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EMITTING COMPOUND AND ORGANIC
LIGHT EMITTING DIODE DEVICE USING
THE SAME

[0001] Thepresent application claims the benefit of Korean
Patent Application No. 10-2012-00132888 filed in Korea on
Nov. 22, 2012, which is herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an emitting com-
pound and an organic light emitting diode (OLED) device and
more particularly to an emitting compound having excellent
power efficiency and hole injecting and transporting proper-
ties and an OLED device using the same.

[0004] 2. Discussion of the Related Art

[0005] Recently, requirement for flat panel display devices,
such as a liquid crystal display device and a plasma display
panel, is increased. However, these flat panel display devices
have relatively slow response time and narrow viewing angle
in comparison to the cathode ray tube (CRT).

[0006] An organic light emitting diode (OLED) device is
one of next-generation flat panel display devices being
capable of resolving the above problems and occupying small
area.

[0007] Therelated art inorganic type OLED device requires
a driving voltage higher than 220V, and it is difficult to be a
large size because the inorganic type OLED device should be
fabricated in a vacuum condition. Particularly, it 1s very dif-
ficult to provide high efficiency blue color images.

[0008] To overcome these problems, an organic type OLED
device using organic materials is developed. The OLED
device is self-emitting type display device. The OLED device
emits light by injecting electrons from a cathode as an elec-
tron injection electrode and holes from an anode as a hole
injection electrode into an emission compound layer, com-
bining the electrons with the holes, generating an exciton, and
transiting the exciton from an excited state to a ground state.
Elements of the OLED device can be formed on a flexible
substrate such as a plastic substrate. In addition, the OLED
device has advantages in the viewing angle, the driving volt-
age, the power consumption and the color purity. Moreover,
the OLED device is adequate to produce full-color images.
[0009] The emitting principle may be classified into fluo-
rescent emission and phosphorescent emission. In the fluo-
rescent emission, the organic molecule in the singlet exited
state is transited to the ground state such that light is emitted.
On the other hand, in the phosphorescent emission, the
organic molecule in the triplet exited state is transited to the
ground state such that light is emitted.

[0010] The atoms in the organic material in the OLED
device share electron to form covalent bonds. In this process,
the atomic orbital is transited into the molecular orbital. In the
molecular orbital, the bonding molecular orbital and the anti-
bonding molecular orbital are generated by a pair of orbitals.
In this instance, the band formed by the bonding molecular
orbitals is referred to as a valence band, and the band formed
by the antibonding molecular orbitals is referred to as a con-
duction band. The valence band having a highest energy level
is referred to as a highest occupied molecular orbital
(HOMO), and the conduction band having a lowest energy
level is referred to as a lowest unoccupied molecular orbital
(LUMO). In addition, a difference between the HOMO and
the LUMO is referred to as a band-gap.
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[0011] When the emitting material layer emits light corre-
sponding to an band-gap energy, the singlet exciton having 0
spin and the triplet exciton having 1 spin are generated with a
ratio of 1:3. The ground state of the organic material is the
singlet state such that the singlet exciton can be transited to
the ground state with emitting light. However, since the triplet
exciton can not be transited with emitting light, the internal
quantum efficiency of the OLED device using the fluorescent
material is limited within 25%.

[0012] On the other hand, if the spin-orbital coupling
momentum is high, the singlet state and the triplet state are
mixed such that an inter-system crossing is generated
between the singlet state and the triplet state and the triplet
exciton also can be transited to the ground state with emitting
light. The phosphorescent material can use the triplet exciton
as well as the singlet exciton such that the OLED device using
the phosphorescent material may have 100% internal quan-
tum efficiency.

[0013] Accordingly, the development is focused on the
phosphorescent material having higher efficiency than the
fluorescent material. Recently, iridium complex, e.g., (bis(2-
(2'-benzothienyl)-pyridinato-N,C3"iridium(acetylaceto-
nate)) (Ir(btp),(acac)) as a red phosphorescent material, bis
(2-phenylpyridine) iridium(II) acetylacetonate ((ppy),lr
(acac)) as a green luminescent material, and Iridium (III)
bis[2-2" 4'-difluorophenylpyridinato-N,C2"|picolinate
(FIrpic) as a blue phosphorescent material, is introduced. In
addition, a blue phosphorescent material, e.g., material 4,4,
N,N-dicarbazole-biphenyl (CBP) and N,N-dicarbazole-3,5-
benzene (mCP), as a host is introduced.

