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Description

Title of Invention: BENZIMIDAZOLE COMPOUNDS AND
ORGANIC PHOTOELECTRIC DEVICE WITH THE SAME

Technical Field

The present invention relates to benzimidazole compounds and an organic photo-
electric device including the same. More particularly, the present invention relates to
novel benzimidazole compounds that have high solubility in an organic solvent, and
that are applicable as a host material of an emission layer, an electron transporting
material, or a hole blocking material of an organic photoelectric device since they emit
fluorescence and phosphorescence at a red wavelength through a blue wavelength, and

an organic photoelectric device including the same.

Background Art

An organic photoelectric device has been highlighted as the next generation display
device. The organic photoelectric device can be driven at a low voltage, and can solve
various problems of a thin film transistor-liquid crystal display (TFT-LCD), such as is
difficult to make it thinner and have a wide viewing angle and rapid response speed.
The organic photoelectric device of a middle size or less also has equivalent or better
image quality to a TFT-LCD compared to other displays, and its manufacturing
process is very simple. Therefore, it is considered that it will be advantageous in terms
of cost in the future.

An organic photoelectric device includes an organic light emitting material between a
rear plate including ITO transparent electrode patterns as an anode on a transparent
glass substrate and an upper plate including a metal electrode as a cathode on a
substrate. When a predetermined voltage is applied between the transparent electrode
and the metal electrode, current flows through the organic light emitting material to
emit light.

Such an organic light emitting material for an organic photoelectric device was firstly
developed by Eastman Kodak, Inc., in 1987. The material is a low molecular aromatic
diamine and aluminum complex as an emission-layer-forming material (Applied
Physics Letters. 51, 913, 1987). C. W. Tang et al. firstly disclosed a practicable device
as an organic photoelectric device in 1987 (Applied Physics Letters, 51 12, 913-915,
1987).

According to the reference, the organic layer has a structure in which a thin film
(hole transport layer (HTL)) of a diamine derivative and a thin film of

tris(8-hydroxy-quinolate)aluminum (Alq,) are laminated. The Alq, thin film functions
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as an electron transporting emission layer.

Generally, an organic photoelectric device is composed of an anode of a transparent
electrode, an organic thin layer of a light emitting region, and a metal electrode
(cathode) formed on a glass substrate, in that order. The organic thin layer may include
an emission layer, a hole injection layer (HIL), a hole transport layer (HTL), an
electron transport layer (ETL), or an electron injection layer (EIL). It may further
include an electron inhibition layer or a hole inhibition layer due to the emission char-
acteristics of the emission layer.

When the organic light emitting diode is applied with an electric field, the holes and
electrons are injected from the anode and the cathode, respectively. The injected holes
and electrons are recombined on the emission layer though the hole transport layer
(HTL) and the electron transport layer (ETL) to provide light emitting excitons. The
provided light emitting excitons emit light by transiting to the ground state.

The light emission may be classified as a fluorescent material including singlet
excitons and a phosphorescent material including triplet excitons according to the light
emitting mechanism.

Recently, it is has become known that a phosphorescent light emitting material can
be used for a light emitting material of an organic photoelectric device in addition to
the fluorescent light emitting material (D. F. O'Brien et al., Applied Physics Letters, 74
3,442-444, 1999; M. A. Baldo et al., Applied Physics letters, 75 1, 4-6, 1999). Such a
phosphorescent material emits light by transiting the electrons from a ground state to
an excited state, non-radiance transiting of a singlet exciton to a triplet exciton through
intersystem crossing, and transiting a triplet exciton to a ground state to emit light.

When the triplet exciton is transited, it cannot directly transit to the ground state.
Therefore, the electron spin is flipped, and then it is transited to the ground state so that
it provides a characteristic of extending the lifetime (emission duration) to more than
that of fluorescent emission.

In other words, the duration of fluorescent emission is extremely short at several
nanoseconds, but the duration of phosphorescent emission is relatively long such as at
several microseconds.

In addition, evaluating quantum mechanically, when holes injected from the anode
are recombined with electrons injected from the cathode to provide light emitting
excitons, the singlet and the triplet are produced in a ratio of 1:3, in which the triplet
light emitting excitons are produced at three times the amount of the singlet light
emitting excitons in the organic photoelectric device.

Accordingly, the percentage of the singlet exited state is 25% (the triplet is 75%) in
the case of a fluorescent material, so it has limits in luminous efficiency. On the other

hand, in the case of a phosphorescent material, it can utilize 75% of the triplet exited
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state and 25% of the singlet exited state, so theoretically the internal quantum ef-
ficiency can reach 100%. When a phosphorescent light emitting material is used, it has
advantages in an increase in luminous efficiency of around four times that of the flu-

orescent light emitting material.
In the above-mentioned organic photoelectric device, a light emitting colorant

(dopant) may be added to an emission layer (host) in order to increase the efficiency
and stability in the emission state.

In this structure, the efficiency and properties of the light emission diodes are
dependent on the host material in the emission layer. According to studies regarding
the emission layer (host), the organic host material can be exemplified by a material
including naphthalene, anthracene, phenanthrene, tetracene, pyrene, benzopyrene,
chrysene, pycene, carbazole, fluorene, biphenyl, terphenyl, triphenylene oxide,
dihalobi phenyl, trans-stilbene, and 1,4-diphenylbutadiene.

Generally, the host material includes 4,4-N,N-dicarbazole biphenyl (CBP) having a
glass transition temperature of 110 C or less and excessively high symmetry. Thereby,
it tends to crystallize and cause problems such as a short circuit and a pixel defect
according to results of thermal resistance tests of the devices.

In addition, most host materials including CBP are materials in which the hole
transporting property is greater than the electron transporting property. In other words,
as the injected hole transportation is faster than the injected electron transportation, the
excitons are ineffectively formed in the emission layer. Therefore, the resultant device
has deteriorated luminous efficiency.

Accordingly, host materials, or charge transporting materials such as electron
transporting materials, hole blocking materials, and the like that have high thermal

stability and triplet T1 energy, have been required to be developed.

Disclosure of Invention

Technical Problem

One embodiment of the present invention provides a novel benzimidazole compound
having high charge transporting properties, good film stability, and high triplet T1
energy and thus is applicable to host materials, or charge transporting materials such as
electron transporting materials, hole blocking materials, and the like.

Another embodiment of the present invention provides an organic photoelectric

device including the benzimidazole compound.

Solution to Problem

According to one embodiment of the present invention, a benzimidazole compound
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represented by the following Chemical Formula 1 is provided.
[Chemical Formula 1]

{Ar‘i)x T
\\,;A Q\\f §\|I — ,
SIS s S
E‘/\) ST N

{Ara)y - —m

In the above Chemical Formula 1,

AisCorN,

Ar; to Ar, are the same or different and are independently selected from the group
consisting of a substituted or unsubstituted C6 to C30 aryl, a substituted or unsub-
stituted C2 to C30 heteroaryl, a substituted or unsubstituted C6 to C30 arylamine, a
substituted or unsubstituted C2 to C30 heteroarylamine, a substituted or unsubstituted
carbazole, and a substituted or unsubstituted fluorene,

x and y are the same or different and are independently integers ranging from O to 5,
provided that 1<x+y<5,

R is hydrogen or a C1 to C7 lower alkyl,

n is an integer ranging from O to 3,

R'is selected from the group consisting of a substituted or unsubstituted C1 to C50
alkyl and a substituted or unsubstituted C6 to C50 aryl, and

mis 1 or 2.

