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RED PHOSHORESCENT COMPOUND AND
ORGANIC ELECTROLUMINESCENT
DEVICE USING THE SAME

RELATED APPLICATIONS

[0001] The present application claims the benefit of Korean
Patent Application No. 10-2008-0120419 filed in Korea on
Dec. 1, 2008, which is hereby incorporated by reference in its
entirety.

BACKGROUND
[0002] 1. Field of the Disclosure
[0003] The present disclosure relates to a red phosphores-

cent compound and an organic electroluminescent device
(OELD) and more particularly to a red phosphorescent com-
pound having high color purity and high luminescent effi-
ciency and an OELD using the red phosphorescent com-
pound.

[0004] 2. Discussion of the Related Art

[0005] Recently, the demand for a flat panel display device
having a relatively large display area and a relatively small
occupancy has increased. Among the flat panel display
devices, an OELD has various advantages as compared to an
inorganic electroluminescent device, a liquid crystal display
device, a plasma display panel, and so on. The OELD device
has excellent characteristics with respect to view angle, con-
trast ratio and so on. Also, since the OELD device does not
require a backlight assembly, the OELD device has low
weight and low power consumption. Moreover, the OELD
device has advantages of a high response rate, a low produc-
tion cost and so on.

[0006] In general, the OELD emits light by injecting elec-
trons from a cathode and holes from an anode into an emis-
sion compound layer, combining the electrons with the holes,
generating an exciton, and transforming the exciton from an
excited state to a ground state. A flexible substrate, for
example, a plastic substrate, can be used as a base substrate
where elements are formed. The OELD has excellent charac-
teristics of a view angel, a contrast ratio and so on. Also, since
the OELD does not require a backlight assembly, the OELD
has low weight and low power consumption. Moreover, the
OELD has advantages of a high response rate, a low produc-
tion cost, a high color purity and so on. The OELD can be
operated ata voltage (e.g., 10V or below) lower than a voltage
required to operate other display devices. In addition, the
OELD is adequate to produce full-color images.

[0007] A general method for fabricating OELDs will be
briefly explained below. First, an anode is formed on a sub-
strate by depositing a transparent conductive compound, for
example, indium-tin-oxide (ITO). Next, a hole injection layer
(HIL) is formed on the anode. For example, the HIL. may be
formed of copper phthalocyanine (CuPC) and have a thick-
ness of about 10 nm to about 30 nm. Next, a hole transporting
layer (HTL) is formed on the HIL. For example, the HTL may
be formed of 4,4'-bis[N-(1-naphtyl)-N-phenylamino]-biphe-
nyl (NPB) and have a thickness of about 30 nm to about 60
nm. Next, an emitting compound layer (EML) is formed on
the HTL. A dopant may be doped onto the EML. In a phos-
phorescent type, the EML may be formed of 4,4'-N,N'-dicar-
baxole-biphenyl (CBP) and have a thickness of about 30 nm
to about 60 nm, and the dopant may includes one of iridium
complex represented by following Formulas 1-1 to 1-3.
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[Formula 1-1]

[Formula [-2]

[Formula 1-3]

[0008] Next, an electron transporting layer (ETL) and an
electron injection layer (EIL) are stacked on the EML. For
example, the ETL may be formed of tris(8-hydroxy-quino-
late)aluminum (Alq3). A cathode is formed on the EIL, and a
passivation layer is formed on the cathode.

[0009] Inthe above structure, the EML produces red, green
and blue colors such that the OELD can display full-color
images. In an emitting compound, an exciton is generated by
combining the electrons from a cathode and holes from an
anode. The exciton includes a singlet exciton and a triplet
exciton. The singlet exciton participates in a fluorescent type
emission, while the triplet exciton participates in a phospho-
rescent type emission. The singlet exciton has a formation
probability of about 25%, while the triplet exciton has a
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formation probability of about 75%. Accordingly, the phos-
phorescent type emission has luminescence efficiency greater
than the fluorescent type emission.

[0010] In the phosphorescent compound, since a red phos-
phorescent compound has excellent luminescence efficiency
as compared to a red fluorescent compound, the red phospho-
rescent compound has been widely developed and researched
to improve an emission efficiency of the OELD. The phos-
phorescent compound is required to have high luminescence
efficiency, high color purity, long life span, and so on. Par-
ticularly, as shown in FIG. 1, as the color purity of an OELD
using a red phosphorescent material becomes higher (i.e. as
the X index on CIE chromaticity coordinates increase), the
relative spectral sensitivity of images from the OELD
decreases. Accordingly, it is difficult to achieve high lumi-
nance efficiency of the OELD.