[0014] However, the blue emitting material has problems in
the color purity, the luminescent efficiency and the lifetime
resulting from bad thermal stability. As a result, it is not
adequate to the OLED for producing high quality blue
images, and new blue emitting material is required.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention 1s directed to an
emitting compound and an OLED device using the same that
substantially obviate one or more of the problems due to
limitations and disadvantages of the related art.

[0016] An object of the present invention is to provide an
emitting compound having excellent power efficiency and
hole injecting and transporting properties.

[0017] Another object of the present invention is to provide
an OLED having high brightness and improved emitting effi-
ciency.

[0018] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0019] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, the present invention provides
an emitting compound of following formula:
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wherein each of R1 and R2 is independently selected from
C1~C60 alkyl group, C2~C60 alkenyl group, C2~C60 alky-
nyl group, C5~C60 aryl group, C5~C60 heteroaryl group,
C5~C40 aryloxy group, C1~C40 alkyloxy group, C1~C40
alkoxycarbonyl group, substituted or non-substituted amino
group, halogen, cyano group, nitro group, hydroxyl group
and carboxy group, and each of “m” and “n” is an integer of
0 (zero) to 4, wherein “A” is represented by

and each of R3 and R4 is independently selected from
C1~C20 alkyl group, C2~C20 alkenyl group, C2~C20 alky-
nyl group, C1~C20 alkoxy group and a benzyl group, wherein
each of “x” and “y” is an integer of 0 (zero) to 4, wherein “B”
is represented by

S

| P

N

and RS is selected from halogen, C1~C60 alkyl group,
C2~C60 alkenyl group, C2~C60 alkyny! group, a benzyl
group and substituted or non-substituted anthracene, and
wherein “z” is an integer of 0 (zero) to 4.

[0020] In another aspect of the present invention, the
present invention provides an organic light emitting diode
device including a first electrode; a second electrode facing
the first electrode; and an organic emitting layer between the
first and second electrodes and including a compound of
following formula:
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wherein each of R1 and R2 is independently selected from
C1~C60 alkyl group, C2~C60 alkenyl group, C2~C60 alky-
nyl group, C5~C60 aryl group, C5~C60 heteroaryl group,
C5~C40 aryloxy group, C1~C40 alkyloxy group, C1~C40
alkoxycarbonyl group, substituted or non-substituted amino
group, halogen, cyano group, nitro group, hydroxyl group

and carboxy group, and each of “m” and “n” is an integer of
0 (zero) to 4, wherein “A” is represented by

, and each of R3 and R4 is independently selected from
C1~C20 alkyl group, C2~C20 alkenyl group, C2~C20 alky-
nyl group, C1~C20 alkoxy group and a benzyl group, wherein

each of “x” and “y” is an integer of 0 (zero) to 4, wherein “B”
is represented by

and RS is selected from halogen, C1~C60 alkyl group,
C2~C60 alkenyl group, C2~C60 alkynyl group, a benzyl
group and substituted or non-substituted anthracene, and

0

wherein “Z” is an integer of 0 (zero) to 4.

[0021] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0023] FIG. 1 is a schematic cross-sectional view of an
OELD device according to the present invention.

[0024] FIGS. 2 to 4 are graphs showing NMR spectrums of
an emitting compound according to embodiments the present
invention.

[0025] FIG. 5is I-V-L graphs of an emitting diode accord-
ing to the present invention.

[0026] FIG. 61sa graph showing PL spectrums of an emit-
ting diode according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.
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[0028] The present invention provides an emitting com-
pound having improved emitting efficiency and excellent
hole transporting property and an OLED device using the
emitting compound.

[0029] As mentioned above, the related art blue emitting
compound has disadvantages in emitting properties and the
lifetime. The present invention provides an emitting com-
pound has improved emitting properties and efficiency. The
emitting compound of the present invention can be used fora
host of an emitting material layer for emitting blue light. In
addition, since the emitting compound has an excellent hole
injection and transporting property, the compound can be
used as a hole injection layer and/or a hole transporting layer.

[0030] The emitting compound of the present invention
includes three ring substituents, i.e., two carbazoles and one
pyridine such that a steric hindrance effect between substitu-
ents is maximized. As a result, the emitting compound of the
present invention has advantages in the emitting property and
the hole injecting and transporting properties.