According to another embodiment of the present invention, an organic photoelectric
device is provided that includes an anode, a cathode, and organic thin layers disposed
between the anode and cathode. The organic thin layer includes the above benz-
imidazole compound.

According to a further embodiment of the present invention, a display element is
provided that includes the organic photoelectric device.

Hereinafter, further embodiments of the present invention will be described in detail.

Advantageous Effects of Invention
The benzimidazole compound is applicable as host materials, electron transporting
materials, or hole blocking materials, and thus is used for an organic thin layer of an

organic photoelectric device such as an organic emission layer, an electron transport
layer (ETL), a hole blocking layer, and the like.

Brief Description of Drawings

FIG. 1 is a cross-sectional view showing an organic photoelectric device according to



WO 2010/044607 PCT/KR2009/005911

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[56]

one embodiment of the present invention.
FIG. 2 shows LC-MS data of the compound M-6 prepared in Example 4 of the

present invention.

FIG. 3 is a graph showing a photoluminescence (PL) wavelength of the compound
M-6 prepared in Example 4.

FIG. 4 is a graph showing current density versus voltage of organic photoelectric
devices fabricated using a solution process according to Example 8 of the present
invention and Comparative Example 1.

FIG. 5 is a graph showing current density versus voltage of organic photoelectric
devices fabricated using a solution process according to Example 9 of the present
invention and Comparative Example 2.

FIG. 6 is a graph showing luminance versus voltage of organic photoelectric devices
fabricated using a solution process according to Example 8 of the present invention
and Comparative Example 1.

FIG. 7 is a graph showing luminance versus voltage of organic photoelectric devices
fabricated using a solution process according to Example 9 of the present invention
and Comparative Example 2.

FIG. 8 is a graph showing luminous efficiency versus luminance of organic photo-
electric devices fabricated using a solution process according to Example 8 of the
present invention and Comparative Example 1.

FIG. 9 is a graph showing luminous efficiency versus luminance of organic photo-
electric devices fabricated using a solution process according to Example 9 of the
present invention and Comparative Example 2.

<Description of Reference Numerals Indicating Primary Elements in the Drawings>

11: substrate 12: anode

13: hole transport layer (HTL) 14: organic emission layer

15: electron transport layer (ETL) 16: cathode

Best Mode for Carrying out the Invention

Exemplary embodiments of the present invention will hereinafter be described in
detail. However, these embodiments are only exemplary, and the present invention is
not limited thereto.

As used herein, when specific definition is not provided, the term "substituted" refers
to one substituted with a substituent selected from the group consisting of a halogen, a
cyano, a hydroxy, an amino, a nitro, a carboxyl, an azo, a ferro, a substituted or unsub-
stituted C1 to C30 alkyl, a substituted or unsubstituted C1 to C20 alkenyl, a substituted
or unsubstituted C6 to C30 aryl, a substituted or unsubstituted C2 to C30 heteroaryl, a
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substituted or unsubstituted C1 to C20 alkoxy, a substituted or unsubstituted C6 to C20
aryloxy, a substituted or unsubstituted C3 to C40 silyloxy, a substituted or unsub-
stituted C1 to C20 acyl, a substituted or unsubstituted C2 to C20 alkoxycarbonyl, a
substituted or unsubstituted C2 to C20 acyloxy, a substituted or unsubstituted C2 to
C20 heteroaryloxy, a substituted or unsubstituted C7 to C20 aryloxycarbonyl amino, a
substituted or unsubstituted C1 to C20 sulfamoyl amino, a substituted or unsubstituted
C1 to C20 sulfonyl, a substituted or unsubstituted C1 to C20 alkylthiol, a substituted or
unsubstituted C6 to C20 arylthiol, a substituted or unsubstituted C1 to C20 heterocy-
clothiol, a substituted or unsubstituted C1 to C20 ureide, a substituted or unsubstituted
C1 to C20 phosphoric acid amide, and a substituted or unsubstituted C3 to C40 silyl.

As used herein, when specific definition is not provided, the term "hetero" refers to
one including 1 to 3 heteroatoms selected from the group consisting of N, O, S, and P
in one ring.

According to one embodiment of the present invention, a benzimidazole compound
represented by the following Chemical Formula 1 is provided.

[Chemical Formula 1]

=Y
EAT 1y |

DN R:\?\j NS
[7%) SN L\:Lj

{Arz), m

In the above Chemical Formula 1,

AisCorN,

Ar, to Ar, are the same or different and are independently selected from the group
consisting of a substituted or unsubstituted C6 to C30 aryl, a substituted or unsub-
stituted C2 to C30 heteroaryl, a substituted or unsubstituted C6 to C30 arylamine, a
substituted or unsubstituted C2 to C30 heteroarylamine, a substituted or unsubstituted
carbazole, and a substituted or unsubstituted fluorene,

x and y are the same or different and are independently integers ranging from O to 5,
provided that 1<x+y<5,

R is hydrogen or a C1 to C7 lower alkyl,

n is an integer ranging from O to 3,

R'is selected from the group consisting of a substituted or unsubstituted C1 to C50
alkyl and a substituted or unsubstituted C6 to C50 aryl, and

mis 1 or 2.

In the above Chemical Formula 1, R' is preferably a substituted or unsubstituted C6
to C50 aryl. The aryl may preferably be selected from the group consisting of a sub-
stituted or unsubstituted phenyl and a substituted or unsubstituted naphthyl.
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The benzimidazole compotnd js preferably represeuted by the following Chemicat
Formwla 2.

[Chemical Formula 2]

’[ N /‘
s ST I .9

(A"z)y - -m
In the above Chemical Formula 2,
AisCor N,

Ary to Ar, are the same ox different and are independently selected from the group
consisting of a substitured or nusnbstimted C6 to C30 aryl, n substitated or upsub-
stituted €2 to C30 heteroaryl, a substituted or unsubstituted C6 to C3() arylamine, a
substitured or unsubstituted CZ to C30 hereroarylamine, a substituted or unsubstituted
carbazole, and » substituted or unsubstituted fluorene,

x and y are the same or different and aze independently integers ranging from 0 to 5,
provided that 1<x+y<S,

A is an integer ranging from O to 3,

Ry to Ry are the tame or different and are independently selected from the group
consisting of hydrogen, a halogen, a cyano, a hydroxy, 2n amine, a nitro, a carboxyl, a
substituted or unsubstituted C1 to C30 alkyl, a substituted or unsubstituted C) to C20
alkenyl, a substituted or unsubstiroted C6 ta C30 aryl, a substituted or unsubstituted C2
to C30 hetervaryl, a substitated or unsubstituted C1 ro C20 alkoxy, a substituted or un«
substicuted C6 to C20 aryloxy, 2 substituted or vasnbstinated C3 1o CAQ silyloxy, & sub-
stituted or unsubstituted C1 1o C20 acyl, a substituted or unsubstitnted C2 [0 C20
alkoxycarbonyl, a substituted or unsubstituted C2 1o C20 acyloxy, a substituted or un-
substituted C2 1o C20 heteroaryloxy, a substituted or unsubstituted C7 to C20 aryloxy-
carbonyl amine, & substituted or unsubstituted C1 to €20 sulfamoyl amine, a sub-
stituted or unsubstituted C1 to C20 svifonyl, 2 substituted or unsubstituted C1 ta C20
alkylthiol, a substituted or unsubstituted C6 to C20 atylthiol. a substituted or Unsub~
stituted C1 to.C20 heteracyclothinl, 2 substituted or unsubstituted C1 ta C20 ueide, a
substitured or unsubstitated C1 ta C20 phosphoric acid amide, and a substituted or un-
sabstituted C3 o CAQ silyl, and

mis1or2.