SUMMARY

[0011] A red phosphorescent compound includes a host
material being capable of transporting an electron or a hole;
and a dopant material represented by following Formula 1:

[Formula 1]
C 0] C
Ir/ >, wherein the ( > is one of
Nt o N
2
R3
R2 R4
RI
RI
_ F N/
Z N |
| N
x
and R2 R4,
R3

and each of R1 to R4 is one of the group consisting of
hydrogen atom (H), C1 to C6 substituted or non-substituted
alkyl group, C1 to C6 substituted or non-substituted alkoxy
group, and halogen atom.

[0012] In another aspect, a red phosphorescent compound
includes a host material being capable of transporting an
electron or a hole; and a dopant material represented by
following Formula 1:

[Formula 1]

C O C
Ir/ ) ,  wherein the C > is
NT, Yo N
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-continued
Ry
Ry
\ N
Ry /
R4 Rs,
Rs

and R1 is one of C1 to C6 substituted or non-substituted alkyl
group and C1 to C6 substituted or non-substituted alkoxy
group, each of R2 to R6 is one of hydrogen atom (H), C1to C6
substituted or non-substituted alkyl group, C1 to C6 substi-
tuted or non-substituted alkoxy group, halogen atom, trim-
ethylsily group and tert-trifluoromethyl, and at least one of
the R2 to R6 is one of C1 to C6 substituted or non-substituted
alkyl group, C1 to C6 substituted or non-substituted alkoxy
group, halogen atom, trimethylsily group and tert-trifluorom-
ethyl.

[0013] In another aspect, an organic electroluminescent
device includes a first substrate;

[0014] a thin film transistor on the first substrate; a second
substrate facing the first substrate; and an organic lumines-
cent diode electrically connected to the thin film transistor
and including a first electrode, a second electrode facing the
first electrode and an organic emission layer disposed
between the first and second electrodes, a red phosphorescent
compound of the organic emission layer including a host
material being capable of transporting an electron or a hole;
and a dopant material represented by following Formula 1:

[Formula 1]
C O C
Ir/ ), wherein the C > is one of
NT, o N
R3
R2 R4
Rl
Rl
_ Z N/
/ N |
| N
x
and R2 R4,
R3

and each of R1 to R4 is one of the group consisting of
hydrogen atom (H), C1 to C6 substituted or non-substituted
alkyl group, C1 to C6 substituted or non-substituted alkoxy
group, and halogen atom.
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[0015] In another aspect, an organic electroluminescent
device includes a first substrate; a thin film transistor on the
first substrate; a second substrate facing the first substrate;
and an organic luminescent diode electrically connected to
the thin film transistor and including a first electrode, a second
electrode facing the first electrode and an organic emission
layer disposed between the first and second electrodes, a red
phosphorescent compound of the organic emission layer
including: a host material being capable of transporting an
electron or a hole; and a dopant material represented by
following Formula 1:

C O C
Ir< ) ,  wherein the C > is
N1, (6} N

[Formula 1]

Ry
Ry
N
R Z
Ry Rg,
Rs

and R1 is one of C1 to C6 substituted or non-substituted alkyl
group and C1 to C6 substituted or non-substituted alkoxy
group, each of R2to R6 is one ofhydrogen atom (H), C1 to C6
substituted or non-substituted alkyl group, C1 to C6 substi-
tuted or non-substituted alkoxy group, halogen atom, trim-
ethylsily group and tert-trifluoromethyl, and at least one of
the R2 to R6 is one of C1 to C6 substituted or non-substituted
alkyl group, C1 to C6 substituted or non-substituted alkoxy
group, halogen atom, trimethylsily group and tert-trifftuorom-
ethyl.

[0016] Itistobeunderstood 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

[0017] 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.
[0018] FIG.1isagraph showing a relation of a color purity
and a visible degree; and

[0019] FIG. 2 is a schematic cross-sectional view of an
OELD according to the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS
[0020] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.
First Embodiment

[0021] A red phosphorescent compound according to the
first embodiment of the present invention includes a methyl
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group. Namely, in the red phosphorescent compound of the
first embodiment of the present invention, a fourth position of
a phenylquinoline ligand of an iridium (Ir) complex is sub-
stituted by the methyl group to improve a steric hindrance
effect of the ligand. A quench effect by a molecules interac-
tion is prevented due to improved steric hindrance effect such
that the red phosphorescent compound has high luminescent
efficiency and high color purity. The red phosphorescent
compound is represented by following Formula 2.