[0031] The emitting compound of the present invention is
represented by following Formula 1.

[Formula 1]
Ry
A
B SN |
7
T |
AN
A

[0032] Inthe above Formula 1, each of R1 and R2 is inde-
pendently selected from C1~C60 alkyl group, C2~C60 alk-
enyl group, C2~C60 alkynyl group, C5~C60 aryl group,
C5~C60 heteroaryl group, C5~C40 aryloxy group, C1~C40
alkyloxy group, C1~C40 alkoxycarbonyl group, substituted
or non-substituted amino group, halogen, cyano group, nitro
group, hydroxyl group and carboxy group. R1 and R2 is same
or different. In the above Formula 1, “m” and “n” respectively
mean a number of the substituent, i.e., R1 and R2, for the
phenyl ring, and each of “m” and “n” is an integer of O (zero)
to 4.

[0033] Inthe above Formula 1, “A” is a carbzole derivative
represented by
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Bach of R3 and R4 is independently selected from C1~C20
alkyl group, C2~C20 alkenyl group, C2~C20 alkynyl group,
C1~C20 alkoxy group and a benzyl group. In this instance,
the benzyl group may be substituted by C1~C20 alkyl. In
addition, “x” and “y” respectively mean a number of the
substituent, i.e., R3 and R4, for the phenyl ring of carbazole,

and each of “x” and “y” is an integer of 0 (zero) to 4.

[0034] In the Formula 1, “B” is a pyridine derivative rep-
resented by

x

| e

A

N

RS is selected from halogen, C1~C60 alkyl group, C2~C60
alkenyl group, C2~C60 alkynyl group, a benzyl group and
substituted or non-substituted anthracene. In this instance, the
benzyl group may be substituted by C1~C60 alkyl. In addi-

tion, “z” means a number of the substituent, i.e., R3, for the
pyridine ring, and “z” is an integer of O (zero) to 4.

[0035] For example, each of R1 and R2 is independently
selected from an aliphatic group, e.g., C1~C10 alkyl,
C2~C20 alkenyl and C2~C20 alkynyl, an aryl group or a
heteroaryl group. In this instance, each of the aryl group and
the heteroaryl group may have 5~10 atoms forming the ring.
In addition, each of “m” and “n” is an integer of O (zero) or 1.

[0036] RS is selected from C1~C10 alkyl and benzyl sub-
stituted by C1~C10 alkyl. Beneficially, RS is selected from
C1~C5 alkyl and benzyl substituted by C1~C5 alkyl. In addi-

<00

tion, “z” is an integer of 1.

[0037] The emitting compound of the present invention
may be one of following Formula 2.

[Formula 2]
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-continued

[0038] Namely, the emitting compound of the present
invention includes two phenyl rings, one pyridine ring and
two carbazole rings. The two carbazole rings are linked with
the two phenyl rings by an ether linkage (—O—). Since the
carbazole rings are indirectly linked with the phenyl rings, the
steric hindrance effect between the carbazole ring and the
phenyl ring is maximized. As a result, the OLED device using
the emitting compound has decreased driving voltage and
increased lifetime.

[0039] The emitting properties of the emitting compound
may be controlled by the density of nitrogen atom. Since the
emitting compound of the present invention includes one
pyridine ring and two carbazole rings, each of which has
nitrogen atom, the density of nitrogen atom in the emitting
compound is increased such that the emitting compound can
emit excellent blue light.

[0040] In addition, since the carbazole ring is linked with
the phenyl ring by the ether linkage, the emitting compound
of the present invention has high thermal stability and excel-
lentholeinjecting and transporting property. For example, the
emitting compound of the present invention has high glass
temperature, e.g., above 175° C., and broad band-gap energy.
Accordingly, the emitting compound of the present invention
can be used as a host in the emitting material layer instead of
CBP or mCP which are widely used as the blue emitting host
material. The emitting compound may form the emitting
material layer with a dopant or another host. In this instance,

May 22, 2014

the emitting properties and the lifetime of the OLED device
using the emitting compound of the present invention are
improved.

