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1
PYRIDINYLENE RING COMPOUND FOR
ORGANIC OPTOELECTRONIC DEVICE,
ORGANIC LIGHT EMITTING DIODE
INCLUDING THE SAME AND DISPLAY
INCLUDING THE ORGANIC LIGHT
EMITTING DIODE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of pending International
Application No. PCT/KR2009/007411, entitled “Compound
for Organic Optoelectronic Device, Organic Light Emitting
Diode Including the Same and Display Including the Organic
Light Emitting Diode,” which was filed on Dec. 10, 2009, the
entire contents of which are hereby incorporated by reference
for all purposes.

BACKGROUND

1. Field

Embodiments relate to a compound for an organic opto-
electronic device, an organic light emitting diode including
the same, and a display including the organic light emitting
diode.

2. Description of the Related Art

An organic optoelectronic device may be used to transform
electrical energy into light by applying current to an organic
light emitting material, and may have a structure in which a
functional organic thin layer is interposed between an anode
and a cathode. The organic thin layer may include an emission
layer, a hole injection layer (HIL), a hole transport layer
(HTL), an electron transport layer (ETL), an electron injec-
tion layer (EIL), and the like, and may include an electron
blocking layer or a hole blocking layer to improve light emit-
ting properties of the emission layer.

An organic optoelectronic device may have similar electri-
cal characteristics to those of light emitting diodes (LEDs), in
which holes are injected from an anode and electrons are
injected from a cathode, the holes and electrons then moving
to opposite electrodes to be recombined to form excitons
having high energy. The formed excitons may generate light
having a certain wavelength while shifting to a ground state.

SUMMARY
An embodiment is directed to a compound for an organic

photoelectric device, the compound being represented by the
following Chemical Formula 1:

[Chemical Formula 1]

Ag=Ajo A1=Ag A)pe
\

(Ag Ary Az

3 //\1 \ 7

A7—As As—Ay

In Chemical Formula 1, A, to A, may each be indepen-
dently selected from the group of CR, to CR, , SiR, to SiR,,,
and N, wherein adjacent ones of R to R5 are optionally fused
to each other to form a fused ring, and adjacent ones of R to
R, are optionally fused to each other to form a fused ring,
provided that at least one of A; to As is selected from the
group of SiR; to SiRs and N, or at least one atom of a ring
formed by fused ones of adjacent ones of R, to Rs is a het-
eroatom, and at least one of Ag to A, is selected from the
group of SiR to SiR,, and N, or at least one atom of a ring
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formed by fused ones of adjacent ones of R4 to Ry, is a
heteroatom. R, to R, may each be independently selected
from the group of hydrogen, a halogen, a nitrile group, a
cyano group, a nitro group, an amide group, a carbonyl group,
an ester group, a substituted or unsubstituted alkyl group, a
substituted or unsubstituted alkylene group, a substituted or
unsubstituted alkoxy group, a substituted or unsubstituted
alkenyl group, a substituted or unsubstituted alkenylene
group, a substituted or unsubstituted alkynyl group, a substi-
tuted or unsubstituted alkynylene group, a substituted or
unsubstituted cycloalkyl group, a substituted or unsubstituted
cycloalkylene group, a substituted or unsubstituted aryl
group, and a substituted or unsubstituted arylene group. Ar,
may be a substituted or unsubstituted arylene group. Ar, may
be a substituted or unsubstituted aryl group. 1 and m are
integers ranging from 1 to 4, wherein, when1is 2 or more such
that there are 2 or more 1 units, each of the 2 or more 1 units are
the same or different, and wherein, when m is 2 or more such
that there are 2 or more m units, each of the 2 or more m units
are the same or different.

The compound may be represented by the following
Chemical Formula 2:

[Chemical Formula 2]

Ar
/Au\( \A /
A{ \ 5
A
AlStAﬁ 15 Ars.

In Chemical Formula2,A |, A;, A5, and Agto A | 5 may each
be independently selected from the group of CR,, CR;, CRs,
CR4t0 CR,5, SiR |, SiR;, SiRs, SiR, to SiR 5, and N, wherein
the adjacent Ry to R, are optionally fused to each other to
form a fused ring, or the adjacent R, to R, 5 are optionally
fused to each other to form a fused ring, provided that at least
oneofA,,A;, and A, is selected from the group of SiR,, SiR 5,
SiRs, and N; and at least one of A4 to A, is selected from the
group of SiR, to SiR ;, and N, or at least one atom of a ring
formed by fused ones of adjacent ones of R4 to Ry is a
heteroatom; and at least one of A, to A, 5 is selected from the
group of SiR,; to SiR,5 and N, or at least one atom of a ring
formed by adjacent ones of adjacent ones of R, to R;5isa
heteroatom. R, R;, Ry, and R to R, 5 may each be indepen-
dently selected from the group of hydrogen, a halogen, a
nitrile group, a cyano group, a nitro group, an amide group, a
carbonyl group, an ester group, a substituted or unsubstituted
alkyl group, a substituted or unsubstituted alkylene group, a
substituted or unsubstituted alkoxy group, a substituted or
unsubstituted alkenyl group, a substituted or unsubstituted
alkenylene group, a substituted or unsubstituted alkynyl
group, a substituted or unsubstituted alkynylene group, a
substituted or unsubstituted cycloalkyl group, a substituted or
unsubstituted cycloalkylene group, a substituted or unsubsti-
tuted aryl group, and a substituted or unsubstituted arylene
group. Ar, may be a substituted or unsubstituted arylene
group. Ar, and Ar; may each be independently a substituted
or unsubstituted aryl group.

In Chemical Formula 2, at least one of A, A5, and A5 may
be N, and a substituent including A4 to A, and a substituent
including A,, to A,5 may be a quinolinyl group or an iso-
quinolinyl group.
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In Chemical Formula 2, A; may be N, and a substituent
including A to A, and asubstituent including A, ; to A, s may
be a quinolinyl group or an isoquinolinyl group.

The quinolinyl group or isoquinolinyl group may be bound
with Ar, at a No. 2 or 3 position of the quinolinyl group or
isoquinolinyl group.