In the above formula representing the berzimidazole compound according to one

RECTIFIED SHEET (RULE 91) ISA/AT
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embodiment of the present invention, Ar; to Ar, are the same or different and are inde-
pendently selected from the group consisting of a substituted or unsubstituted C6 to
C30 aryl, a substituted or unsubstituted C2 to C30 heteroaryl, a substituted or unsub-
stituted C6 to C30 arylamine, a substituted or unsubstituted C2 to C30 het-
eroarylamine, a substituted or unsubstituted carbazole, and a substituted or unsub-
stituted fluorene.

Preferable examples of the aryl include one selected from the group consisting of a
substituted or unsubstituted phenyl, a substituted or unsubstituted tolyl, a substituted or
unsubstituted naphthyl, a substituted or unsubstituted anthracenyl, a substituted or un-
substituted terphenyl, a substituted or unsubstituted pyrenyl, a substituted or unsub-
stituted diphenylanthracenyl, a substituted or unsubstituted dinaphthylanthracenyl, a
substituted or unsubstituted pentacenyl, a substituted or unsubstituted bromophenyl, a
substituted or unsubstituted hydroxyphenyl, a substituted or unsubstituted stilbene, a
substituted or unsubstituted azobenzenyl, and a substituted or unsubstituted ferrocenyl.
Preferable examples of the heteroaryl include one selected from the group consisting of
a substituted or unsubstituted thienyl and a substituted or unsubstituted pyridyl.

Particularly, when Ar, to Ar, are the same or different and are independently selected
from the group consisting of a substituted or unsubstituted C6 to C30 arylamine and a
substituted or unsubstituted carbazole, the compound has balance between electron and
hole transporting characteristics.

Ar, to Ar, are preferably the same or different and are independently represented by
the following Chemical Formulae 3 to 33.

[Chemical Formula 3] [Chemical Formula 4] [Chemical Formula 5]

o
f \ 7/

N, B R <5>

np nj n4 s

[Chemical Formula 6] [Chemical Formula 7] [Chemical Formula 8]

<R8 ) 9
(—\ 7\\4/// \118 Yg\ (RIO Ry
(R{ 9 g //\; a \\/““/(j

% <R7 )n7 Ro3 Ry

[Chemical Formula 9] [Chemical Formula 10] [Chemical Formula 11]
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* {Rl’?>

. SNy *
(o T
7 T L |

Ny2

|
Riz

[Chemical Formula 12] [Chemical Formula 13] [Chemical Formula 14]

<R19 >n19 (Rm)nzo ( )/@\\_/@*
- 7, T )

O & Nag

(R13)n13 1‘{15 {Rm)nlg <R18>

(R23 N3 (R25> <R27) (R30>n30 ©/—*

Nas na7

[Chemical Formula 18] [Chemical Formula 19] [Chemical Formula 20]

(Ra)

(R32>n32 (Rt ) @/WLOJL Cﬁ *n36
<F@ﬁ e L

N3
[Chemical Formula 21] [Chemical Formula 22] [Chemical Formula 23]

n3s
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(]

L
(Ra3)
Ny;3

0

Sy /
R3g Rao R4z
N Reo) o (Reo) o (Re]
[98] [Chemical Formula 24] [Chemical Formula 25] [Chemical Formula 26]
[99]

[100] [Chemical Formula 27] [Chemical Formula 28] [Chemical Formula 29]

[101] ( ( (Rss)n55 <R56> (R59) (Rﬁ())
Rs, . Rsy . I Ns6 \11/59 X}eo
0 S
\\/ . T /I
P G 9
(Rss>n53<R54)n54 <R58>nss <R61)n61

[102] [Chemical Formula 30] [Chemical Formula 31] [Chemical Formula 32]
[103]
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[Chemical Formula 33]

(R?z)nrz
| AN

—%k

A
o

In the above Chemical Formulae 3 to 33,

R, to Ry are the same or different, and are independently a halogen, a cyano, a
hydroxy, an amino, a nitro, a carboxyl, a substituted or unsubstituted C1 to C30 alkyl,
a substituted or unsubstituted C1 to C20 alkenyl, a substituted or unsubstituted C6 to
C30 aryl, a substituted or unsubstituted C2 to C30 heteroaryl, a substituted or unsub-
stituted C1 to C20 alkoxy, a substituted or unsubstituted C6 to C20 aryloxy, a sub-
stituted or unsubstituted C3 to C40 silyloxy, a substituted or unsubstituted C1 to C20
acyl, a substituted or unsubstituted C2 to C20 alkoxycarbonyl, a substituted or unsub-
stituted C2 to C20 acyloxy, a substituted or unsubstituted C2 to C20 heteroaryloxy, a
substituted or unsubstituted C7 to C20 aryloxycarbonyl amino, a substituted or unsub-
stituted C1 to C20 sulfamoyl amino, a substituted or unsubstituted C1 to C20 sulfonyl,
a substituted or unsubstituted C1 to C20 alkylthiol, a substituted or unsubstituted C6 to
C20 arylthiol, a substituted or unsubstituted C1 to C20 heterocyclothiol, a substituted
or unsubstituted C1 to C20 ureide, a substituted or unsubstituted C1 to C20 phosphoric
acid amide, and a substituted or unsubstituted C3 to C40 silyl,
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[108] Ty, Tg, D, Dy Dygs W21, Dagy N2t Bas, Dy, Dagy Nze Dag, Dz, Ny, My, a0d Der are inde-
pendendy integers ranging ffom 0 to §,

[109] s, N3, D7, Dsy Dy, Br2e Tgs, gy Dog, Tag, Ty, Daty Digy Dag Dazs e, Tl §0 Tiys, My Dgg (0 R, 0
sap 055, V57, N, g,y Dgs, and Terto 0y, ave independenily integers ranging from O w 4,

[110) Dy, Mz, Bis Wig, Dyge oo, Dasy Dty D2, Ty Date Dasy Ose Uty 20d Teg are independently
integers ranging from Q to 3, and

[111] oy and 0z are independently integers rmnging from 0 to 2.

[112} Preferable examples of the benzimidazole compound according to one embodiment
of the present invention include the compounds yepresented by the following Chemical
Formulze 34 to 131.