[0041] Moreover, the emitting compound of the present
invention includes the carbazole ring having excellent hole
injecting and transporting properties. The carbazole ring is
linked with the phenyl ring by oxygen atom having excellent
electron affinity. As a result, the emitting compound has
advantages in electron mobility and electron stability. In addi-
tion, the emitting compound has broad band-gap energy, the
emitting compound may be used as another layer in an
organic emitting layer of the OLED device for transporting
the hole and the electron into the emitting material layer. For
example, the emitting compound of the present invention can
be used the hole injecting layer, the hole transporting layer,
the electron transporting layer and the electron injecting layer
as well as the emitting material layer.

[0042] On the other hand, since the emitting compound of
the present invention includes substituents, e.g., alkyl, alkoxy
and halogen, the emitting compound has a chemical compat-
ibility and is capable of being dissolved in general organic
solvents. For example, due to the alkyl substituent for the
phenyl ring, the carbazole ring and the pyridine ring, the
dissolution and the chemical compatibility with the organic
solvents are improved. As a result, the layer of the emitting
compound of the present invention has an improved interface
property with an electrode of the OLED device.

[0043] Furthermore, due to the substituents of the carba-
zole ring, it is further easier to form a polymer type emitting
compound such that a polymer OLED device can be fabri-
cated. In other words, the emitting compound is represented
to include monomolecular type carbazole and pyridine. How-
ever, the emitting compound can be synthesized as a polymer
type using the carbazole. When the emitting compound is
used as the polymer OLED device, the emitting efficiency is
improved. In addition, since the emitting compound is coated
by a printing method, e.g, a spin-coating method, an ink jet
method, a screen printing method and a gravure printing
method, instead of a vacuum thermal deposition method fora
low molecular material, the fabricating process is simplified
and the production costs are reduced. In addition, since the
polymer OLED device has sufficient efficiency with the hole
transporting layer and the emitting material layer, the poly-
mer OLED has a simple structure and a thin profile.

[0044] Referring to FIG. 1, which is a schematic cross-
sectional view of an OLED device according to the present
invention, the OLED device 100 includes a transparent sub-
strate (not shown), a first electrode 120 over the transparent
substrate, a second electrode 122 over the first electrode 120
and an organic emitting layer 130 between the first and sec-
ond electrodes 120 and 122.

[0045] The first and second electrodes 120 and 122 respec-
tively serve as anode and cathode. The first electrode 120 as
the anode is formed of a material having a higher work func-
tion than a material of the second electrode 122 as the cath-
ode. The first electrode 120 has properties of efficiently
injecting holes as a positive-charged carrier. In addition, the
first electrode 120 may be transparent and have good conduc-
tivity. The first electrode 120 is formed of metals, mixed
metals, metal alloys, mixed metal oxides or conductive poly-
mers. The first electrode 120 may be formed of metal, metal
oxide, conductive polymer or ceramic. For example, the first
electrode 120 may be formed of one of vanadium, copper,
gold, their alloys, indium-tin-oxide (ITO), indium-zinc-oxide
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(1Z0), fluorine-doped tin oxide (FTO), Zn0O—Ga,0;,
Zn0—Al,0;, SnO,—Sb, 0, polypyrrole, polyaniline, poly-
thiophene, carbon black, and graphene. Beneficially, the first
electrode 120 may be formed of ITO.

[0046] On the other hand, the second electrode 122 on the
organic emitting layer 130 has properties of efficiently inject-
ing electrons as a negative-charged carrier. For example, the
second electrode 122 may be formed of one of gold, alumi-
num (Al), copper, silver, their alloys, Al-calcium alloy, mag-
nesium-silver alloy, Al-lithium alloy, Al-lithiumoxide alloy,
rear-earth metals, lanthanide metals, actinide metals. Benefi-
cially, the second electrode 122 may be formed of Al or
Al-calcium alloy. A passivation layer (not shown) may be
formed on the second electrode 120.

[0047] Each of the first and second electrodes 120 and 122
may be formed by a vacuum deposition method. For example,
the first electrode 120 may be formed by the vacuum deposi-
tion method to have about 5 to 400 um.

[0048] To increase an emitting efficiency, the organic emit-
ting layer 130 may have a multi-layered structure. For
example, the organic emitting layer 130 may include a hole
injecting layer (HIL) 132, a hole transporting layer (HTL)
134, the emitting material layer (EML) 135, the electron
transporting layer (ETL) 136 and the electron injecting layer
(EIL) 138. In this instance, the compound of the present
invention can be used for at least one of the EML 135 as a
host, the HIL, 132, the HTL 134, the ETL. 136 and the EIL. 138.
[0049] For example, the EML 135 may be formed of the
emitting compound of the present invention by a vacuum
deposition method or a solution type coating method. For
example, the solution type coating method may be a spin-
coating method, a deep-coating method or an ink jet printing
method.