Ar, may be a C6 to C50 aryl.

A fused ring including A, to A, and a fused ring including
A4 to A, may be a substituted or unsubstituted heterocyclic
group when adjacent ones of R, to Ry are fused to each other
to form a fused ring or when adjacent ones of R, to R, are
fused to each other to form a fused ring.

The heterocyclic group may be selected from the group of
a thiophenyl group, a furanyl group, a pyrrolyl group, an
imidazolyl group, a thiazolyl group, an oxazolyl group, an
oxadiazolyl group, a triazolyl group, a carbazolyl group, a
pyridinyl group, a pyridazine group, a quinolinyl group, an
isoquinolinyl group, an arcidyl group, an imidazopyridinyl
group, and an imidazopyrimidinyl group.

A substituent linked to nitrogen (N) of the imidazolyl or
triazolyl group may be selected from the group of a substi-
tuted or unsubstituted alkyl group, a substituted or unsubsti-
tuted cycloalkyl group, a substituted or unsubstituted aryl
group, and a substituted or unsubstituted heterocyclic group.

The compound may be a compound selected from the
following Chemical Formulae 3 to 17:

[Chemical Formula 3]

[Chemical Formula 4]
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-continued

[Chemical Formula 5]

[Chemical Formula 6]

[Chemical Formula 7]

[Chemical Formula 8]

[Chemical Formula 9]
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-continued
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[Chemical Formula 10]

[Chemical Formula [ 1]

[Chemical Formula [2]

[Chemical Formula [3]

[Chemical Formula [4]
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6

-continued

[Chemical Formula 15]

[Chemical Formula 16]

[Chemical Formula 17]

The compound may be a compound selected from the
following Chemical Formulae 18, 23, 28, 34, 38, 43, and 48:

[Chemical Formula 18]
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-continued -continued
[Chemical Formula 23]

[Chemical Formula 43]

The compound may be a compound selected from the
5 following Chemical Formula Chemical Formulae 19, 24, 29,
[Chemical Formula 34] 35, 39, 44, and 49:

()

[Chemical Formula 19]
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-continued

-continued
[Chemical Formula 29] [Chemical Formula 49]

10

15

The compound may be a compound selected from the
following Chemical Formula Chemical Formulae Chemical
Formula 20 to 22, 25 t0 27,30 t0 33, 36,37,40t0 42,45 t0 47,

0 and 50 to 52:

%)

[Chemical Formula 20]

[Chemical Formula 21]

[Chemical Formula 22]
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-continued -continued
[Chemical Formula 25] [Chemical Formula 31]

5

10

15
[Chemical Formula 26] [Chemical Formula 32]

Q )

T 25

N / Q

[Chemical Formula 27] 35 [Chemical Formula 33]

[Chemical Formula 30] [Chemical Formula 36]
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-continued -continued
[Chemical Formula 37] [Chemical Formula 45]

[Chemical Formula 41]

50

[Chemical Formula 42]
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-continued

[Chemical Formula 51]

[Chemical Formula 52]

Another embodiment is directed to an organic photoelec-
tric device, including an anode, a cathode, and at least one
organic thin layer between the anode and the cathode, the at
least one organic thin layer including the compound accord-
ing to an embodiment.

The compound may be a host material or a charge transport
material.

The at least one organic thin layer may include at least one
of an emission layer, a hole transport layer, a hole injection
layer, an electron transport layer, an electron injection layer,
and a combination thereof.

The at least one organic thin layer may include a layer that
includes the compound and a reducing dopant.

The reducing dopant may be selected from the group of an
alkali metal, an alkali earth metal, a rare earth element metal,
an oxide of an alkali metal, a halide of an alkali metal, an
organic complex of an alkali metal, an oxide of an alkali earth
metal, a halide of an alkali earth metal, an organic complex of
an alkali earth metal, an oxide of a rare earth element metal,
ahalide of a rare earth element metal, and an organic complex
of a rare earth element metal.

Another embodiment is directed to a display device com-
prising an organic photoelectric device according to an
embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages will become
more apparent to those of skill in the art by describing in detail
example embodiments with reference to the attached draw-
ings, in which:

FIGS. 1 to 5 illustrate cross-sectional views showing
organic light emitting devices including organic compounds
according to various embodiments.

FIG. 6 illustrates a "H NMR spectrum of the compound
according to Example 1.

FIG. 7 illustrates a 'H NMR spectrum of the compound
according to Example 2.
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FIG. 8 illustrates a "H NMR spectrum of the compound
according to Example 3.

FIG. 9 illustrates voltage-current density characteristics of
the organic light emitting diodes according to Examples 4 to
6 and Comparative Example 1.

FIGS. 10-18 illustrate Reaction Schemes 1-9, respectively.

DESCRIPTION OF REFERENCE NUMERALS
INDICATING PRIMARY ELEMENTS IN THE
DRAWINGS

110: organic light emitting device: cathode

120: anode: organic thin layer

130: emission layer: hole transport layer (HTL)

150: electron transport layer (ETL): electron injection
layer (EIL)

170: hole injection layer (HIL): emission layer+electron
transport layer (ETL)

DETAILED DESCRIPTION

Korean Patent Application No. 10-2008-0137223, filed on
Dec. 30, 2008, in the Korean Intellectual Property Office, and
entitled: “Compound for Organic Optoelectronic Device,
Organic Light Emitting Diode Including the Same and Dis-
play Including the Organic Light Emitting Diode,” is incor-
porated by reference herein in its entirety.

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
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 the scope of the invention to those skilled in the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer isreferred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

As used herein, when a definition is not otherwise pro-
vided, the term “alkyl” may refer to a C1 to C50 alkyl, and
preferably a C1 to C15 alkyl; the term “alkoxy” may refer to
a C1 to C50 alkoxy, and preferably a C1 to C15 alkoxy; the
term “alkenyl” may refer to a C2 to C50 alkenyl, and prefer-
ably a C2 to C15 alkenyl; the term “cycloalkyl” may refer to
a C3 to C50 cycloalkyl, and preferably a C3 to CI15
cycloalkyl; the term “aryl” may refer to a C6 to C50 aryl, and
preferably a C6 to C25 aryl; and the term ‘“heterocyclic
group” may refer to a C1 to C50 heterocyclic group, and
preferably a C1 to C25 heterocyclic group.