[113] [Chernical Formula 34) [Chemical Formula 35)

[114]
o

Cr

[115] {Chemical Formula 36] (Chemicul Formula 37]

[116)
~ 2
Q O

oy posde
= N
Q N/ZE'\N ‘T/ = 0 @ g)
O oD G
[117] [Chemical Formula 38] [Chemical Formula 39]

[118] Q

g)ﬁ o o

RECTIFIED SHEET (RULE 91) ISA/AT
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[119] [Chemical Formula 40] [Chemical Formula 41]
11201

[121] [Chemical Formula 42] [Chemical Formula 43}

[122] Q Q
P TN ey

[123)] [Chemical Formnla 44] [Chemical Formula 43]

[124]
= =
S OY oy O
<'5©/

[125] [Chemical Formula 46] [Chemical Formula 47)

[126]
o i
»

RECTIFIED SHEET (RULE 91) ISA/AT
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(127} [Chemical Formula 48] [Chernical Formula 49

(128]
Q
Q/N/ N
@ﬁ% s
ZN

[129] {Chezmical Formula 507 {Chemical Formula 51]

[130] Q
oy
SO We
D (2
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[217]

The benzimidazole compound according to one embodiment can be applicable to a
host material or a charge transporting material for an organic photoelectric device. The
benzimidazole compound may be also used as a nonlinear optical material, an
electrode material, a chromic material, and as materials 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.

When the benzimidazole compound is applied to a hole blocking layer as well as an
electron transport layer (ETL) of a light emitting diode, its hole blocking properties
may be reduced due to a hole transport backbone. Therefore, when the compound is
applied to a hole blocking layer, it is preferable that it does not include a hole transport
backbone. Such a hole transport backbone includes carbazoles, arylamines,
penoxazines, and the like. However, when the compound is required to have electron
transport and hole transport properties, the hole transport backbone introduction may
improve life-span and reduce the driving voltage of a light emitting diode.

In an organic photoelectric device according to another embodiment of the present
invention including an anode, a cathode, and at least one organic thin layer interposed
between the anode and cathode, at least one of the organic thin layers includes the ben-
zimidazole compound. The organic photoelectric device includes an organic light
emitting diode, an organic solar cell, an organic transistor, an organic photo-conductor
drum, an organic memory device, and the like. In particular, the organic photoelectric
device may preferably be an organic light emitting diode.

The benzimidazole compound may be applied to an emission layer of an organic thin
layer. It may also be applied to an organic thin layer selected from the group consisting
of an electron injection layer (EIL), an electron transport layer (ETL), a hole blocking
layer, and combinations thereof.

An organic photoelectric device including an anode, a cathode, and an organic thin
layer between the anode and cathode may include a general device structure including
an anode, an emission layer, and a cathode. The organic thin layer of the organic pho-
toelectric device may further include an inter-layer, a hole transport layer (HTL), and
an electron transport layer (ETL). The inter-layer refers to a buffer layer such as a hole
injection layer (HIL), a hole blocking layer, an electron injection layer (EIL), or an
electron blocking layer.

FIG. 1 is a cross-sectional schematic view of the organic photoelectric device 1
according to one embodiment. FIG. 1 shows an organic photoelectric device including
a substrate 11, an anode 12, a hole transport layer (HTL) 13, an emission layer 14, an
electron transport layer (ETL) 15, and a cathode 16.

Referring to FIG. 1, the organic photoelectric device may be fabricated using the

compound.
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[229]

First, an anode 12 material is coated on an upper side of the substrate 11.

The substrate 11 is a glass substrate or a transparent plastic substrate having excellent
general transparence, face smoothness, handling ease, and water repellency.

The anode 12 material may include transparent and highly conductive indium tin
oxide (ITO), tin oxide (Sn0,), zinc oxide (ZnQO), or so on.

Then, a hole transport layer (HTL) 13 is disposed on the anode 12 using vacuum de-
position, sputtering, or spin coating, and an emission layer 14 is disposed on the hole
transport layer (HTL) 13 using vacuum deposition or a solution coating method such
as spin coating, Inkjet printing, and so on.

An electron transport layer (ETL) 15 is disposed between the emission layer 14 and a
cathode 16.

The emission layer 14, the hole transport layer (HTL) 13, and the electron transport
layer (ETL) 15 may have a predetermined thickness but are not specifically limited.
The emission layer 14 have a thickness of 5 nm to 1 um, and preferably 10 to 500 nm,
and the hole transport layer (HTL) 13 and electron transport layer (ETL) 15 re-
spectively have a thickness of 10 to 10,000 .

The electron transport layer (ETL) 15 is formed using vacuum deposition, sputtering,
or spin coating of generally-used electron transport layer (ETL) 15 materials.

The hole transport layer (HTL) 13 and the electron transport layer (ETL) 15 play
roles of efficiently transporting a carrier to the emission layer 14 to heighten light
emitting recombination in the emission layer 14.

The hole transport layer (HTL) 13 material includes, but is not limited to,
poly(3,4-ethylenedioxy-thiophene) (PEDOT) doped with poly(styrenesulfonic acid)
(PSS), and N,N'-bis(3-methylphenyl)-N,N-diphenyl-[1,1'-biphenyl]-4,4'-diamine
(TPD).

The electron transport layer (ETL) 15 material includes, but is not limited to,
aluminum trihydroxyquinoline (Alqs), a 1,3,4-oxadiazole derivative such as
2-(4-biphenylyl-5-phenyl-1,3,4-oxadiazole (PBD), a quinoxaline derivative such as
1,3,4-tris[(3-phenyl-6-trifluoromethyl)quinoxalin-2-yl] benzene (TPQ), and a triazole
derivative.

The polymer may be mixed with a phosphorescent light emitting organic compound.
The phosphorescent organic compound may be a phosphorescent light emitting organic
metal complex from its triplet state, and is preferably a metal complex of at least one
group D metal ion according to the periodic table of Gregor Johann Mendel. The group
b metal ion includes a metal ion selected from the group consisting of Fe, Co, Ni, Ru,
Rh, Pd, Os, Ir, and Pt, and is preferably Ir or Pt.

Examples of the metal complex may be represented by the following Chemical

Formulae 132 to 134, but are not limited thereto.
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[236] When the organic layer including the organic compound is formed using a solution

coating, another low molecular host material can be included along with the organic
compound. Examples of the low molecular host material include the compounds of the
following Chemical Formulae 135 to 138, but are not limited thereto.

[237] [Chemical Formula 135]
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[239] [Chemical Formula 136]
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[Chemical Formula 137]
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[Chemical Formula 138]

The benzimidazole compound may be used by mixing with polymers having
conjugated double bonds such as fluorine-based polymers, polyphenylenevinylene-
based polymers, and polyparaphenylene-based polymers, and also by mixing with
binder resins.

The binder resins may include polyvinylcarbazole (PVK), polycarbonate, polyester,
polyan arylate, polystyrene, acryl polymers, methacryl polymers, polybutyral,
polyvinylacetal, diallylphthalate polymers, phenol resins, epoxy resins, silicone resins,
polysulfone resins, or urea resins, and these resins can be used singularly and in com-
binations.

Selectively, a hole blocking layer may be disposed using vacuum deposition to limit
transport speed of holes into the emission layer 14 and thus to increase the recom-
bination opportunity of electrons and holes.

A cathode 16 material is coated on the electron transport layer (ETL).

The cathode material may be lithium (Li), magnesium (Mg), calcium (Ca), aluminum
(Al), Al:Li, Ba:Li, or Ca:Li having a small work function.

Mode for the Invention

The following examples illustrate the present invention in more detail. However, it is

understood that the present invention is not limited by these examples.