[0050] An interfacial property between the first electrode
120 of ITO and the HTL 134 of an organic material is
improved by the HIL 132 between the first electrode 120 and
the HTL 134. In addition, a surface of the uneven ITO layer is
planarized by the HIL 132. The emitting compound of the
present invention can be used as the HIL 132. Alternatively,
the HIL 132 may be formed of one of aromatic amines, such
as copper phthlalocyanine (CuPc), N N'-dinaphthyl-N,N'-
phenyl-(1,1"-biphenyl)-4,4'-diamine, NPD), 4,4'4"-tris[me-
thylphenyl(phenyl)amino]triphenyl amine (m-MTDATA),
4,4' A"-tris| 1 -naphthyl(phenyl)amino]triphenyl amine
(I-TNATA), 4.,4'.4"-tris[2-naphthyl(phenyl)amino]triphenyl
amine (2-TNATA), and 1,3,5-tris|N-(4-diphenylaminophe-
nyl)phenylamino]benzene (p-DPA-TDAB), 4,4'-bis[N-[4-
{N,N-bis(3-methylphenyl)amino }phenyl]-N-phenylamino]
biphenyl (DNTPD), hexaazatriphenylene-hexacarbonitirile
(HAT-CN) and poly(34-ethylenedioxythiophene)-poly
(styrnesulfonate) (PEDOT). The HIL 132 may have a thick-
ness of about 10 to 300 A.

[0051] To securely provide the holes from the first electrode
120 to the EML 135 through the HIL 132, the HTL 134 is
formed of a material having highest occupied molecular
orbital (HOMO) value higher than the EML 135. The emit-
ting compound of the present invention can be used as the
HTL 134. Alternatively, the HTL 134 may be formed of one
of a low molecular hole transporting material, e.g., N,N'-bis
(3-methylphenyl)-N.N'-diphenyl-[ 1,1'-diphenyl-4,4'-di-
amine (TPD), N,N'-bis(1-naphthyl)-N,N'-biphenyl-[1,1'-bi-
phenyl]-4,4'-diamine (TPB), N.N"-bis-(1-naphyl)-N,N"-
diphenyl-1,1"-bipheny!-4,4"-diamine (NPB),
triphenylamine (TPA), bis[4-(N,N-diethylamino)-2-meth-
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viphenyl] (4-methylphenyl)methane (MPMP), N.N',N'-tet-
rakis(4-methylphenyl)-(1,1'-biphenyl)-4,4-diamine (TTB),
and N,N'-bis(4-methylphenyl)-N,N'-bis(4-ethylphenyl)-[1,
1'-(3,3'-dimethyl)biphenyl]-4,4'-diamine (E TPD), and a high
molecular hole transporting material, e.g., polyvinylcarba-
zole, polyaniline and (polymethyl)polysilane. For example,
the HTL 134 may be formed of NPB and have a thickness of
about 10 to 100 nm.

[0052] The EML 135 on the HTL includes the emitting
compound of the present invention. For example, the emitting
compound of the present invention may be used as a host in
the EML 135. In this instance, a dopant, e.g., Flrpic, may be
doped with a weight % of about 10 to 30 of the EML 135. The
EML 135 has a thickness of about 5 to 200 nm, beneficially 50
to 100 nm.

[0053] On the other hand, when the emitting compound of
the present invention is used for other layer, e.g., the HTL
134, the EML 135 is formed of to include another emitting
material as a host. For example, CBP or mCP may be used as
the host.

[0054] The EIL 138 and ETL 136 are formed between the
EML 135 and the second electrode 122. The emitting com-
pound of the present invention can be used as the EIL 138.
Alternatively, the EIL 138 may be formed of one of LiF, BaF,
and CsF.