In particular, as used herein, when a definition is not oth-
erwise provided, the term “heterocyclic group” may refer to a
C3 to C50 heteroaryl group, a C1 to C50 heterocycloalkyl
group, a C1 to C50 heterocycloalkenyl group, a C1 to C50
heterocycloalkynyl group, or a fused cyclic group thereof;,
which includes a heteroatom. The heterocyclic group may
include 1 to 20 heteroatoms, and particularly 1 to 15 heteroa-
toms.
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As used herein, when a definition is not otherwise pro-
vided, the term “ester” may refer to COOR, and the term
“carbonyl” may refer to —COR', where R and R' are each
independently hydrogen, a C1 to C10 alkyl group, a C6 to 20
aryl group, a C3 to C20 cycloalkyl group, a C2 to C10 alkenyl
group, a C2 to C10 alkynyl group, or a combination thereof.

As used herein, when specific definition is not otherwise
provided, the term “substituent” may refer to a halogen, a
nitrile group, a cyano group, a nitro group, an amide group, a
carbonyl group, an ester group, a C1 to C10 alkyl group, a C1
to C10 alkoxy group, a C2 to C10 alkenyl group, a C2 to C10
alkynyl group, a C3 to C10 cycloalkyl group, or a C6 to C20
aryl group.

As used herein, when specific definition is not otherwise

provided, the term “heteroatom” may refer to one selected
from N, O, S, P, Se, and Si.

As used herein, when specific definition is not otherwise
provided, the prefix “hetero” may refer to one including 1 to
3 heteroatoms, and remaining carbons in one ring.

According to an embodiment, a compound for an organic
optoelectronic device represented by the following Chemical
Formula 1 is provided. In the compound, an aryl group and a
heterocyclic group are sequentially repeated.

[Chemical Formula 1]
Ag=Ajg

A=Ay (Ar)y
/C

/7
Ay

(Ag
A\Y
A

In Chemical Formula 1, A, to A,, may each be indepen-
dently selected from the group of CR to CR, ,, SiR, to SiR ,
and N (A, to A, corresponding to CR, to CR,,,, respectively,
or SiR, to SiR,, respectively, as the case may be). Adjacent
ones of R, to Ry are optionally fused to each other to form a
fused ring. Adjacent ones of R4 to R, are optionally fused to
each other to form a fused ring. At least one of A to A5 may
be selected from the group of SiR | to SiR5 and N, or at least
one atom of a fused ring formed by adjacent ones of R, to R
may be a heteroatom. At least one of A to A , may be selected
from the group of SiR, to SiR |, and N, or at least one atom of
a fused ring formed by adjacent ones of Rg to R, may be a
heteroatom.

In Chemical Formula 1, R, to R,, may each be indepen-
dently selected from the group of hydrogen, a halogen, a
nitrile group, a cyano group, a nitro group, an amide group, a
carbonyl group, an ester group, a substituted or unsubstituted
alkyl group, a substituted or unsubstituted alkylene group, a
substituted or unsubstituted alkoxy group, a substituted or
unsubstituted alkenyl group, a substituted or unsubstituted
alkenylene group, a substituted or unsubstituted alkynyl
group, a substituted or unsubstituted alkynylene group, a
substituted or unsubstituted cycloalkyl group, a substituted or
unsubstituted cycloalkylene group, a substituted or unsubsti-
tuted aryl group, and a substituted or unsubstituted arylene
group.

In Chemical Formula 1, Ar, may be a substituted or unsub-
stituted arylene group, and Ar, may be a substituted or unsub-
stituted aryl group, and said groups may correspond to a C6 to
C50 aromatic, e.g., a monocyclic aryl such as phenyl, or a
polycyclic aryl such as naphthyl, anthracenyl, phenanthrenyl,
pyrenyl, peryenyl, and the like

25
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In Chemical Formula 1, 1 and m are integers ranging from
1 to 4, and, when 1 and m are 2 or more, each repeating unit
may be different.

At least one of A, to A may include N. At least one of A
to A, may include N. When at least one of A to A5 includes
Nand/oratleastoneof Agto A, includes N, a LUMO (lowest
unoccupied molecular orbital) energy level may decrease and
electron affinity of the compound may increase, resulting in
improvement of electron transport properties. Thereby, a
driving voltage for an organic optoelectronic device
decreases and luminous efficiency of a device may be
improved.

When Ar, is a substituted or unsubstituted arylene group,
and/or Ar, is a substituted or unsubstituted aryl group, the
compound may be more useful for an emission layer for a
organic optoelectronic device.

When | and m are each independently 2, crystallinity of a
thin layer may be lowered and an amorphous structure may be
formed to improve thermal stability of an organic optoelec-
tronic device.

The compound for an organic optoelectronic device
according to an embodiment may be a compound represented
by the following Chemical Formula 2.

[Chemical Formula 2]

Ar A
/Au\( 1 \A / ’
A{ \ 5
Als Arz.
Als:Aﬁ :

In Chemical Formula 2, A, A;, A5, and A; to A, 5 may be
independently selected from the group of CR;, CR;, CRy,
CR¢to CR;s, SiRy, SiR5, SiRs, SiRg, to SiR, 5, and N (A, A,
A, and A to A, 5 corresponding to CR,, CR,, CRs, and CR¢
to CR, 5, respectively, or SiR |, SiR;, SiR, and SiR, to SiR 5,
respectively, as the case may be). Adjacent ones of Rgto R,
are optionally fused to each other to form a fused ring. Adja-
cent ones of R, to R 5 are optionally fused to each other to
form a fused ring. At least one of A;, A;, and A5 may be
selected from the group of SiR,, SiR;, SiR, and N. At least
one of A to A, may be selected from the group of SiR to
SiR,, and N, or at least one atom of a fused ring formed by
adjacent ones of R4 to R, , may be a heteroatom. At least one
of A, to A, may be selected from the group of SiR | ; to SiR | 5
and N, or at least one atom of a fused ring formed by adjacent
ones of R, to R, 5 may be a heteroatom.