A person having ordinary skill in this art can sufficiently understand parts of the
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present invention that are not specifically described.

[252] In the following Examples 1 to 6, monomers M-1 to M-9 for preparing a polymer
according to one embodiment of the present invention were respectively prepared as
shown in Reaction Schemes 1 to 9.

[253] Svynthesis Example 1: Synthesis of M-1

[254] [Reaction Scheme 1]

[255] 7N
Br

7—\\ NH> 7 . . ~ B
Acetic acid N. _N
e 'y
NH — lead (V) acetate = _
, " L
Br = Br
M-1

[256] 50 g (189 mmol) of 3,5-dibromobenzaldehyde and 38.3 g (208 mmol) of N-
phenyl-o-phenylenediamine were put in a 500 m¢ round bottom flask, and 200 m{ of

acetic acid was added thereto. The resulting mixture was agitated for 30 minutes at
room temperature, and 100 g (227 mmol) of lead acetate (lead, IV) was added thereto.
The resulting product was agitated for 12 hours at room temperature. When the
reaction was complete, the acetic acid was removed under reduced pressure. The
reactant was dissolved in methylene chloride and washed five times with water. The
organic solution was dried with anhydrous magnesium sulfate to remove the solvent.
Then, the acquired solid was purified with a silica gel column in a methylene chloride
solvent. The resulting product was recrystallized in a mixed solvent of methylene
chloride/hexane in a ratio of 1:6, acquiring 34 g of a solid indicated as M-1 in the
reaction scheme 1 (yield: 42%).

[257] Example 1: Synthesis of M-2

[258] [Reaction Scheme 2]

[259] </7\

8 T
(PPh3)4Pd(0) =

e a TléJ

M-1 ] M-2 @>

[260] 1.0g of M-1 (2.3 mmol), 1.89g of a material A (5.1 mmol), and 0.23 g of tetrakist-
riphenyl phosphine palladium (0.19 mmol) were dissolved in 30 mL of tetrahydrofuran

(THF) under an argon atmosphere in a 100 m{ round bottom flask having a
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[263]

[264]

[265]
[266]

thermometer, a reflux condenser, and an agitator. Then, 15 mL of 20% tetratriethy-
lammonium hydroxide was added thereto. The resulting product was agitated at 75 °C
for 24 hours. When the reaction was complete, the reactant was cooled to room tem-
perature and then extracted several times with methylene chloride and washed with
water. The washed reactant was treated with anhydrous magnesium sulfate to remove
moisture therefrom. The resulting reactant was filtrated to remove the solvent. When
the solvent was removed, the acquired solid was recrystallized with a mixed solvent of
methylene chloride/hexane in a ratio of 1:6, preparing 1.2 g of a white M-2 (yield:
68.4%). This was sublimated and purified to prepare 0.79 g of a white crystal. This
crystal had a maximum light emitting wavelength at 383 nm when it was fabricated
into a thin film. It had an LC-Mass theoretical value of CssHN4[MH]* 753.2940 and a
measurement value of 753.2978.

Example 2: Synthesis of M-3

[Reaction Scheme 3]

Q p%e <Q

Lo @ ‘ /”\\/NTN
7N N ; =~ (PPh3),Pd(0) =
G J\)\/L YOB{} Z/L TEAH/THF N i |

%Q I®
M-1 M-3

1.0 g (2.3 mmol) of M-1, 2.37 g (4.9 mmol) of a material B, and 0.23 g (0.19 mmol)
of tetrakistriphenyl phosphine palladium were dissolved in 30 mL of THF under an
argon atmosphere in a 100 m¢ round bottom flask having a thermometer, a reflux
condenser, and an agitator, and 15 mL of 20% tetratriethylammonium hydroxide was
added thereto. The resulting mixture was agitated at 75 °C for 24 hours. When the
reaction was complete, the reactant was cooled to room temperature and then extracted
several times with methylene chloride and washed with water. Then, the washed
reactant was treated with anhydrous magnesium sulfate to remove moisture and
filtrated to remove the solvent. The resulting product was purified through a silica gel
column with a methylene chloride solvent, preparing 1.78 g of a white M-3 (yield:
78.1%). When it was fabricated into a thin film, it had a maximum light emitting
wavelength at 388 nm. It had an LC-Mass theoretical value of C7HgN4[MH]*
977.5444 and measurement value of 977.5442.

Example 3: Synthesis of M-4
[Reaction Scheme 4]
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/ N ~ = DMSO
h J /I i HN\%L Cu(l)CIIK,CO3
O

[268] 6 g (14 mmol) of M-1, 5.8 g (35 mmol) of carbazole, 1.5 g (15.1 mmol) of copper
chloride, and 6g (43 mmol) of potassium carbonate were dissolved in 100 m{ of
N,N-dimethylsulfoxide (DMSO) under an argon atmosphere in a 250 m¢ round bottom
flask having a thermometer, a reflux condenser, and an agitator. The resulting solution
was agitated at 150 °C for 48 hours and cooled to room temperature. Then, DMSO was
removed therefrom under reduced pressure. The remaining solid was dissolved in
methylene chloride. The solution was washed several times with water to remove
moisture with anhydrous magnesium sulfate. The resulting product was filtrated to
remove the solvent. The acquired solid was purified through a silica gel column with a
methylene chloride solvent, preparing 5.5 g of a white M-4 (yield: 65.4%). When it
was prepared into a thin film, it had a maximum light emitting wavelength at 394 nm.
It had an LC-Mass theoretical value of C;;H,sN.[MH]* 601.2314 and a measurement
value of 601.2384.

[269] Svnthesis Example 2: Synthesis of M-5

[270] [Reaction Scheme 5]

[271]

@N _N (PPhs)4Pd(0) O O
E TEAH/THF Br O N Q

M-5

[272] 3.0 g (7.0 mmol) of M-1, 3.74 g (7.0 mmol) of a material C, and 0.16 g (0.14 mmol)
of tetrakistriphenyl phosphine palladium were dissolved in 50 mL of tetrahydrofuran

(THF) under an argon atmosphere in a 100 m{, round bottom flask having a
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[274]
[275]
[276]

[277]

[278]
[279]
[280]

thermometer, a reflux condenser, and an agitator, and 20 mL of 20% tetratriethy-
lammonium hydroxide was added thereto. The resulting mixture was agitated at 75 °C
for 24 hours.

When the reaction was complete, the reactant was cooled to room temperature and
extracted several times with methylene chloride and washed with water. The washed
reactant was treated with anhydrous magnesium sulfate to remove moisture. The
remaining solid was filtrated to remove the solvent. The resulting product was purified
through a silica gel column with a methylene chloride solvent, acquiring 3.0 g of a
white M-5 (yield: 56.8%).