[0055] In addition, the ETL 136 is formed of a material
having a relatively high electron mobility. The emitting com-
pound of the present invention is used for the ETL 136.
Alternatively, the ETL 136 may be formed of one of tris(8-
hydroxyquinolinato)aluminum  (Alg3), 9-dimethyl-4,7-
diphenyl-1,10-phenanthroline (DDPA), 2-(4-bipheny1)-5-(4-
tert-butyl)-1,3,4-oxadizole (PBD), 3-(4-biphenyl)-4-phenyl-
5-(4-tert-butyl)-1,2,4-triazole (TAZ) and phenylquinozaline.
The ETL 136 may have a thickness of about 5 to 150 nm.
[0056] Although not shown, a hole blocking layer (HBL) of
a material having a relatively low HOMO level may be
formed between the EML 135 and the ETL 136 to prevent
reducing the lifetime and the emitting efficiency by the holes
to the second electrode 122. For example, the HBL may be
formed of one of 2,9-dimethyl-4,7-diphenyl-1,10-phenan-
throline (BCP) and have a thickness of about 5 to 150 nm.
[0057] Hereinafter, synthesis of the emitting compound of
the present invention is explained. However, the synthesis of
the emitting compound of the present invention is not limited

thereto.

[0058] 1. Synthesis of

\
G ‘
N
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\N
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(Compound 7)
[0059]

4-bromophenol

1) Compound 1

[Reaction Formula 1]

Oy O
HO O

[0060] 4-bromophenol (1 eq) was dissolved in THF solvent
(20L). In -78° C., n-BuLi (1.5 eq) was added and stirred. In
alow temperature condition, 9-H-fluorene-9-one (1.5 eq) was
gradually added and refluxed for 12 hrs. The solution was
further stirred with gradually increasing the temperature and
extracted using methylenechloride solvent (20 ml). 9-H-fluo-
rene-9-quinone (compound 1) was obtained by chromatogra-

phy.
[0061] 2) Compound 3
[Reaction Formula 2]
R R
N X
> oL —» P cl
N N
[¢] O
2 3
[0062] Picolinic acid (R—H, compound 2, 25 g) was dis-

solved in benzene (200 m1). SOCI, (10 ml) was added at0° C.,
and the solution was refluxed for 12 hrs. The resulting solu-
tion was extracted using methylenechloride to obtain picoli-
noyl acid (the compound 3). (6.7 g, yield: 60%)

[0063] 3) Compound 4
[Reaction Formula 3]
R R
A X
R ——
P Cl P OPh
N N
3 4
[0064] The compound 3 was dissolved in methylenechlo-

ride (20 ml) under Ar gas condition, and triethylamine (18 ml)
was injected at 0° C. Then, the solution was stirred for 3 hrs
under the room temperature. The resulting solution was
extracted using water and methylenechloride, and water (or
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moisture) was removed using Na,SO,. The compound 4 was
obtained using methylenechloride/hexane solvent. (yield:
50%)

[0065] 4) Compound 5a
R [Reaction Formula 4]
\
| —
z OPh
N
0
4
R OH
A
Vi
N
6]
5a
R
x
F
N
6] OH
Sb
[0066] Thecompound4 (10g)with AICI, (21 g) was stirred

for 4 hrs under a temperature of 160° C. The resultant was
extracted using 3N HCl and methylenechloride (200 ml), and
moisture was removed using Na,SO,. The isomer com-
pounds 5a and 5b are obtained by chromatography column
using hexane and ethylacetate (7:3).

[0067] 5) Compound 6
ol [Reaction Formula 5]
| X
Va _—
N
0
Sa
OH
X
Va
N
OH
6
[0068] The compound Sa was dissolved in methanol (30

ml). NaBH, (2.5 g) was added at 0° C. and stirred for 3 hrs
under the room temperature. The solution was neutralized by
AcOH (50 ml), and MeOH was removed. The compound 6
was obtained using H,O (30 ml) and methylenechloride (150
ml).
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[0069] 6) Compound 7
[Reaction Formula 6]
R OH
\(I‘/@/
Va
N
(0]
6
R
x
Va
N
7
[0070] The compound 6 (4-hyroxyphenyl)(pyridine-2-yl)

methanol) and the compound 1 was mixed with a ratio of 1:2.
H,PO, solution (85%, 20 ml) was gradually injected at 0° C.
Solvent was injected and stirred for 2 hrs with increasing the
temperature to the room temperature. The solution was
heated for 2 hrs under 200° C. and cooled to 15° C. The
solution was neutralized using NaOH solution (30%, 20 ml)
and re-crystallized using ethylacetate to obtain the compound
7. The NMR spectrum of the compound 7 is shown in FIG. 2.

[0071] 2. Synthesis of

May 22, 2014

(Compound 8)

[0072] The compound 8 was obtained by the above synthe-
sis with R=ethyl. The NMR spectrum of the compound 8 is
shown in FIG. 3.