In Chemical Formula 2,R,, R;, R, and R to R, s may each
independently be selected from the group of hydrogen, a
halogen, a nitrile group, a cyano group, a nitro group, an
amide group, a carbonyl group, an ester group, a substituted
or unsubstituted alkyl group, a substituted or unsubstituted
alkylene group, a substituted or unsubstituted alkoxy group, a
substituted or unsubstituted alkenyl group, a substituted or
unsubstituted alkenylene group, a substituted or unsubsti-
tuted alkynyl group, a substituted or unsubstituted alkynylene
group, a substituted or unsubstituted cycloalkyl group, a sub-
stituted or unsubstituted cycloalkylene group, a substituted or
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unsubstituted aryl group, and a substituted or unsubstituted
arylene group.
In Chemical Formula 2, Ar, may be a substituted or unsub-
stituted arylene group.

In Chemical Formula 2, Ar, and Ar, may be independently
a substituted or unsubstituted aryl group, and the aryl may be
a C6 to C50 aromatic, e.g., a monocyclic aryl such as phenyl,
or a polycyclic aryl such as naphthyl, anthracenyl, phenan-
threnyl, pyrenyl, peryenyl, and the like.

Preferably, at least one of A}, A; and A5 includes N, at least
one of Ag to A, includes N, and at least one of A, to A
includes N.

When Ar, is a substituted or unsubstituted arylene group
and/or Ar, and Ar, are independently a substituted or unsub-
stituted aryl group, the compound may be more useful for an
emission layer for a organic optoelectronic device.

When R, to R, of Chemical Formula 1 and R, R5, Rs, Ry
to R, 5 of Chemical Formula 2 is a substituted or unsubstituted
aryl group, or a substituted or unsubstituted arylene group,
the aryl may be C6 to C50 aryl. Particularly, when the aryl is
a monocyclic aryl such as phenyl, biphenyl, terphenyl, styre-
nyl, and the like, or a polycyclic aryl naphthyl, anthracenyl,
phenanthrenyl, pyrenyl, peryenyl, pyrenyl, and the like, the
compound may be more useful for an emission layer for a
organic optoelectronic device.

In Chemical Formula 1, adjacent ones of R, to Ry may be
fused to each other to form a fused ring, and adjacent ones of
R¢ to R;, may be fused to each other to form a fused ring. In
Chemical Formula 2, adjacent ones of R to R, , may be fused
to each other to form a fused ring, and adjacent ones of R ; to
R, 5 may be fused to each other to form a fused ring. A fused
ring including A, to A and a fused ring including Ag to A,
in Chemical Formula 1, and a fused ring including Ag to A,
and a fused ring including A, | to A |5 in Chemical Formula 2
may be a substituted or unsubstituted heterocyclic group.

The heterocyclic group may be selected from the group of
a thiophenyl group, a furanyl group, a pyrrolyl group, an
imidazolyl group, a thiazolyl group, an oxazolyl group, an
oxadiazolyl group, a triazolyl group, a carbazolyl group, a
pyridinyl group, a pyridazine group, a quinolinyl group, an
isoquinolinyl group, an arcidyl group, an imidazopyridinyl
group, and an imidazopyrimidinyl group.

In an embodiment, a substituent linked to nitrogen (N) of
the imidazolyl or triazolyl group may be selected from the
group of an alkyl group such as a substituted or unsubstituted
methyl group, ethyl group, propyl group, isopropyl group,
butyl group, tertiary-butyl group, pentyl group, hexyl group,
heptyl group, and the like; a cycloalkyl group such as a
substituted or unsubstituted cyclopentyl group, cyclohexyl
group, and the like; an aryl group such as a substituted or
unsubstituted phenyl group, biphenyl group, naphthyl group,
and the like; and a substituted or unsubstituted heterocyclic
group. The heterocyclic group is preferably a heteroaryl
group such as pyridyl, bipyridyl, quinolyl, isoquinolyl, and
the like.

The various substituents of the above-described com-
pounds represented by the above Chemical Formula 1 and
Chemical Formula 2 may be configured to preserve principal
properties of the compound for an organic optoelectronic
device according to an embodiment.

Examples of the compounds for an organic optoelectronic
device according to an embodiment include compounds rep-
resented by the following Formulae 3 to 52:
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-continued

[Chemical Formula 50]

[Chemical Formula 51]

[Chemical Formula 52]

The compound for an organic optoelectronic device
including the above compounds may be used as a light emit-
ting host with an appropriate dopant due to good hole and
electron transport capability.

The dopant may be a reducing dopant. The reducing dopant
may be selected from the group of an alkali metal, an alkali
earth metal, a rare earth element metal, an oxide of an alkali
metal, a halide of an alkali metal, an organic complex of an
alkali metal, an oxide of an alkali earth metal, a halide of an
alkali earth metal, an organic complex of an alkali earth
metal, an oxide of an alkali earth metal, a halide of an alkali
earth metal, an organic complex of an alkali earth metal, an
oxide of a rare earth element metal, a halide of a rare earth
element metal, and an organic complex of a rare earth element
metal.

The compound for an organic optoelectronic device may
be used in an organic thin layer of an organic optoelectronic
device, and thus provide an organic optoelectronic device
having improved efficiency and a low driving voltage. Also,
life-span of the organic optoelectronic device may be
improved.

Another embodiment provides an organic optoelectronic
device including the compound for an organic optoelectronic
device. Such an organic optoelectronic device includes an
organic photoelectronic device, an organic light emitting
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diode (OLED), an organic solar cell, an organic photo con-
ductor drum, an organic transistor, an organic memory
device, or the like. The compound for an organic optoelec-
tronic device according to an embodiment may be applied to
an electrode or an electrode buffer layer of an organic solar
cell to improve quantum efficiency, or may be applied to an
electrode material of a gate, source-drain electrodes, and the
like of an organic transistor.

Hereinafter, an organic light emitting diode is described in
more detail.