C h/o>
N, Yo

[formula 2]

[0022] In the above Formula 2,
R3
C
C N s R R4,
RI
Z N/
AN

and each of R1 to R4 is selected from the group consisting of
hydrogen atom (H), C1 to C6 substituted or non-substituted
alkyl group, C1 to C6 substituted or non-substituted alkoxy
group, and halogen atom. For example, the halogen atom
includes fluorine (F), chlorine (Cl) and bromine (Br). The C1
to C6 alkyl group includes methyl, ethyl, n-propyl, i-propyl,
n-butyl, i-butyl and t-butyl. The C1 to C6 alkoxy group
includes methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy,
i-butoxy and t-butoxy.

[0023] In addition, in the above formula 2,

/O>
o

as a right side structure of central iridium (Ir) is selected from
the following Formulas 3-1 to 3-8. The structures of the
Formulas 3-1 to 3-8 are 2,4-ppentanedione, 2,2,6,6-tetram-
ethylheptane-3,5-dione, 1,3-propanedione, 1,3-butanedione,
3,5-heptanedione, 1,1,1-trifluoro-2,4-pentanedione, 1,1,1,5,
5,5-hexafluoro-2,4-pentanedione and 2,2-dimethyl-3,5-hex-
anedione, respectively.

[Formula 3-1]
(0] [0}

PN
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4
-continued
[Formula 3-2]
%ULK
[Formula 3-3]
U
[Formula 3-4]
O (6]
[Formula 3-5]
\)(T\)L/
[Formula 3-6] <
O 0]
)K/u>< F
F F
[Formula 3-7]
O 0]
F F F F

[0024] For example, the red phosphorescent compound
represented by Formula 2 is selected from the following For-
mula 4.

[Formula 4]
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-continued

— L .

9% /

% / AN\ % /
|

S

(-
Ir/ /
\

I

\

[Formula 3-8] O O
Q Q O=— O=—
W < I/ < I/
N/ \N_/
Z N2 0 7 N2 0
\ \

(-
Ir/ /
\

Z >~ O

\
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Synthesis

[0025] A synthesis example of the red phosphorescent
compound represented by

in the Formula 4 is explained. The red phosphorescent com-
pound is iridium(I1l)bis{2-(3,5-dimethyl)-4-methylquino-

|
line-N,C?}(2,4-pentanedionate-0,0).
[0026] 1. Synthesis of2-(3,5-dimethyl)-4-methylquinoline
[0027] 2-(3,5-dimethyl)-4-methylquinoline is synthesized
by following Reaction Formula 1.

O O— [Reaction Formnla 1]
Ir/ Cl
\ _/
Z > 0 Pd(PPhy),
| KCOs
N * THF, 5,0

HO OH

\
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-continued

A\

%
o

[0028] 1-naphtyl boric acid (12 mmol), 2-chloro-4-meth-
ylquinoline (10 mmol), tetrakis(triphenylphosphine)palla-
dium(0) (0.5 mmol) and potassium carbonate (30 mmol) are
put in a two-neck round-bottom flask and dissolved in tet-
rahydrofuran (THF) (60 mL) and distilled water (20 mL).
Subsequently, the resulting solution is stirred in a bath under
a temperature of about 100° C. for 6 hours. After completion
of the reaction, THF are removed. The reaction mixture is
extracted with dichloromethane and water, and then being
distilled under reduced pressure. The resulting residence is
filtered by silica gel column and distilled under reduced pres-
sure again. Next, by re-crystallizing and filtering with dichlo-
romethane and petroleum ether, 2-(3,5-dimethyl)-4-meth-
ylquinoline is yielded.

[0029] 2. Synthesis of chloro-bridged Ir dimmer complex
[0030] Chloro-bridged Ir dimmer complex is synthesized
by following Reaction Formula 2.

[Reaction Formnla 2]

I(IHCLnH,0

_—
2-ethoxyethanol
H,0

[0031]
ethyl)-4-methylquinoline (12 mmol) is put in a mixed solvent
(40 mL), where a ratio of 2-ethoxyethanol to distilled water is
3:1. The mixture is refluxed for 24 hours, and water is added
thereto. The resulting solid is filtered and washed by metha-
nol and petroleum ether to yield chloro-bridged Ir dimmer
complex.

Iridium (III) chloride (5 mmol) and 2-(3,5-dim-
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[0032] 3. Synthesis of iridium(I1T) bis{2-(3,5-dimethyl)-4-
methylquinoline-N,C? }(2,4-pentanedionate-0,0)
[0033] Iridium(IIT) bis{2-(3,5-dimethyl)-4-methylquino-

line-N,C*}(2,4-pentanedionate-0,0) is synthesized by fol-
lowing Reaction Formula 3.