[0073]

3. Synthesis of

" /D
(Compound 9)

[0074] The compound 9 was obtained by the above synthe-
sis with R=ethylbenzene. The NMR spectrum of the com-
pound 9 is shown in FIG. 4.

Example 1

Emitting Diode with the Compound 7

[0075] An ITO plate (2 cm*2 cm, sheet resistance=30%2,
thickness=1.08 mm, light transmittance=80%) is prepared,
and a portion of the ITO plate is removed using an etchant.
The ITO plate is washed in the ultrasonic cleaner using in an
order of MeOH, acetone and isopropylalcohol (IPA) for 15
minutes to each cleaning solution and further washed using
ionic-water. Then, the ITO plate is dried by annealing under
230° C. for 30 minutes. The compound 1 is dissolved in
tetrachloroethane solvent, and the solution is coated on the
ITOplate. An aluminum (Al) electrode is formed on the layer
of the compound 7 by a thermal deposition process in a
vacuum deposition apparatus such that an emitting diode
(ITO/compound 7/Al) is fabricated. By applying voltages to
the ITO plate and the Al electrode, the properties of the
emitting diode using the compound 7 are tested.

Example 2

Emitting Diode with the Compound 8

[0076] By applying voltages to the ITO plate and the Al
electrode, the properties of the emitting diode using the com-
pound 8, which is fabricated by process in the Example 1 with
the compound 8 instead of the compound 7, are tested.
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Example 3

Emitting Diode with the Compound 9

[0077] By applying voltages to the ITO plate and the Al
electrode, the properties of the emitting diode using the com-
pound 9, which is fabricated by process in the Example 1 with
the compound 8 instead of the compound 7, are tested.

Comparative Example 1

Emitting Diode with CBP

[0078] By applying voltages to the ITO plate and the Al
electrode, the properties of the emitting diode using CBP,
which is fabricated by process in the Example 1 with CBP
instead of the compound 7, are tested.

[0079] The tested properties of Examples 1 to 3 and Com-
parative Example 1 are listed in Table 1, and I-V-L graphs in
the emitting diode of Examples 1 to 3 and Comparative
Example 1 are shown in FIG. 5.

TABLE 1
Emitting
Current density Driving efficiency
[mA/cm?] voltage [V] [cd/A]
Ex. 1 Compound 7 10 5.2 5.4
Ex. 2 Compound 8 10 5.1 5.1
Ex.3 Compound 9 10 4.8 5.7
Com. 1 CBP 10 6.3 45
Example 4

Emitting Diode with the Compound 7 and Flrpic

[0080] By applying voltages to the ITO plate and the Al
electrode, the properties of the emitting diode using the com-
pound 9, which is fabricated by process in the Example 1 with
Flrpic (compound 7:FIrpic=90:10), are tested. (ITO/(com-
pound 7:Flrpic)/Al)

Example 5

Emitting Diode with the Compound 8 and Flrpic

[0081] By applying voltages to the ITO plate and the Al
electrode, the properties of the emitting diode using the com-
pound 8, which is fabricated by process in the Example 1 with
Flrpic (compound 8:FIrpic=90:10), are tested. (ITO/(com-
pound 8:Flrpic)/Al)

Exaniple 6

Emitting Diode with the Compound 9 and Flrpic

[0082] By applying voltages to the ITO plate and the Al
electrode, the properties of the emitting diode using the com-
pound 9, which is fabricated by process in the Example 1 with
Flrpic (compound 9:Flrpic=90:10), are tested. (ITO/(com-
pound 9:Flrpic)/Al)

Comparative Example 2

Emitting Diode with CBP and Flrpic

[0083] By applying voltages to the ITO plate and the Al
electrode, the properties of the emitting diode using CBP,
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which is fabricated by process in the Example 1 with Flrpic
(CBP:Flrpic=90:10), are tested. (ITO/(CBP:Flrpic)/Al)

[0084] The tested properties of Examples 4 to 6 and Com-
parative Example 2 are listed in Table 2.