According to an embodiment, an organic light emitting
diode includes an anode and a cathode, and at least one
organic thin layer disposed between the anode and cathode.
The organic thin layer may include the compound for an
organic optoelectronic device according to an embodiment.

The compound for an organic optoelectronic device may
be included in an organic thin layer that includes at least one
of an emission layer, a hole transport layer (HTL), a hole
injection layer (HIL), a hole blocking layer, an electron trans-
portlayer (ETL), an electron injection layer (EIL), an electron
blocking layer, or a combination thereof. At least one of these
organic thin layers may include the compound for an organic
optoelectronic device. In an embodiment, at least one of an
emission layer, a hole transport layer (HTL), a hole injection
layer (HIL), an electron transport layer (ETL), an electron
injection layer (EIL), or a combination thereof may include
the compound for an organic optoelectronic device according
to an embodiment.

FIGS. 1 to 5 illustrate cross-sectional views showing
organic light emitting diodes including organic compounds
according to various embodiments.

Referring to FIGS. 1 to 5, the organic light emitting diodes
100, 200, 300, 400, and 500 according to an embodiment
include at least one organic thin layer 105 interposed between
an anode 120 and a cathode 110.

The anode 120 may include an anode material laving a
large work function to help 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; ametal oxide such as zinc oxide, indium oxide,
indium tin oxide (ITO), and indium zinc oxide (IZO); a com-
bined metal and oxide such as ZnO:Al or SnO,:Sb; or a
conductive polymer such as poly(3-methylthiophene), poly
[3,4-(ethylene-1,2-dioxy)thiophene] (PEDT), polypyrrole,
and polyaniline, etc.

The cathode 110 may include a cathode material having a
small work function to help 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, and lead,
or alloys thereof; or a multi-layered material such as LiF/Al,
Lig/Al, LiO,/Al, LiF/Ca, LiF/Al, and BaF,/Ca, etc.

In the example embodiment shown in FIG. 1, the organic
light emitting diode 100 includes an organic thin layer 105
including only an emission layer 130.

In the example embodiment shown in FIG. 2, a double-
layered organic light emitting diode 200 includes an organic
thin layer 105 including an emission layer 230 including an
electron transport layer (ETL), and a hole transport layer
(HTL) 140. The emission layer 130 also functions as an
electron transport layer (ETL), and the hole transport layer
(HTL) 140 layer has an excellent binding property with a
transparent electrode such as ITO or an excellent hole trans-
porting property.

In the example embodiment shown in FIG. 3, a three-
layered organic light emitting diode 300 includes an organic
thin layer 105 including an electron transport layer (ETL)
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150, an emission layer 130, and a hole transport layer (HTL)
140. The emission layer 130 is independently installed, and
layers having an excellent electron transporting property or
an excellent hole transporting property are separately
stacked.

In the example embodiment shown in FIG. 4, a four-lay-
ered organic light emitting diode 400 includes 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 injection layer (HIL) 170 for binding with the anode 120
of ITO.

In the example embodiment shown in F1G. 5, a five layered
organic light emitting diode 500 includes 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 injection layer (HIL) 170, and further includes an elec-
tron injection layer (EIL) 160 to achieve a low voltage.

The organic light emitting diode may be fabricated by
forming an anode on a substrate, forming an organic thin
layer, and forming a cathode thereon. The organic thin layer
may be formed by a dry coating method such as evaporation,
sputtering, plasma plating, and ion plating, or a wet coating
method such as spin coating, dipping, and flow coating.

Another embodiment provides a display including the
organic light emitting diode according to the above embodi-
ment.

The following Examples and Comparative Examples are
provided in order to set forth particular details of one or more
embodiments. However, it will be understood that the
embodiments are not limited to the particular details
described. Further, the Comparative Examples are set forth to
highlight certain characteristics of certain embodiments, and
are not to be construed as either limiting the scope of the
invention as exemplified in the Examples or as necessarily
being outside the scope of the invention in every respect.

Synthesis of Compound for an Organic Optoelectronic
Device

EXAMPLE 1
Synthesis of Compound of Chemical Formula 28

A compound represented by the above Chemical Formula
28, as a specific example of a compound for an organic
optoelectronic device according to an embodiment, was syn-
thesized through four steps as provided in the following Reac-
tion Schemes 1-4.

Synthesis of an Intermediate Product (A); First Step

20 g (63.5 mmol) of tribromobenzene, 24.2 g (139.8 mmol)
of quinoline-3-boronic acid, 7.4 g (6.4 mmol) of tetrakis
(triphenylphosphine)palladium 0, and 52.7 g (381.2 mmol) of
potassium carbonate were dissolved in 800 ml of a solvent
(prepared by mixing tetrahydrofuran/H,O in a volume ratio
0f'3/1) and then reacted at 85° C. for 18 hours. The obtained
reactant was extracted with ethyl acetate, and then the solvent
was removed under a reduced pressure. The extracted product
was separated using a column and dried, obtaining 13 g
(Y=50%) of a solid.

Synthesis of Intermediate Product (B); Second Step

10 g (36.5 mmol) of 2-6-dibromo-4-iodopyridine was dis-
solved in 500 ml of tetrahydrofuran. Then, the solution was
maintained at 78° C. Then, 22.8 ml (36.51 mmol) ofa 1.6 M
n-butyl lithium solution was slowly dropped to the above
solution. The mixture was agitated at 78° C. for one hour.
Next, 10.1 m1(43.8 mmol) of triisopropyl borate was added to
the agitated mixture. The resulting mixture was slowly heated
to room temperature and reacted for 18 hours while agitated.
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To the reaction mixture, an aqueous sodium hydroxide solu-
tion was added. The mixture was agitated for one hour, and
then hydrochloric acid was used to adjust acidity of the entire
solution to neutral. Then, the reactant was extracted using
ethyl acetate, and the solvent was removed under a reduced
pressure, separated using a column, and dried, obtaining a
solid of 2.83 g (Y=40%).