Na,CO3
2-ethoxyethanol

[0034] Chloro-bridged Ir dimmer complex (2 mmol), 2,4-
pentanedione (6 mmol) and sodium carbonate (Na,CO;) (6
mmol) is put in 2-ethoxyethanol (30 mL), and is refluxed for
8 hours. The resulted mixture is cooled to aroom temperature,
and then distilled water is added thereto. The mixture is
filtered. The resulted solid is dissolved in dichloromethane,
and then is filtered by silica gel column. After dichlo-
romethane is removed by being distilled under reduced pres-
sure to obtain re-crystallized solid, the compound is yield by
washing the re-crystallized solid using methanol and petro-
leum ether.

[0035] Hereinafter, a detailed description will be made of
preferred examples associated with the OELD according to
the present invention. More specifically, the examples relate
to an OELD including an emission material layer which uses
the red phosphorescent compound of Formula 2 as a dopant.

EXAMPLES
Example 1

[0036] An indium-tin-oxide (ITO) layer is patterned on a
substrate and washed such that an emission area of the ITO
layer is 3 mm*3 mm. The substrate is loaded in a vacuum
chamber, and the process pressure is adjusted to 1*107° ton.
CuPC (about 200 angstroms), 4,4'-bis|N-(1-naphtyl)-N-phe-
nylamino]-biphenyl (NPD) (about 400 angstroms), an emit-
ting layer (about 200 angstroms) including aluminum(III)
bis(2-methyl-8-quinolinato)-4-phenylphenolate (BAlq) and
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in the above Formular 4 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), fluorolithium (LiF) (about 5 ang-
stroms) and aluminum (Al) (about 1000 angstroms) are
sequentially formed on the ITO layer such that an OELD is
fabricated.

[0037] The OELD produces a brightness of 1682 cd/m? at
an electric current of 0.9 mA and a voltage of 6.2 V. At this
time, the X index and Y index of CIE color coordinates are
0.641 and 0.357, respectively.

Example 2

[0038] AnITOlayer is patterned on a substrate and washed
such that an emission area of the ITO layer is 3 mm*3 mm.
The substrate is loaded in a vacuum chamber, and the process
pressure is adjusted to 1*107° ton. CuPC (about 200 ang-
stroms), NPD (about 400 angstroms), an emitting layer
(about 200 angstroms) including BAlq and

in the above Formula 4 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), LiF (about 5 angstroms) and Al (about
1000 angstroms) are sequentially formed on the ITO layer
such that an OELD is fabricated.

[0039] The OELD produces a brightness of 1850 cd/m? at
an electric current of 0.9 mA and a voltage of 6.0 V. At this
time, the X index and Y index of CIE color coordinates are
0.642 and 0.357, respectively.

Example 3

[0040] AnITOlayer is patterned on a substrate and washed
such that an emission area of the ITO layer is 3 mm*3 mm.
The substrate is loaded in a vacuum chamber, and the process
pressure is adjusted to 1¥107° torr. CuPC (about 200 ang-
stroms), NPD (about 400 angstroms), an emitting layer
(about 200 angstroms) including BAlq and
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in the above Formula 4 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), LiF (about 5 angstroms) and Al (about
1000 angstroms) are sequentially formed on the ITO layer
such that an OELD is fabricated.

[0041] The OELD produces a brightness of 1947 cd/m> at
an electric current of 0.9 mA and a voltage of 5.9 V. At this
time, the X index and Y index of CIE color coordinates are
0.644 and 0.354, respectively.

Example 4

[0042] AnITO layeris patterned on a substrate and washed
such that an emission area of the ITO layer is 3 mm*3 mm.
The substrate is loaded in a vacuum chamber, and the process
pressure is adjusted to 1*1075 ton. CuPC (about 200 ang-
stroms), NPD (about 400 angstroms), an emitting layer
(about 200 angstroms) including BAlq and

in the above Formula 4 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), LiF (about 5 angstroms) and Al (about
1000 angstroms) are sequentially formed on the ITO layer
such that an OELD is fabricated.

[0043] The OELD produces a brightness of 2243 cd/m” at
an electric current of 0.9 mA and a voltage of 5.8 V. At this
time, the X index and Y index of CIE color coordinates are
0.644 and 0.353, respectively.

