mixing ratio was identified through a liquid
chromatography (High Performance Liquid Chromatogra-
phy, HPLC) ratio.

[0184] FIG. 8 illustrates 100% liquid chromatography
result of the compound A-101. The compound A-101 had a
peak at the retention time of about 19 minutes.

[0185] FIG. 9 illustrates the liquid chromatography result
of the compound B-103 99.98%. The compound B-103 had a
peak at the retention time of about 27 minutes.

[0186] FIG. 10 illustrates that the peak areas at 19 and 27
minutes had a ratio of 1:1 of a ratio based on the liquid
chromatography results for materials used in an emission
layer for an orgamic light emitting diode.

[0187] By way of summation and review, a phosphorescent
light emitting material may be used for a light emitting mate-
rial of an organic light emitting diode in addition to or in place
of the fluorescent light emitting material. Such a phosphores-
cent material may emit lights by transiting the electrons from
a ground state to an exited state, non-radiance transiting of a
singlet exciton to a triplet exciton through intersystem cross-
ing, and transiting a triplet exciton to a ground state to emit
light.

[0188] As described above, in an organic light emitting
diode, an organic material layer may include a light emitting
material and a charge transport material, e.g., a hole injection
material, ahole transport material, an electron transport mate-
rial, an electron injection material, or the like.

[0189] The light emitting material may be classified as
blue, green, and red light emitting materials according to
emitted colors. Yellow and orange light emitting materials
may emit colors approaching natural colors.

[0190] When one material is used as a light emitting mate-
rial, a maximum light emitting wavelength may be shifted to

33
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a long wavelength, or color purity may decrease because of
interactions between molecules, or device efficiency may
decrease because of a light emitting quenching effect. There-
fore, ahost/dopant system may be included as a light emitting
material in order to help improve color purity and increase
luminous efficiency and stability through energy transfer.
[0191] In order to implement excellent performance of an
organic light emitting diode, a material constituting an
organic material layer, e.g., a hole injection material, a hole
transport material, a light emitting material, an electron trans-
port material, an electron injection material, and a light emit-
ting material such as a host and/or a dopant, should be stable
and have good efficiency.

[0192] A low molecular organic light emitting diode may
be manufactured as athin film in a vacuum deposition method
and may have good efficiency and life-span performance. A
polymer organic light emitting diode may be manufactured in
an Inkjet or spin coating method and may have an advantage
of low initial cost and being large-sized.

[0193] Bothlow molecular organic light emitting and poly-
mer organic light emitting diodes may have an advantage of
being self-light emitting, and having high speed response,
wide viewing angle, ultrathin, high image quality, durability,
large driving temperature range, or the like. For example, they
may have good visibility due to self-light emitting character-
istic compared with a conventional LCD (liquid crystal dis-
play), and may have an advantage of decreasing thickness and
weight of LCD up to a third, because they do not need a
backlight.

[0194] In addition, they may have a response speed 1,000
time faster microsecond unit than LCD. Thus, they may real-
ize a perfect motion picture without after-image. Based on
these advantages, they have been remarkably developed to
have 80 times efficiency and more than 100 times life-span
since they come out for the first time in the late 1980s.
Recently, they keep being rapidly larger such as a 40-inch
organic light emitting diode panel.

[0195] They should simultaneously have improved lumi-
nous efficiency and life-span in order to be larger. Herein,
their luminous efficiency may need smooth combination
between holes and electrons in an emission layer. However,
an organic material in general may have slower electron
mobility than hole mobility. Thus, inefficient combination
between holes and electrons may occur. Accordingly, increas-
ing electron injection and mobility from a cathode and simul-
taneously preventing movement of holes may be desirable.
[0196] Inorder to improve life-span, a material crystalliza-
tion caused by Joule heat (generated during device operating)
should be prevented. Accordingly, an organic material having
excellent electron injection and mobility, and high electro-
chemical stability may be desirable.

[0197] The embodiments provide a material for an organic
optoelectronic device that may act as a hole injection and hole
transport, or an electron injection and transport, and also act
as a light emitting host along with an appropriate dopant.
[0198] The embodiments provide a light emitting diode
having excellent life span, efficiency, a driving voltage, elec-
trochemical stability, and thermal stability.
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[0199] The compound for an organic optoelectronic device
may have an excellent hole or electron transporting property,
high film stability, thermal stability, and triplet excitation
energy.

[0200] The material may be used as a hole injection/trans-
port material of an emission layer, a host material, or an
electron injection/transport material. The organic optoelec-
tronic device may have an excellent electrochemical and ther-
mal stability, and therefore, may provide an organic light
emitting diode having an excellent life-span characteristic,
and high luminous efficiency at a low driving voltage.

[0201] The embodiments provide a material for an organic
optoelectronic device that is capable of providing an organic
optoelectronic device having excellent life-span, efficiency,
electrochemical stability, and thermal stability.