Example 4: Synthesis of M-6
[Reaction Scheme 6]

I

Z//jN\/,N
,//\ N.__N = /N
= / g \\\ — = o _.N._~
| 0 =~ (PPh3)4Pd(0 = J\/ﬁﬁ - ’
Br = N //\ + B‘@FN M \ //\\N/ ‘V? {‘ﬁ/ﬁ V\s/\/
q L& o = ;7 TEAH/THF %5 N
N NI I
N N s
T * e

M-6
M-5

N/ /

1.0 g (1.3 mmol) of M-5, 0.53 g (1.4 mmol) of a material A, and 0.15 g (0.16 mmol)
of tetrakistriphenyl phosphine palladium were dissolved in 30 mL of THF under an
argon atmosphere in a 100 m¢ round bottom flask having a thermometer, a reflux
condenser, and an agitator, and 15 mL of 20% tetratriethylammonium hydroxide was
added thereto. The resulting mixture was agitated at 75 °C for 24 hours. When the
reaction was complete, the reactant was cooled to room temperature and then extracted
several times with methylene chloride and washed with water. The washed reactant
was treated with anhydrous magnesium sulfate to remove moisture and then filtrated to
remove the solvent. The resulting product was purified through a silica gel column
with a methylene chloride solvent, acquiring 1.0 g of a white M-6 (yield: 82.6%).
When it was fabricated into a thin film, it had a maximum light emitting wavelength at
390 nm. It had an LC-Mass theoretical value of Cs;HsNs[MH]* 918.3518 and a mea-
surement value of 918.3604.

Example S: Synthesis of M-7
[Reaction Scheme 7]
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[281]

[282]
[283]
[284]

[285]

DMSO

Cu(l)CI/K,COs

1.3 g (1.7 mmol) of M-5, 0.57 g (3.4 mmol) of carbazole, 0.08 g (0.86 mmol) of
copper chloride, and 5.46 g (39 mmol) of potassium carbonate were dissolved in 30 m¢
of DMSO under an argon atmosphere in a 250 m{¢ round bottom flask having a
thermometer, a reflux condenser, and an agitator. The solution was agitated at 150 °C
for 48 hours, and then cooled to room temperature and treated under reduced pressure
to remove DMSO. The remaining solid was dissolved in methylene chloride, washed
several times with water, treated with anhydrous magnesium sulfate to remove
moisture, and then filtrated to remove the solvent. The resulting product was purified
through a silica gel column with a methylene chloride solvent, acquiring 0.66 g of a
white M-7 (yield: 45.5%). When it was fabricated into a thin film, it had a maximum
light emitting wavelength at 404 nm. Its LC-Mass theoretical value was C¢ H3Ns [MH]
+842.3205, and the measurement value was 842.3331.

Example 6: Synthesis of M-8

[Reaction Scheme 8]

/ \>

% a0
@ :< (PPh3)4Pd 0)

1.9 g (4.4 mmol) of M-1, 3.44 g (9.3 mmol) of a material D, and 0.4 g (0.34 mmol)
of tetrakistriphenyl phosphine palladium were dissolved in 30 mL of THF under an

/

argon atmosphere in a 100 m¢ round bottom flask having a thermometer, a reflux
condenser, and an agitator, and 15 mL of 20% tetratriethylammonium hydroxide was
added thereto. The solution was agitated at 75 °C for 24 hours. When the reaction was

complete, the reactant was cooled to room temperature and then extracted several
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times with methylene chloride and washed with water. The washed reactant was
treated with anhydrous magnesium sulfate to remove moisture and filtrated to remove
the solvent. The resulting product was treated with a methylene chloride solvent
through a silica gel column, acquiring 1.5 g of a white M-8 (yield: 44.9%). It had an
LC-Mass theoretical value of CssHi N, [MH]* 753.2940 and a measurement value of
753.2949.

Example 7: Synthesis of M-9

[Reaction Scheme 9]

A(ko
g ? o-B
@N N (PPh3)4Pd(0)
_ | + f TEAH/THF
Br S B

M-1 E

2.0 g (4.6 mmol) of M-1, 3.62 g (9.8 mmol) of a material E, and 0.4g (0.34 mmol) of
tetrakistriphenyl phosphine palladium were dissolved in 30 mL of THF under an argon
atmosphere in a 100 m¢ round bottom flask having a thermometer, a reflux condenser,
and an agitator, and 15 mL of 20% tetratriethylammonium hydroxide was added
thereto. The solution was agitated at 75 °C for 24 hours. When the reaction was
complete, the reactant was cooled to room temperature and then extracted several
times with methylene chloride and washed with water. The washed reactant was
treated with anhydrous magnesium sulfate to remove moisture and filtrated to remove
the solvent. The remaining solid was purified with a methylene chloride solvent
through a silica gel column, acquiring 1.6 g of a white M-8 (yield: 47.9%). It had a the-
oretical value of LC-Mass CssHx N4 [MH]* 753.2940 and a measurement value of
753.2980.

Analysis and Characteristic Measurement of Compounds

The compounds (M-2 to M-4 and M-6 to M-9) of Examples 1 to 7 were measured
regarding molecular weight to analyze the structure by using a liquid chromatography-
mass analyzer (LC-MS, liquid chromatograph-mass spectrometry). LC-MS data of the
compound M-6 prepared in Example 4 is shown in FIG. 2.

The compounds (M-2 to M-4 and M-6 to M-9) of Examples 1 to 7 were measured
regarding photoluminescence (PL) wavelength by forming a thin film on a glass
substrate by using a HITACHI F-4500 instrument to measure fluorescence charac-

teristics. FIG. 3 shows the PL. wavelength result of the M-6 according to Example 4.
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[304]

[305]

Referring to FIG. 3, when it was fabricated into a thin film, the M-6 had a maximum

light emitting wavelength at 390 nm.

Fabrication of an Organic Photoelectric Device

Example 8: Device fabrication using a solution process
An ITO substrate was used as an anode. The anode was spin-coated to form

poly(3,4-ethylenedioxy-thiophene) (PEDOT) on the top thereof. Next, an emission
layer 400 was spin-coated on the surface of the PEDOT by doping M-6 of Example 4
as a host and about 13 wt% of Ir(mppy); as a dopant. On the emission layer, BAlq was
vacuum-deposited to be 50 thick to form a hole blocking layer. Then, Alqg; was
vacuum-deposited to be 200 thick on top of the emission layer to form an electron
transport layer (ETL). On the electron transport layer (ETL), 10 LiF and 1000 Al were
sequentially vacuum-deposited to fabricate a cathode. Then, the anode and the cathode
were used to fabricate an organic photoelectric device.

The organic photoelectric device included a 5-layered organic thin layer, and in
particular, it was ITO 1500A PEDOT 600A EML (M-6:Ir(mppy)s) 400A/BAlq
50A/Alqs 200A/LiF 10A/A1 1000A.

Comparative Example 1: Device fabrication using a solution process

According to Comparative Example, a device included ITO 1500A/PEDOT
600A/EML (TCTA:TPBI 1:1, Ir(mppy)s) 400A/BAlq 50A/Alqs 200A/LiF 10A/Al
1000A.

Herein, the emission layer was spin-coated to be 400 thick by doping a mixture of
4,4' 4"-tris(N-carbazolyl)triphenylamine (TCTA) and
2,2'2"-(1,3,5-benzenetriyl)tris(1-phenyl-1H-benzimidazole) (TPBI) prepared in a
weight ratio of 1:1 as a host and about 13 wt% of Ir(mppy); as a dopant.

A device using a solution process was fabricated according to the same method as in
Example 8, except for the above.

Example 9: Device fabrication using a deposition process

An ITO substrate was used as an anode, and a device was fabricated by vacuum-
depositing a layer thereon.