TABLE 2

current

Current density ~ Driving efficiency

[mA/em?] voltage [V] [ed/A]
Ex. 4 Compound 7: Flrpic 10 4.8 5.7
Ex. 5 Compound 8: Flrpic 10 4.6 5.5
Ex. 6 Compound 9: Flrpic 10 4.4 5.8
Com.2 CBP: Flrpic 10 33 5.2

[0085] ReferringtoTable 1, Table2 and FIG. 5, the emitting
diode using the emitting compound of the present invention
has advantages in the emitting efficiency and the driving
voltage in comparison to the emitting diode using CBP. As a
result, the OLED device (or the emitting diode) using the
emitting compound of the present invention can provide high
quality images without thermal degradation and with
improved lifetime.

[0086] PL (photoluminescence) spectrums in the emitting
diode of Examples 4 to 6 and Comparative Example 2 are
shown in FIG. 6. As shown in FIG. 6, the emitting compound
of the present invention has a main peak in a blue wave region
and has advantages in brightness in comparison to the related
art compound CBP.

[0087] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An emitting compound of following formula:

(Rl)m
AN
B AN
7
R, |
=
A

wherein each of R1 and R2 is independently selected from
C1~C60 alkyl group, C2~C60 alkenyl group, C2~C60
alkynyl group, C5~C60 aryl group, C5~C60 heteroaryl
group, C5~C40 aryloxy group, C1~C40 alkyloxy group,
C1~C40 alkoxycarbonyl group, substituted or non-sub-
stituted amino group, halogen, cyano group, nitro group,
hydroxyl group and carboxy group, and each of “m” and

[IFt

'n” is an integer of 0 (zero) to 4,
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wherein “A” is represented by

Z—O—

(Rs)c
NP

/|\ //\

and each of R3 and R4 is independently selected from
C1~C20 alkyl group, C2~C20 alkenyl group, C2~C20 alky-
nyl group, C1~C20 alkoxy group and a benzyl group, wherein

[t} [t}

each of “x” and “y” is an integer of 0 (zero) to 4,

wherein “B” is represented by

x

| /— Rs)z

N

and RS is selected from halogen, C1~C60 alkyl group,
C2~C60 alkenyl group, C2~C60 alkynyl group, a benzyl
group and substituted or non-substituted anthracene, and

[

wherein “z” is an integer of 0 (zero) to 4.

2. The compound according to claim 1, wherein the RS is
C1~C10 alkyl or benzene substituted by C1~C10 alkyl, and
the “z” is 1.

3. The compound according to claim 1, wherein the com-
pound is one of followings:
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-continued

4. An organic light emitting diode device, comprising:

a first electrode;

a second electrode facing the first electrode; and

an organic emitting layer between the first and second
electrodes and including a compound of following for-
mula:

R)m
A
Y
=
®a), |
AN
A

wherein each of R1 and R2 is independently selected from
C1~C60 alkyl group, C2~C60 alkenyl group, C2~C60
alkynyl group, C5~C60 aryl group, C5~C60 heteroaryl
group, C5~C40 aryloxy group, C1~C40 alkyloxy group,
C1~C40 alkoxycarbonyl group, substituted or non-sub-
stituted amino group, halogen, cyano group, nitro group,
hydroxyl group and carboxy group, and each of “m” and

[IFt

'n” is an integer of 0 (zero) to 4,
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g

, and

wherein “A” is represented by -continued

0]
|
N,

R3)e
NP

/l\ //\

and each of R3 and R4 is independently selected from
C1~C20 alkyl group, C2~C20 alkenyl group, C2~C20 alky-
nyl group, C1~C20 alkoxy group and a benzyl group, wherein

each of “x” and “y” is an integer of 0 (zero) to 4,
wherein “B” is represented by

x

| /— Rs)z

N

and RS is selected from halogen, C1~C60 alkyl group,
C2~C60 alkenyl group, C2~C60 alkynyl group, a benzyl
group and substituted or non-substituted anthracene, and
wherein “z” is an integer of 0 (zero) to 4.

5. The device according to claim 4, wherein the RS is
C1~C10 alkyl or benzene substituted by C1~C10 alkyl, and
the “z” is 1.

6. The device according to claim 4, wherein the compound
is one of followings:

X
a
N

0]
7. The device according to claim 4, wherein the organic
emitting layer includes a hole injecting layer, a hole trans-
o porting layer, an emitting material layer, an electron trans-
Ny porting layer and an electron injecting layer, and the com-
O pound is used as a material of at least one of the hole injecting
layer, the hole transporting layer, the emitting material layer,
O the electron transporting layer and the electron injecting
layer.
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