[0202] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. A material for an organic optoelectronic device, the
material comprising:

at least one compound represented by the following
Chemical Formula A-1; and

at least one compound represented by the following
Chemical Formula B-1:

[Chemical Formula A-1]

wherein, in Chemical Formula A-1:
Ar' is a substituted or unsubstituted pyridinyl group,

Ar? is hydrogen, deuterium, a C1 to C30 alkyl group, a
C6to C30 aryl group, or a substituted or unsubstituted
pyrimidyl group, and

R* to R are each independently hydrogen, deuterium, a
C1 to C30 alkyl group, a C6 to C30 aryl group, or a
combination thereof, and
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[Chemical Formula B-1]

/\ R /Rl 1
/\/ =
RI0 N R
I

At

wherein, in Chemical Formula B-1:

Ar® is a substituted or unsubstituted heteroaryl group
including at least two nitrogen atoms,

Ar*ishydrogen, deuterium, a C1to C30alkyl group, C6
to C30 aryl group, or a substituted or unsubstituted
heteroaryl group that includes at least two nitrogen
atoms, and

R 1o R*? are each independently hydrogen, deuterium, a
C1 to C30 alkyl group, a C6 to C30 aryl group, or a
combination thereof.

2. The material for an organic optoelectronic device as
claimed in claim 1, wherein the at least one compound rep-
resented by Chemical Formula A-1 is represented by the
following Chemical Formula A-2, and

the at least one compound represented by Chemical For-
mula B-1 is represented by the following Chemical For-
mula B-2:

[Chemical Formula A-2]

wherein, in Chemical Formula A-2:
Ar" is a substituted or unsubstituted pyridinyl group,

Ar? is hydrogen, deuterium, a C1 to C30 alkyl group, a
C6to C30 aryl group, or a substituted or unsubstituted
pyrimidyl group, and

R' to R® are each independently hydrogen, deuterium, a
C1 to C30 alkyl group, a C6 to C30 aryl group, or a
combination thereof, and
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[Chemical Formula B-2]

wherein, in Chemical Formula B-2:

Ar is a substituted or unsubstituted heteroaryl group
including at least two nitrogen atoms,

Ar*ishydrogen, deuterium, a C1 to C30 alkyl group, C6
to C30 aryl group, or a substituted or unsubstituted
heteroaryl group that includes at least two nitrogen
atoms, and

R’ toR'? are each independently hydrogen, deuterium, a
C1 to C30 alkyl group, a C6 to C30 aryl group, or a
combination thereof.

3. The material for an organic optoelectronic device as
claimed in claim 1, wherein Ar® of Chemical Formula B-1 is
represented by one of the following Chemical Formulae B-3,
B-4, B-5, or B-6:

[Chemical Formula B-3]

[Chemical Formula B-4]

[Chemical Formula B-5]

[Chemical Formula B-6]
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wherein:

in Chemical Formulae B-3, B-4, B-5, and B-6, R* to R*are
each independently a single bond, hydrogen, deuterium,
a C1 to C30 alkyl group, a C6 to C30 aryl group, or a
combination thereof,

in Chemical Formulae B-3 and B-4, one of R! to R* is a

single bond linked to a nitrogen atom of Chemical For-
mula B-1, and

in Chemical Formulae B-5 and B-6, one of R' to R is a

single bond linked to a nitrogen atom of Chemical For-
mula B-1.

4. The material for an organic optoelectronic device as
claimed in claim 1, wherein Ar* and Ar* are each indepen-
dently a substituted phenyl group.

5. The material for an organic optoelectronic device as
claimed in claim 1, wherein Ar' of Chemical Formula A-1 is
represented by one of the following Chemical Formula A-3 or
Chemical Formula A-4, in which * is a bonding location to a
nitrogen atom of Chemical Formula A-1:

[Chemical Formula A-3]

N\ /

[Chemical Formula A-4]

\ 7/

6. The material for an organic optoelectronic device as
claimed in claim 1, wherein Ar® of Chemical Formula B-1 is
represented by one of the following Chemical Formulae B-7,
B-8, or B-9, in which * is a bonding location to a nitrogen
atom of Chemical Formula B-1:

[Chemical Formula B-7]

[Chemical Formula B-8]
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-continued
[Chemical Formula B-9]

7. The material for an organic optoelectronic device as
claimed in claim 1, wherein Ar® of Chemical Formula B-1 is
a substituted or unsubstituted triazinyl group.

8. The material for an organic optoelectronic device as
claimed in claim 1, wherein Ar® of Chemical Formula B-1 is
a substituted or unsubstituted pyrimidinyl group.