Comparative Example 1

[0044] AnITO layer is patterned on a substrate and washed
such that an emission area of the ITO layer is 3 mm*3 mm.
The substrate is loaded in a vacuum chamber, and the process
pressure is adjusted to 1*107° torr. CuPC (about 200 ang-
stroms), NPD (about 400 angstroms), an emitting layer
(about 200 angstroms) including BAlq and (btp),Ir(acac) rep-
resented by following Formula 5-5 as a dopant (about 7
weight %), Alg3 (about 300 angstroms), LiF (about 5 ang-
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stroms) and Al (about 1000 angstroms) are sequentially
formed on the ITO layer such that an OELD is fabricated.
[0045] The OELD produces a brightness of 780 cd/m? at an
electric current of 0.9 mA and a voltage of 5.7 V. At this time,
the X index and Y index of CIE color coordinates are 0.659
and 0.329, respectively.

[0046] Herein, CuPC, NPD, BAlq, Alq3 and (btp),Ir(acac)
are represented by following Formulas 5-1 to 5-5, respec-
tively.

[Formula 5-1]
/< g /E ;
NF= T i
| \ N Cu N
(L)
N /N =N
[Formula 5-2]

O
N

[Formula 5-3]

O
Z,

~3}/

N
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-continued

[Formula 5-4]

[Formula 5-5]

[0047] BAlqasahostisused for an emission material layer.
However, the emission material layer may be formed of other
materials. For example, Al metallic complex, zinc (Zn) metal-
lic complex or CBP may be used for the emission material
layer. CBP is a carbazole derivatives, such as 4-4'-N—N'-
dicarbazole-1-1'-biphenyl, and represented by the above For-
mula 6. For example, the dopant is added into a host material
by about 0.1 to 50 weight % with respect to a total weight of
the emitting layer.

[Formula 6]

[0048] A ligand ofthe Al metallic complex or the Zn metal-
lic complex may be selected from quinolinyl, biphenynyl,
isoquinolinyl, phenylnyl, methylquinolinyl, dimethylquino-
linyl, and dimethyl isoquinolinyl.

[0049] The OELD fabricated in Examples 1 to 4 and Com-
parative Example 1 is evaluated for efficiency, brightness, and
soon. A voltage has a dimension of [V], an electric current has
a dimension of [mA], a brightness has a dimension of [cd/
m?2], a current efficiency has a dimension of [cd/A], a power
efficiency has a dimension of [Im/W], an internal quantum
efficiency has a dimension of [%]. The evaluated results are
shown in Table 1.
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TABLE 1
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Internal

Electric Current Power quantum

voltage current Brightness efficiency efficiency efficiency CIE (X) CIE (Y)

0.641 0.357
0.642 0.357
0.644 0.354
0.644 0.353
0.659 0.329

Ex. 1 6.2 0.9 1682 16.82 8.5 16
Ex.2 6.0 0.9 1850 18.50 9.7 17
Ex. 3 5.9 0.9 1947 19.47 1.4 19
Ex. 4 5.8 0.9 2243 22.43 12.1 20
Com. 7.5 0.9 780 7.80 3.3 10
Ex. 1

[0050] As shown in Table 1, the OELD in Examples 1 to 4
has high color purity and high internal quantum efficiency.
Accordingly, the OELD according to the present invention
has improved luminescence efficiency. As a result, when the
red phosphorescent compound of the present invention as a
dopant for an emission material layer of an OELD, the OELD
has high color purity, high brightness and high luminescence
efficiency. The OELD can be driven by arelatively low power,
power consumption can be reduced.

Second Embodiment

[0051] A red phosphorescent compound according to the
second embodiment of the present invention includes a
methyl group. Namely, in the red phosphorescent compound
of the second embodiment of the present invention, a fourth
position of a phenylquinoline ligand of an iridium (Ir) com-
plex is substituted by the methyl group to improve a steric
hindrance effect of the ligand. A quench effect by a molecules
interaction is prevented due to improved steric hindrance
effect such that the red phosphorescent compound has high
luminescent efficiency and high color purity. The red phos-
phorescent compound is represented by following Formula 7.

<D

[0052] In the above Formula 7,

[Formula 7]

Rl / /

—

C
( > is R2 R4,
N

R3

and each of R1 to R4 is selected from the group consisting of
hydrogen atom (H), C1 to C6 substituted or non-substituted
alkyl group, C1 to C6 substituted or non-substituted alkoxy
group, and halogen atom. For example, the halogen atom
includes fluorine (F), chlorine (Cl) and bromine (Br). The C1

to C6 alkyl group includes methyl, ethyl, n-propyl, i-propyl,
n-butyl, i-butyl and t-butyl. The C1 to C6 alkoxy group
includes methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy,
i-butoxy and t-butoxy.