ITO/ DNTPD 600A/NPB 200A/M-4:Ir(ppy)s,7 wt% 300A/ BCP 50A/ Algs 250A/
LiF 10A/ Al 1000A.

The device of Example 9 included a hole transport layer (HTL) formed by vacuum-
depositing 4,4'-bis[N-[4-(N,N-di-m-tolylamino)phenyl]-N-phenylamino]biphenyl
(DNTPD) and N-(1-naphthyl)-N-phenyl-amino]biphenyl (NPB) to be respectively
600A and 200Athick.

In addition, a 50 A thick 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP) was
used to form a hole blocking layer. It also included an emission layer formed to be 300

thick by vacuum-depositing M-4 of Example 3 as a host and about 7 wt% of Ir(ppy)s
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as a dopant.

[306] The device using a deposit process was fabricated in the same method as in Example
8.

[307] Comparative Example 2: Device fabrication using deposition process

[308]  ITO/ DNTPD 600A/NPB 200A/CBP:Ir(ppy)s, 7wt% 300A/CBP 50A/ Algs 250A/
LiF 10A/ Al 1000A.

[309] According to Comparative Example 2, a device including an emission layer was
formed by vacuum-depositing 4,4'-N,N'-dicarbazole-bipheyl (CBP) as a host and 7
wt% of Ir(ppy); as a dopant to be 300 Athick.

[310] The device using a deposition process device was fabricated according the same
method as in Example 9 except for the above.

[311] Performance Measurement of Organic Light Emitting Diodes

[312] The organic light emitting diodes according to Examples 8 to 9 and Comparative
Examples 1 and 2 were measured regarding current density and luminance change
depending on voltage change and luminous efficiency change depending on luminance
change. Specifically, they were measured as follows.

[313] 1) Current density change depending on voltage change

[314] Each organic light emitting diode was measured regarding current value by using a
current-voltage device (Keithley 2400) while its voltage was increased from 0. The
current value was divided by area to calculate current density. The results are provided
in FIGs. 4 and 5.

[315] 2) Luminance change depending on voltage change

[316] The organic light emitting diodes were measured regarding luminance by using a
luminance meter (Minolta Cs-1000A) while its voltage was increased from 0. The
results are provided in FIGs. 6 and 7.

[317] 3) Luminous efficiency measurement depending on luminance change

[318] The organic light emitting diodes were measured regarding luminous efficiency
change depending on luminance change. The results are provided in FIGs. 8 and 9.

[319] Tables 1 and 2 comprehensively show all the results. In particular, Table 1 shows

[320]

performance evaluation results of the solution process devices according to Com-
parative Example 1 and Example 8.
Table 1
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[Table 1]
[Table |

Emission at 1000 cd/m? Thresholdv |Max. luminous ef-

layer Driving |Luminous ef- oltageV,, |ficiency

material voltage |ficiency on

V) (cd/A) |(m/W) [(V) (cd/A)  |[(Im/W)

Comp. |TCTA:TPBI( [9.80 13.90 4.45 4.80 16.50 4.71
Ex.1 [I:1)
Ex.8 [M-6 8.2 21.7 8.3 4.0 22.8 10.4

[321]
[322]

[323]

[324]

[325]

[326]

Referring to Table 1 and FIGs. 4, 6, and 8, a benzimidazole compound according to
one embodiment of the present invention turned out to decrease the driving voltage of
an organic light emitting diode as a host material and improve luminance and ef-
ficiency.

Table 2 shows performance evaluation results of the deposition process devices

according to Comparative Example 2 and Example 9.

Table 2
[Table 2]
[Table |
Emission at 1000 cd/m? Thresholdv |Max. luminous
layer Driving |Luminous ef- oltageV ymo |efficiency
material voltage |ficiency
(V) (cd/A) (Im/w) (V) (cd/A) |(Im/W)
Comp. |[CBP 8.8 17.8 7.6 5 19.7 11.3
Ex. 2
Ex.9 M-4 7.0 354 19.3 3.5 43.5 43.2

Referring to Table 2 and FIGs. 5, 7, and 9, a benzimidazole compound according to
one embodiment of the present invention turned out to decrease the driving voltage of
an organic light emitting diode as a host material and improve luminance and ef-
ficiency.

The present invention is not limited to the embodiments, but can be fabricated with
various modifications andequivalent arrangements included within the spirit and scope
of the appended claims by a person who is ordinarily skilled in this field. Therefore,

the aforementioned embodiments should be understood to be exemplary but not
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limiting the present invention in any way.
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Claims
A benzimidazole compound represented by the following Chemical
Formula 1:

[Chemical Formula 1]

(Arp)y . |
,.;A gt
et
(Ar2)y B -m

wherein, in the above Chemical Formula 1,

AisCorN,

Ar; to Ar, are the same or different and are independently selected from
the group consisting of a substituted or unsubstituted C6 to C30 aryl, a
substituted or unsubstituted C2 to C30 heteroaryl, a substituted or un-
substituted C6 to C30 arylamine, a substituted or unsubstituted C2 to
C30 heteroarylamine, a substituted or unsubstituted carbazole, and a
substituted or unsubstituted fluorene,

x and y are the same or different and are independently integers ranging
from O to 5, provided that 1<x+y<5,

R is hydrogen or a C1 to C7 lower alkyl,

n is an integer ranging from O to 3,

R'is selected from the group consisting of a substituted or unsub-
stituted C1 to C50 alkyl and a substituted or unsubstituted C6 to C50
aryl, and

mis 1 or2.

The benzimidazole compound of claim 1, wherein R' in the above
Chemical Formula 1 is a substituted or unsubstituted C6 to 50 aryl.

The benzimidazole compound of claim 1, wherein the benzimidazole
compound is represented by the following Chemical Formula 2:

[Chemical Formula 2]
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_ 5
Rq Ra
(Arq)y A s 4 A
(<0
7%/ X~ N |

wherein, in the above Chemical Formula 2,

AicCorN,

Ar 10 Ar, are the same or different and ars independently seleated from
the group consisting of o substituted or upsubstituted C6 1o C30 aryl,
substituted or unsubstituted C2 to C30 heleroaryl, a substituted or un-
substituted C6 to C30 arylamins, a substituted or unsubstituted C2 to
€320 beteroarylaming, a substituted or unsubstituted carbazole, and 2
substituted or unsubstitated fluorene,

x and y are the same or different aad are independently integers ranging
from 0 10 3, provided rhal l<x+y<S,

n is an integer ranging from O to 3,

R, to R; are the same or different and are independently selscted from
the group consisting of bydrogen, a halogen, a cyano, a hydroxy, an
mmino, a nitro, 4 carboxyl, 2 substituted or unsubstinited Cl to C30
alkyl, a substituted or unsubstituted C1 to C20 alkenyl, 2 substituted or
upsubstituted C6 to C30) aryl, 2 subsrituted or upsubstituted C2 to C30
heteroaryl, a substituted or unsubstitated C1 to C20 alkoxy, a sub~
stitnted or unsubstituted C6 to C20 aryloxy, a substituted or unsub-
stituted C3 to C40 silyloxy, 2 substituted or unsubstitated C1 to C20
acyl, a substituted or unsubstituted C2 to C20 alkoxycarbonyl, 2 sub-
stituted or unsubslitated C2 to C20 acyloxy, a substituted or unsub-
stituted C2 to C20 hetervaryloxy, a substituted or unsubstituted C7 to
C20) aryloxycarbonyl amino, a substituted or vnsubstituted C} 1o C20
sulfamoy] amino, & substituted or unsubstituted C1 to C20 sulfonyl, a
substitated or unsubstituted C1 to C20 alkyithicl, a substituted or tn-
substitnted €6 to C20 arylthiol, a substined or unsubstituted C1 to
€20 hewrocyclothiol, a substituted or unsubstituted C1 to C20 ureide, =
substituted or unsubstituted C1 to C20 phosphoric acid amide, and a
substituted or nnsubstituted C3 to C40 silyl, and

mislorz.