Synthesis of Intermediate Product (C); Third Step

4.81 g (11.7 mmol) of the intermediate product (A)
obtained in the first step, 2.21 g (11.52 mmol) of the interme-
diate product (B) obtained in the second step, 1.26 g (1.1
mmol) of tetrakis(triphenyl-phosphine)palladium 0, and 4.52
g (32.7 mmol) of potassium carbonate were dissolved in 180
ml of a solvent prepared by mixing tetrahydrofuran/H,O in a
volume ratio of 3/1. The solution was reacted at 75° C. for 18
hours. The obtained reactant was extracted using ethyl
acetate, separated using a column after removing the solvent
under a reduced pressure, and dried, obtaining a solid of 3.74
2 (Y=68%).

Synthesis of Compound of Chemical Formula 28; Fourth
Step

3.74 g (7.82 mmol) of intermediate product (C) obtained in
the step 3, 2.96 g (17.2 mmol) of naphthalene-2-boronic acid,
0.9 g (0.78 mmol) of tetrakis(triphenylphosphine)palladium
0, and 6.48 g (46.9 mmol) of potassium carbonate were dis-
solved in 160 ml of a solvent prepared by mixing tetrahydro-
furan/H,O in a volume ratio of 3/1. The solution was reacted
at 85° C. for 3 hours. The resulting reactant was extracted
using chloroform, separated using a column after removing
the solvent under a reduced pressure, and dried, obtaining a
solid of 2 g (Y=39%).

EXAMPLE 2
Synthesis of Compound of Chemical Formula 30

A compound represented by the above Chemical Formula
30, as a specific example of a compound for an organic
optoelectronic device according to an embodiment, was syn-
thesized through three steps in the following Reaction
Schemes 5-7.

Synthesis of Intermediate Product (D); First Step

20 g (109.04 mmol) of 2,4,6-trichloropyrimidine, 37.5 g
(218.04 mmol) of naphthalene-2-boronic acid, 6.3 g (5.45
mmol) of tetrakis(triphenylphosphine)palladium 0, and 60.3
g (436.29 mmol) of potassium carbonate were dissolved in
600 ml of a solvent prepared by mixing tetrahydrofuran/H,O
in a volume ratio of 2/1. The solution was reacted at 80° C. for
6 hours. The resulting reactant was extracted using chloro-
form, separated using a column after removing the solvent
under a reduced pressure, and dried, obtaining a solid 0f 29.5
g (Y=74%).

Synthesis of an Intermediate Product (E); Second Step

21.11 g (51.33 mmol) of the intermediate product (A),
15.64 g (61.59 mmol) of bis(pinacolato)diborone, 2.1 g (2.57
mmol) of [1,1'-bis(diphenylphosphino)ferrocene]dichloro
palladium (II) complex with dichloromethane, and 15.1 g
(153.98 mmol) of potassium acetate were dissolved in 500 m1
oftoluene. The solution was heated at 80° C. for 18 hours. The
resulting reactant was extracted using chloroform, separated
using a column after removing the solvent under a reduced
pressure, and dried, obtaining a solid of 21.9 g (Y=96%).

Synthesis of Compound of Chemical Formula 30; Third
Step

3 g (8.18 mmol) of the intermediate product (D) prepared
in the first step, 3.29 g (7.44 mmol) of the intermediate prod-
uct (E) prepared in the second step, 0.43 g (0.37 mmol) of
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tetrakis(triphenylphosphine)palladium 0, and 3.08 g (22.3
mmol) of potassium carbonate were dissolved in 120 ml of a
solvent prepared by mixing tetrahydrofuran/H,O in a volume
ratio of 3/1. The solution was reacted at 85° C. for 18 hours.
The resulting reactant was extracted using chloroform, sepa-
rated using a column after removing the solvent under a

reduced pressure, and then dried, obtaining a solid of 3.5 g
(Y=70%).

EXAMPLE 3
Synthesis of Compound of Chemical Formula 31

A compound represented by the above Chemical Formula
31, as a specific example of a compound for an organic
optoelectronic device according to an embodiment, was syn-
thesized through two steps provided in the following Reac-
tion Schemes 8-9.

Synthesis of an Intermediate Product (F); First Step

6 g (13.09 mmol) of the intermediate product (F), 2.4 g
(13.09 mmol) of 2.4,6-trichloropyrimidine, 0.38 g (0.33
mmol) of tetrakis(triphenylphosphine)palladium 0, and 3.62
£ (26.19 mmol) of potassium carbonate were dissolved in 72
ml of a solvent prepared by mixing tetrahydrofuran/H,O in a
volume ratio of 2/1. The solution was reacted at 80° C. for 6
hours. The resulting reactant was extracted using chloroform,
separated using a column after removing the solvent under a
reduced pressure, and then dried, obtaining a solid of 4.9 g
(Y=78%).

Synthesis of Compound of Chemical Formula 31; Second
Step

4.9 g (10.22 mmol) of the intermediate product (F) pre-
pared in the first step, 3.9 g (22.68 mmol) of naphthalene-2-
boronic acid, 0.6 g (0.52 mmol) of tetrakis(triphenylphos-
phine)palladium 0, and 5.7 g (41.24 mmol) of potassium
carbonate were dissolved in 350 ml of a solvent prepared by
mixing tetrahydrofuran/H,O/toluene in a volume ratio of 3/2/
2. The solution was reacted at 110° C. for 24 hours. The
resulting reactant was extracted using chloroform, separated
using a column after removing the solvent under a reduced
pressure, and then dried, obtaining a solid of 3.9 g (Y=58%).

The compounds synthesized according to Examples 1 to 3
were analyzed using "H NMR (nuclear magnetic resonance
spectroscopy). The results are respectively provided in FIGS.
61t08.

Fabrication of Organic Light Emitting Diode

EXAMPLE 4

A positive electrode was fabricated by cutting a 15 Q/cm?
1200 A ITO glass substrate (Corning Inc.) to have a size of 50
mmx50 mm, and cleaning it with an ultrasound in isopropyl
alcohol and pure water respectively for 5 minutes, and then
with UV-ozone for 30 minutes.