[0053] In addition, in the above formula 7,

/O>
o

as a right side structure of central iridium (Ir) is selected from
the above Formulas 3-1 to 3-8. The structures of the above
Formulas 3-1 to 3-8 are 2,4-ppentanedione, 2,2,6,6-tetram-
ethylheptane-3,5-dione, 1,3-propanedione, 1,3-butanedione,
3,5-heptanedione, 1,1,1-trifluoro-2,4-pentanedione, 1,1,1,5,
5,5-hexafluoro-2,4-pentanedione and 2,2-dimethyl-3,5-hex-
anedione, respectively.

[0054] For example, the red phosphorescent compound
represented by Formula 7 is selected from the following For-
mula 8.

Formula 8

JCINSS

O=— O=—
< Ir/ / < Ir/ /
\ \
/ |I\I £ (6] / |I\] 2 O

x x
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Synthesis

[0055] A synthesis example of the red phosphorescent
compound represented by

in the Formula 8 is explained. The red phosphorescent com-
pound is  iridium(III)bis{2-(3,5-dimethyl)-4,7-dimeth-
ylquinoline-N,C*}(2,4-pentanedionate-0,0).

[0056] 1. Synthesis of 2-(3,5-dimethyl)-4,7-dimeth-
ylquinoline

[0057] 2-(3,5-dimethyl)-4,7-dimethylquinoline is synthe-
sized by following Reaction Formula 4.

[Reaction Formula 4]
Cl
/ N
| +

AN

Pd(PPhs)s O
K>CO;3
—_—
THF, H,0
B 7z N
HO/ \OH |
\

[0058] 3,5-dimethylphenyl boric acid (12 mmol), 2-chloro-
4,7-dimethylquinoline (10 mmol), tetrakis(triphenylphos-
phine)palladium(0) (0.5 mmol) and potassium carbonate (30
mmol) are put in a two-neck round-bottom flask and dis-
solved in tetrahydrofuran (THF) (60 mL) and distilled water
(20 mL). Subsequently, the resulting solution is stirred in a
bath under a temperature of about 100° C. for 6 hours. After
completion of the reaction, THF are removed. The reaction
mixture is extracted with dichloromethane and water, and
then being distilled under reduced pressure. The resulting
residence is filtered by silica gel column and distilled under
reduced pressure again. Next, by re-crystallizing and filtering
with dichloromethane and petroleum ether, 2-(3,5-dimethyl)-
4,7-dimethylquinoline is yielded.
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[0059]

[0060] Chloro-bridged Ir dimmer complex is synthesized
by following Reaction Formula 5.

2. Synthesis of chloro-bridged Ir dimmer complex

[Reaction Formula 5]

L(IIHClsnH,0

—_—
2-ethoxyethanol
H,0

[0061]
ethyl)-4,7-dimethylquinoline (12 mmol) is put in a mixed
solvent (40 mL), where a ratio of 2-ethoxyethanol to distilled
water is 3:1. The mixture is refluxed for 24 hours, and water
is added thereto. The resulting solid is filtered and washed by
methanol and petroleum ether to yield chloro-bridged Ir dim-
mer complex.

Iridium (III) chloride (5 mmol) and 2-(3,5-dim-

[0062] 3. Synthesis of iridium(III) bis{2-(3,5-dimethyl)-4,
7-dimethylquinoline-N,C* }(2,4-pentanedionate-0,0)

[0063] Iridium(II])bis{2-(3,5-dimethyl)-4,7-dimeth-
ylquinoline-N,C}(2,4-pentanedionate-0,0) is synthesized
by following Reaction Formula 6.

Na,CO;
2-ethoxyethanol
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[0064] Chloro-bridged Ir dimmer complex (2 mmol), 2,4-
pentanedione (6 mmol) and sodium carbonate (Na,CO,) (6
mmol) is put in 2-ethoxyethanol (30 mL), and is refluxed for
8 hours. The resulted mixture is cooled to aroom temperature,
and then distilled water is added thereto. The mixture is
filtered. The resulted solid is dissolved in dichloromethane,
and then is filtered by silica gel column. After dichlo-
romethane is removed by being distilled under reduced pres-
sure to obtain re-crystallized solid, the compound is yield by
washing the re-crystallized solid using methanol and petro-
leum ether.

[0065] Hereinafter, a detailed description will be made of
preferred examples associated with the OELD according to
the present invention. More specifically, the examples relate
to an OELD including an emission material layer which uses
the red phosphorescent compound of Formula 7 as a dopant.