-

m

RECTIFIED SHEET (RULE 91) ISA/AT
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[Claim 4] The benzimidazole compound of claim 1, wherein Ar; to Ar, are the
same or different and are independently selected from the group
consisting of a substituted or unsubstituted C6 to C30 arylamine and a
substituted or unsubstituted carbazole.

[Claim 5] The benzimidazole compound of claim 1, wherein Ar; to Ar, are the
same or different and are independently selected from the group
consisting of the following Chemical Formulae 3 to 33:

[Chemical Formula 3] [Chemical Formula 4] [Chemical Formula 5]

</’ N ST

e

%1 * =+ / ¢ /)/*
W, //\./7 K/
R R Ry R =
), RS I S

[Chemical Formula 6] [Chemical Formula 7] [Chemical Formula 8]

Re (R

: — % .
7N - ~, 18 ~ Ho *
ji:*\ﬁb Y / e \\/\\ (RIO) (’R11> //A/
AT T s ety 7
\ 1 ( 7) Rn/ \.'\R-,; <\71 N ///)

[Chemical Formula 9] [Chemical Formula 10] [Chemical Formula 11]

(Ron)
A AP,
[ I
) /\//\\;\\. R14); N) /;/:V . ;\\’/”i?/:‘ -
(R“)nn (Ru)nw R15 {Rls)nm (ng)

) s

Nig
L
O

| \ .
o L (Rl

[Chemical Formula 15] [Chemical Formula 16] [Chemical Formula 17]
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5 el //*
<R26> ‘r\ /‘ PN /{‘\ J
(R24> D26 % \V‘ \\‘J’ T .
™ n24/7\ \ji“ <\]}'{2‘)
KoY ‘*}
= N
ST, AN
{ st) , N R T *
o | R25> 25 <R27)1127 B )n30 “\N)

(,}’\35 >n
(}.‘32)nw ( ) r T %
R T t/\/% > /Ny
<R31 ‘}?\;/Q\J/{J * R )— /\7* <R35 )n35

[Chemical Formula 21] [Chemical Formula 22] [Chemical Formula 23]

(,48)
R

<R4s ! R, P /ENJ\I\” 6\\) ® R 17 %

) Nys < 1 el ) //k L * < \>—Si —/\\ j>
{Raq o H/ / N \,U T | -
n44L‘§/ RN A Reg

> N N ) R
1‘374 (R 147 o N4y ( io/nﬁc

(Rﬁﬁ ‘}n L) o
) .

RD\} 51 (552)%2 FARY ) {ﬁ - \R\?{?SQ <R\6\0>>?E0
[Al—H/yjf <:>ﬁ< / L\ /‘\ s o
R J/ — ? N
S - [ /:‘\ XK/"\

\ ) ;i/?i\* ,/4/\&/ TR . L\,‘- |
/ / <R57) * \
(R53 :; ¢R54\| gy (Rss, <R61)
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[Chemical Formula 30] [Chemical Formula 31] [Chemical Formula 32]

C:}%s)n
- // 68
<R65>n65 e ,‘/?7
1 AN
N Reg e N
\—{i * ( )n69 = \%—/\\< X
g@:/ L
>:>"\\ (R;ro)\ﬁf_;‘m _N
{R62> (Rss / BN npl T
— Y A
g2 Ng3 N/_\> (Rés) \\_/\\_(//z ‘\\
<;'_ R = :\//'* p S J Nee \%}‘(’
a YN - \_\
. \ o
. R
I‘{m <R6‘)Hs7 (‘ 71)1171
[Chemical Formula 33]
R
| ?Q)H?z
| RN
—
—
—
L/
[ Res)
N7z

wherein in the above Chemical Formulae 3 to 33,

R, to Ry are the same or different and are independently a halogen, a
cyano, a hydroxy, an amino, a nitro, a carboxyl, a substituted or unsub-
stituted C1 to C30 alkyl, a substituted or unsubstituted C1 to C20
alkenyl, a substituted or unsubstituted C6 to C30 aryl, a substituted or
unsubstituted C2 to C30 heteroaryl, a substituted or unsubstituted C1 to
C20 alkoxy, a substituted or unsubstituted C6 to C20 aryloxy, a sub-
stituted or unsubstituted C3 to C40 silyloxy, a substituted or unsub-
stituted C1 to C20 acyl, a substituted or unsubstituted C2 to C20
alkoxycarbonyl, a substituted or unsubstituted C2 to C20 acyloxy, a
substituted or unsubstituted C2 to C20 heteroaryloxy, a substituted or
unsubstituted C7 to C20 aryloxycarbonyl amino, a substituted or un-
substituted C1 to C20 sulfamoyl amino, a substituted or unsubstituted
C1 to C20 sulfonyl, a substituted or unsubstituted C1 to C20 alkylthiol,
a substituted or unsubstituted C6 to C20 arylthiol, a substituted or un-
substituted C1 to C20 heterocyclothiol, a substituted or unsubstituted
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[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]
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C1 to C20 ureide, a substituted or unsubstituted C1 to C20 phosphoric
acid amide, and a substituted or unsubstituted C3 to C40 silyl,

1y, Ny, N4, Ng, Nyg, Ny, Nog, Npy, Nas, N3g, Nyg, Nyg, Nyg, Ns3, Nso, Ngy, and N, are
independently integers ranging from O to 5,

13, N5, N7, Ng, Ny, N2, N6, oo, N3, Nog, N3g, N3, N33, N3, 37, Ngg, Nag 10 Ngg, N
48> Nso TO N5y, Ny, Nss, Ns7, Neo, N3, Nes, and Ng; tO N3 are independently
integers ranging from 0 to 4,

Ny, Ny3, Nyg, Nig, Njo, Nog, Nos, Nog, N3, N3y, N3g, Nys, Nsg, Nsg, and Neg are  inde-
pendently integers ranging from O to 3, and

n;; and n,, are independently integers ranging from O to 2.

A benzimidazole compound, wherein the benzimidazole compounds
according to one of claim 1 to 5 is applied to a charge transporting
material or a host material for an organic photoelectric device.

An organic photoelectric device comprising an anode, a cathode, and at
least one organic thin layer disposed between the anode and cathode,
wherein at least one organic thin layer comprises the benzimidazole
compound according to one of claims 1 to 5.

The organic photoelectric device of claim 7, wherein the organic thin
layer is an emission layer.

The organic photoelectric device of claim 7, wherein the organic thin
layer is selected from the group consisting of an electron injection layer
(EIL), an electron transport layer (ETL), a hole blocking layer, and
combinations thereof.

A display element comprising the organic photoelectric device

according to claim 7.
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