9. The material for an organic optoelectronic device as
claimed in claim 1, wherein the compound represented by
Chemical Formula A-1 is represented by one of the following
Chemical Formulae A-101 to A-121:

[Chemical Formula A-101]

b

[Chemical Formula A-102]

28 3¢
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-continued
[Chemical Formula A-103]

e

[Chemical Formula A-104]

:»:’"

[Chemical Foermula A-105]
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-continued -continued
[Chemical Formula A-106] [Chemical Formula A-109]

08 3

[Chemical Formula A-110]
[Chemical Formula A-107]

Sl

[Chemical Formula A-108] [Chemical Formula A-111]

e 3¢
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-continued -continued
[Chemical Formula A-115]
[Chemical Formula A-112]

:»s"‘ w”

[Chemical Formula A-113]

/\
/\

[Chemical Formula A-114]

{ [Chemical Formula A-117]
7 \ *
/ \
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-continued -continued
[Chemical Formula A-118] [Chemical Formula A-121]

E}f E 3»?{5

[Chemical Formula A-119] 10. The material for an organic optoelectronic device as

claimed in claim 1, wherein the compound represented by
Chemical Formula B-1is represented by one of the following

Chemical Formulae B-101 to B-111:
[Chemical Formula B-101]
N
N
e
N/ \>7 N

—N
[Chemical Formula A-120]

4{{ [Chemical Formula B-102]
\

N U
3}7 g
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-continued -continued
[Chemical Formula B-103] [Chemical Formula B-106]
/ N
i \H
:—— N O — N
[Chemical Formula B-104] [Chemical Formula B-107]

[Chemical Formula B-105] [Chemical Formula B-108]

=
q f{
d e
% ¢ o 4;’
d e
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-continued
[Chemical Formula B-109] [Chemical Formula B-201]

i/ N\>_ !
N N
i——N O / \>7
[Chemical Formula B-110]
({ [Chemical Formula B-202]
\
N O
/ N g

N \ N

[Chemical Formula B-111] — O

[Chemical Formula B-203]
\>_ g

11. The material for an organic optoelectronic device as
claimed in claim 1, wherein the compound represented by
Chemical Formula B-1 is represented by one of the following
Chemical Formulae B-201 to B-221:
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-continued -continued
[Chemical Formula B-204] [Chemical Formula B-207]

..

QQ {s
(]
- -

5 :; :

[Chemical Formula B-205]

[Chemical Formula B-208]
o
N
Q CH;
\* 73
N/ N\ N

[Chemical Formula B-206] [Chemical Formula B-209]

9
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-continued -continued
[Chemical Formula B-210] [Chemical Formula B-213]

$ o

[Chemical Formula B-214]
[Chemical Formula B-211]

}»s" :"5

[Chemical Formula B-215]

[Chemical Formula B-212]
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-continued -continued
[Chemical Formula B-216] [Chemical Formula B-219]

?’ }yz’é

[Chemical Formula B-220]

[Chemical Formula B-217]
/ \>_ / \%

[Chemical Formula B-221]

[Chemical Formula B-218]
N
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12. The material for an organic optoelectronic device as
claimed in claim 1, wherein the compound represented by
Chemical Formula B-1 has alLUMO energy level thatis lower
by 0.2 eV or more than a LUMO energy level of the com-
pound represented by Chemical Formula A-1.

13. The material for an organic optoelectronic device as
claimed in claim 1, wherein the organic optoelectronic device
1s selected from the group of an organic photoelectric device,
an organic light emitting diode, an organic solar cell, an
organic transistor, an organic photo-conductor drum, and an
organic memory device.

14. An organic light emitting diode, comprising:

an anode;

a cathode; and

at least one organic thin layer between the anode and the

cathode,

wherein the at least one organic thin layer includes the

material for an organic optoelectronic device as claimed
in claim 1.

15. The organic light emitting diode as claimed in claim 14,
wherein the at least one organic thin layer is an emission layer,
a hole transport layer (HTL), a hole injection layer (HIL), an
electron transport layer (ETL), an electron injection layer
(EIL), a hole blocking layer, or a combination thereof.

16. The organic light emitting diode as claimed in claim 15,
wherein:
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the at least one organic thin layer includes the hole trans-
port layer (HTL) or the hole injection layer (HIL), and

the material for an organic optoelectronic device is
included in the hole transport layer (HTL) or the hole
injection layer (HIL).
17. The organic light emitting diode as claimed in claim 15,
wherein:
the at least one organic thin layer includes the electron
transport layer (ETL) or the electron injection layer
(EIL), and

the material for an organic optoelectronic device is
included in the electron transport layer (ETL) or the
electron injection layer (EIL).

18. The organic light emitting diode as claimed in claim 15,
wherein:

the at least one organic thin layer includes the emission

layer, and

the material for an organic optoelectronic device is

included in the emission layer.

19. The organic light emitting diode as claimed in claim 18,
wherein the material for an organic optoelectronic device is a
phosphorescent or fluorescent host material in the emission
layer.

20. A display device comprising the organic light emitting
diode as claimed in claim 14.
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