EXAMPLES
Example 5

[0066] An indium-tin-oxide (ITO) layer is patterned on a
substrate and washed such that an emission area of the ITO
layer is 3 mm*3 mm. The substrate is loaded in a vacuum
chamber, and the process pressure is adjusted to 1¥107° ton.
CuPC (about 200 angstroms), 4,4'-bis| N-(1-naphtyl)-N-phe-
nylamino]-biphenyl (NPD) (about 400 angstroms), an emit-
ting layer (about 200 angstroms) including aluminum(I1I)bis
(2-methyl-8-quinolinato)-4-phenylphenolate (BAlq) and

in the above Formular 8 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), fluorolithium (LiF) (about 5 ang-
stroms) and aluminum (Al) (about 1000 angstroms) are
sequentially formed on the ITO layer such that an OELD is
fabricated.

[0067] The OELD produces a brightness of 1843 cd/m? at
an electric current of 0.9 mA and a voltage of 6.0 V. At this
time, the X index and Y index of CIE color coordinates are
0.650 and 0.345, respectively.

Example 6

[0068] An indium-tin-oxide (ITO) layer is patterned on a
substrate and washed such that an emission area of the ITO
layer is 3 mm*3 mm. The substrate is loaded in a vacuum
chamber, and the process pressure is adjusted to 1¥107° torr.
CuPC (about 200 angstroms), NPD (about 400 angstroms),
an emitting layer (about 200 angstroms) including BAlq and
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in the above Formular 8 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), fluorolithium (LiF) (about 5 ang-
stroms) and aluminum (Al) (about 1000 angstroms) are
sequentially formed on the ITO layer such that an OELD is
fabricated.

[0069] The OELD produces a brightness of 1872 c¢d/m? at
an electric current of 0.9 mA and a voltage of 6.2 V. At this
time, the X index and Y index of CIE color coordinates are
0.649 and 0.348, respectively.

Example 7

[0070] An indium-tin-oxide (ITO) layer is patterned on a
substrate and washed such that an emission area of the ITO
layer is 3 mm*3 mm. The substrate is loaded in a vacuum
chamber, and the process pressure is adjusted to 1¥107° ton.
CuPC (about 200 angstroms), NPD (about 400 angstroms),
an emitting layer (about 200 angstroms) including BAlq and

(L -
Ir
/Nz\o/

in the above Formular 8 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), fluorolithium (LiF) (about 5 ang-
stroms) and aluminum (Al) (about 1000 angstroms) are
sequentially formed on the ITO layer such that an OELD is
fabricated.

[0071] The OELD produces a brightness of 2092 cd/m? at
an electric current of 0.9 mA and a voltage of 5.8 V. At this
time, the X index and Y index of CIE color coordinates are
0.655 and 0.339, respectively.

Example 8

[0072] An indium-tin-oxide (ITO) layer is patterned on a
substrate and washed such that an emission area of the ITO
layer is 3 mm*3 mm. The substrate is loaded in a vacuum
chamber, and the process pressure is adjusted to 1¥107° ton.
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CuPC (about 200 angstroms), NPD (about 400 angstroms),
an emitting layer (about 200 angstroms) including BAlq and

(I
Ir/ /
7 ] Y

in the above Formular 8 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), fluorolithium (LiF) (about 5 ang-
stroms) and aluminum (Al) (about 1000 angstroms) are
sequentially formed on the ITO layer such that an OELD is
fabricated.

[0073] The OELD produces a brightness of 2054 cd/m? at
an electric current of 0.9 mA and a voltage of 5.8 V. At this

time, the X index and Y index of CIE color coordinates are
0.656 and 0.337, respectively.

Comparative Example 2

[0074] AnITO layeris patterned on a substrate and washed
such that an emission area of the ITO layer is 3 mm*3 mm.
The substrate is loaded in a vacuum chamber, and the process
pressure is adjusted to 1*107° ton. CuPC (about 200 ang-
stroms), NPD (about 400 angstroms), an emitting layer
(about 200 angstroms) including BAlq and (btp),Ir(acac) rep-
resented by following Formula 5-5 as a dopant (about 7
weight %), Alg3 (about 300 angstroms), LiF (about 5 ang-
stroms) and Al (about 1000 angstroms) are sequentially
formed on the ITO layer such that an OELD is fabricated.

[0075] The OELD produces a brightness of 780 cd/m? at an
electric current of 0.9 mA and a voltage of 5.7 V. At this time,
the X index and Y index of CIE color coordinates are 0.659
and 0.329, respectively.