Then, thermal vacuum-deposition was performed on the
glass substrate under a degree of vacuum 650 10~7 Pa. First of
all, an N1,N1'-(biphenyl-4,4'-diyl)bis (N1-(naphthalene-2-
y1)-N4,N4-diphenylbenzene-1,4-diamine (65 nm) hole injec-
tion layer (HIL) was deposited, and then an N,N'-di(1-naph-
thyl)-N,N'-diphenylbenzidine (NPB) (40 nm) hole transport
layer (HTL) was deposited thereon.

Then, an emission layer (25 nm), which was prepared by
mixing 5 wt % of N,N,N',N'-tetrakis(3,4-dimethylphenyl)
chrysene-6,12-diamine and 95 wt % of 9-(3-(naphthalene-1-
yl)phenyl)-10-(naphthalene-2-yl)anthracene, was deposited
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thereon, and an electron transport layer (ETL) prepared by
using the compound (35 nm) according to Example 1 was
deposited.

On the electron transport layer (ETL), Liq as an electron
injection layer (EIL) was vacuum-deposited to be 0.5 nm
thick under the same deposit condition, and Al was vacuum-
deposited to be 100 nm thick to form a Lig/Al electrode. The
organic light emitting diode had a structure as shown in FIG.
5.

EXAMPLE 5

An organic light emitting diode was fabricated according
to the same method as in

Example 4, except for using the compound according to
Example 2 for an electron transport layer (ETL).

EXAMPLE 6

An organic light emitting diode was fabricated according
to the same method as in Example 4, except for using the
compound according to Example 3 for an electron transport
layer (ETL).

COMPARATIVE EXAMPLE 1

An organic light emitting diode was fabricated according
to the same method as in Example 4, except for using Alq, as
an electron transport material to form an electron transport
layer (ETL).

Property Measurement and Analysis

1) Measurement of driving voltage, luminance, luminous
efficiency, and color coordinate

The organic light emitting diodes according to Examples 4
to 6 and Comparative Example 1 were measured regarding
driving voltage (V) and color coordinate to emit luminance of
1000 cd/m? by using a luminance meter (Minolta Cs-1000A)
and regarding current efficiency (cd/A) and electrical power
efficiency (Im/W) to emit the same luminance. The results are
provided in Table 1.

2) Current density measurement depending on voltage
change

Each organic light emitting diode according to Examples 4
to 6 and Comparative Example 1 was measured regarding
current in a unit device by using a current-voltage device
(Keithley 2400) while increasing its voltage from 0V to 14 V.
The current measurement was divided by an area to calculate
current density. The result is provided in FIG. 9.

TABLE 1
Luminance at 1000 cd/m?
Driving Current  Electrical power  Color coordinate
voltage efficiency efficiency CIE
V) (cd/A) (Im/W) X y

Example 4 5.68 11.82 6.54 0.13 0.26
Example 5 5.87 9.43 5.04 0.14 0.22
Example 6 5.63 9.66 5.39 0.14 0.22
Comparative 7.30 6.85 2.95 0.13 0.22
Example 1
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Referring to Table 1 and to FIG. 9, the organic light emit-
ting diodes according to Examples 4 to 6 had a remarkably
lower driving voltage than the one of Comparative Example
1. In addition, the organic light emitting diodes according to
Examples 4 to 6 had remarkably low driving voltage but
superbly high current efficiency and electric power efficiency.

Without being bound by theory, it is believed that these
measurement results come from balance between holes and
electrons in the emission layer. The compounds used in
Examples 4 to 6 had excellent electron implant and transport
characteristics compared with an electron transport material,
Algs.

As described above, embodiments relate to a compound for
an organic optoelectronic device being capable of providing
an organic optoelectronic device having a low driving volt-
age, and excellent life-span and efficiency characteristics due
to excellent hole and electron transport capability and thermal
stability, and an organic light emitting diode including the
same. A compound for an organic optoelectronic device of
Chemical Formula 1 having excellent hole and electron trans-
port capability and thermal stability is provided. The com-
pound for an organic optoelectronic device may provide an
organic optoelectronic device having a low driving voltage,
and excellent life-span and efficiency.

By way of summation and review, a device may have a
decreased life-span if the material therein crystallizes due to
Joule heat generated when it is driven. The compound 2-(4-
biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole (PBD)
may not provide sufficient thermal stability and may crystal-
lize when a device is driven. In addition, BCP and an alumi-
num mixed coordination complex (BAlq, bis(2-methyl-8-
quinolinolate)-4-(phenylphenolate)aluminum), which may
be used to lower hole mobility, may result in deterioration of
the electron injection characteristic and may crystallize when
a device is driven.

In order to increase the luminous efficiency, smooth com-
bination between holes and electrons in an emission layer is
desired. However, an organic material may have slower elec-
tron mobility than hole mobility. Thus, it may exhibit less
efficient combination between holes and electrons, resulting
in a decrease of luminous efficiency. An embodiment pro-
vides a compound for an organic optoelectronic device hav-
ing excellent hole and electron transport capability. Another
embodiment provides an organic light emitting diode having
a low driving voltage, and excellent life-span and efficiency
characteristics by including the compound for an organic
optoelectronic device. Yet another embodiment provides a
display including the organic light emitting diode.

The compound for an organic optoelectronic device
according to an embodiment may provide improved hole and
electron transport capability, with an energy level modified by
the selected substituent(s). In an implementation, the com-
pound for an organic optoelectronic device according to an
embodiment has a structure where an aryl group and a het-
erocyclic group are sequentially repeated, which may lower
an energy level and result in improvement of electron trans-
port capability. The compound for an organic optoelectronic
device according to an embodiment may be used in an organic
thin layer of an emission layer, a hole transport layer (HTL),
a hole injection layer (HIL), an electron transport layer
(ETL), an electron injection layer (EIL), or a combination
thereof, and may provide an organic optoelectronic device
having excellent electrochemical and thermal stability and
life-span, and high luminous efficiency at a low driving volt-
age.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
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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 skill in the art as of the filing of the present
application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments 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 compound for an organic photoelectric device, the
compound being represented by the following Chemical For-
mula 1:

[Chemical Formula 1]
/A9=A10 A=Ay LAy
AY
(Ag >9_Ar 14< Az
\ /7 \ 7
Ar—Ag As— Ay

wherein, in Chemical Formula 1,

A, to A, are each independently selected from the group
of CR, to CR,, SiR, to SiR,,, and N, wherein at least
two adjacent ones of R4 to R, are fused to each other to
form an aromatic fused ring, provided that:

the ring including A, to As is a pyridinylene ring in
which exactly one of A, to A5 is N,

at least one of Agto A, is N, or at least one atom of the
aromatic fused ring formed by fused ones of adjacent
ones of Rgto R, is N, and

at least two of A4 to A, are selected from the group of
CRg to CR,, and SiR4 to SiR o,

R, toR, are each independently selected from the group of
hydrogen, a halogen, a nitrile group, a cyano group, a
nitro group, an amide group, a carbonyl group, an ester
group, a substituted or unsubstituted alkyl group, a sub-
stituted or unsubstituted alkylene group, a substituted or
unsubstituted alkoxy group, a substituted or unsubsti-
tuted alkenyl group, a substituted or unsubstituted alk-
enylene group, a substituted or unsubstituted alkynyl
group, a substituted or unsubstituted alkynylene group, a
substituted or unsubstituted cycloalkyl group, a substi-
tuted or unsubstituted cycloalkylene group, a substituted
or unsubstituted aryl group, and a substituted or unsub-
stituted arylene group,

Ar, is an unsubstituted arylene group or an arylene group
substituted only with a halogen, a nitrile group, a cyano
group, a nitro group, an amide group, a carbonyl group,
an ester group, an alkyl group, an alkoxy group, an
alkenyl group, an alkynyl group, a cycloalkyl group, an
aryl group, or a combination thereof,

Ar, is a substituted or unsubstituted aryl group, and

1 is an integer ranging from 2 to 4, and m is an integer
ranging from 1 to 4, wherein each of the 2 to 4 1 units are
the same, and wherein, when m is 2 or more such that
there are 2 or more m units, each of the 2 or more m units
are the same or different.
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2. The compound as claimed in claim 1, wherein 1is 2 and
m is 2, and the compound is represented by the following [Chemical Formula 18]
Chemical Formula 2:

[Chemical Formula 2]

Ao Ar, 10

¢ A /A;
Al
At
A\IZ \ 15
Als Arz
A=/
13357

20

wherein, in Chemical Formula 2,

A, to A, 5 are each independently selected from the group
of CR,, to CR,, SiR,, to SiR 5, and N, wherein at least
two adjacent ones of R, | to R, 5 are fused to each other to
form an aromatic fused ring, provided that:

atleastone of A, to A, 5 is N, or at least one atom of the
aromatic fused ring formed by fused ones of adjacent 30
ones of R;, toR, 5 is N, and

at least two of A, to A5 are selected from the group of
CR,, to CR,sand SiR;; to SiR, 5,

R,, to R, 5 are each independently selected from the group 35
of hydrogen, a halogen, a nitrile group, a cyano group, a
nitro group, an amide group, a carbonyl group, an ester
group, a substituted or unsubstituted alkyl group, a sub-
stituted or unsubstituted alkylene group, a substituted or
unsubstituted alkoxy group, a substituted or unsubsti- 40
tuted alkenyl group, a substituted or unsubstituted alk-
enylene group, a substituted or unsubstituted alkynyl
group, a substituted or unsubstituted alkynylene group, a
substituted or unsubstituted cycloalkyl group, a substi-
tuted or unsubstituted cycloalkylene group, a substituted
or unsubstituted aryl group, and a substituted or unsub-
stituted arylene group, and

45

Ar, is a substituted or unsubstituted aryl group.

3. The compound as claimed in claim 2, wherein, in 50
Chemical Formula 2, a substituent including Agto A, and a
substituent including A, to A, 5 are a quinolinyl group or an
isoquinolinyl group.

4. The compound as claimed in claim 2, wherein, in
Chemical Formula 2, A, is N, and a substituent including A
to A, and a substituent including A, to A, 5 are a quinolinyl
group or an isoquinolinyl group.

5. The compound as claimed in claim 4, wherein the quino-
linyl group or isoquinolinyl group is bound with Ar, at a No. 60
2 or 3 position of the quinolinyl group or isoquinoliny] group.

6. The compound as claimed in claim 1, wherein Ar, is a C6
to C50 aryl.

7. The compound as claimed in claim 1, wherein the com- 65
pound is a compound selected from the following Chemical
Formulae 18, 23, 28, 34, 38, 43, and 48:
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-continued -continued

[Chemical Formula 38] [Chemical Formula 24]

8. The compound as claimed in claim 1, wherein the com-
pound is a compound selected from the following Chemical
Formulae 19, 24, 29, 35, 39, 44, and 49: 50

[Chemical Formula 19] [Chemical Formula 39]
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[Chemical Formula 44]
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9. An organic photoelectric device, comprising:

an anode, a cathode, and at least one organic thin layer
between the anode and the cathode, the at least one
organic thin layer including the compound as claimed in
claim 1.

10. The organic photoelectric device of claim 9, wherein
the compound is a host material or a charge transport material.

11. The organic photoelectric device of claim 9, wherein
the at least one organic thin layer includes at least one of an
emission layer, a hole transport layer, a hole injection layer,
an electron transport layer, an electron injection layer, and a
combination thereof.

12. The organic photoelectric device of claim 9, wherein
the at least one organic thin layer includes a layer that
includes the compound and a reducing dopant.

13. The organic photoelectric device of claim 12, wherein
the reducing dopant is selected from the group of an alkali
metal, an alkali earth metal, a rare earth element metal, an
oxide of an alkali metal, a halide of an alkali metal, an organic
complex of an alkali metal, an oxide of an alkali earth metal,
a halide of an alkali earth metal, an organic complex of an
alkali earth metal, an oxide of a rare earth element metal, a
halide of a rare earth element metal, and an organic complex
of a rare earth element metal.

14. A display device comprising the organic photoelectric
device as claimed in claim 9.

15. The compound as claimed in claim 1, wherein, in
Chemical Formula 1, Ar, is an unsubstituted arylene group.

* % Ed Ed %
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