[0076] As mentioned above, BAlq as a host is used for an
emission material layer. However, the emission material layer
may be formed of other materials. For example, Al metallic
complex, zinc (Zn) metallic complex or CBP may be used for
the emission material layer. CBP is a carbazole derivatives,
such as 4-4'-N—N'-dicarbazole-1-1'-biphenyl, and repre-
sented by the above Formula 6. For example, the dopant is
added into a host material by about 0.1 to 50 weight %.

[0077] In addition, a ligand of the Al metallic complex or
the Zn metallic complex may be selected from quinolinyl,
biphenynyl, isoquinolinyl, phenylnyl, methylquinolinyl,
dimethylquinolinyl, and dimethyl isoquinolinyl.

[0078] The OELD fabricated in Examples 5 to 8 and Com-
parative Example 2 is evaluated for efficiency, brightness, and
soon. A voltage has a dimension of [V], an electric current has
a dimension of [mA], a brightness has a dimension of [cd/
m2], a current efficiency has a dimension of [cd/A], a power
efficiency has a dimension of [Im/W], and an internal quan-
tum efficiency has a dimension of [%]. The evaluated results
are shown in Table 2.
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TABLE 2
Internal
Electric Current Power quantum
voltage current Brightness efficiency efficiency efficiency CIE (X) CIE (Y)

Ex. 1 6.0 0.9 1843 18.43 9.6 17 0.650  0.345
Ex.2 6.2 0.9 1872 18.72 9.5 17 0.649 0.348
Ex. 3 5.8 0.9 2092 20.92 11.3 21 0.655 0.339
Ex. 4 5.8 0.9 2054 20.54 11.1 20 0.656  0.337
Com. 7.5 0.9 780 7.80 3.3 10 0.659  0.329
Ex. 1

[0079] As shown in Table 2, the OELD in Examples 5 to 8
has high color purity and high internal quantum efficiency.
Accordingly, the OELD according to the present invention
has improved luminescence efficiency. As a result, when the
red phosphorescent compound of the present invention as a
dopant for an emission material layer of an OELD, the OELD
has high color purity, high brightness and high luminescence
efficiency. The OELD can be driven by arelatively low power,
power consumption can be reduced.

Third Embodiment

[0080] A red phosphorescent compound according to the
third embodiment of the present invention includes a cyclo-
hexyl group. Namely, in the red phosphorescent compound of
the third embodiment of the present invention, a second posi-
tion of a phenylquinoline ligand of an iridium (Ir) complex is
substituted by the cyclohexyl group to improve luminance
efficiency and color purity. In addition, the phenylquinoline
ligand of the IR complex is substituted by at least one selected
from alkyl group, alkoxy group, halogen atom, trimethylsily
group and tert-trifluoromethyl group to further improve lumi-
nance efficiency and color purity. The red phosphorescent
compound is represented by following Formula 9.

(F<D

In the above Formula 9,

[Formula 9]

[0081]

C\
CN/

and R1 is selected from C1 to C6 substituted or non-substi-
tuted alkyl group and C1 to C6 substituted or non-substituted

alkoxy group. Each of R2 to R6 is selected from hydrogen
atom (H), C1 to C6 substituted or non-substituted alkyl group,
C1 to C6 substituted or non-substituted alkoxy group, halo-
gen atom, trimethylsily group and tert-trifluoromethyl. In
addition, at least one of the R2 to R6 is selected from C1 to C6
substituted or non-substituted alkyl group, C1 to C6 substi-
tuted or non-substituted alkoxy group, halogen atom, trim-
ethylsily group and tert-trifluoromethyl.

[0082] For example, the halogen atom includes fluorine
(F), chlorine (Cl), bromine (Br) and iodine (I). The C1 to C6
alkyl group includes methyl, ethyl, n-propyl, i-propyl, n-bu-
tyl, i-butyl and t-butyl. The C1 to C6 alkoxy group includes
methoxy, ethoxy, n-propoxy, i-propoxy, n-butoxy, i-butoxy
and t-butoxy.

[0083] In addition, in the above formula 9,

/O)
\O

as a right side structure of central iridium (Ir) is selected from
the following Formulas 3-1 to 3-8. The structures of the above
Formulas 3-1 to 3-8 are 2,4-ppentanedione, 2,2,6,6-tetram-
ethylheptane-3,5-dione, 1,3-propanedione, 1,3-butanedione,
3,5-heptanedione, 1,1,1-trifluoro-2,4-pentanedione, 1,1,1,5,
5,5-hexafluoro-2,4-pentanedione and 2,2-dimethyl-3,5-hex-
anedione, respectively.

[0084] For example, the red phosphorescent compound
represented by Formula 9 is selected from the following For-
mula 10.

[Formula 10]
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Synthesis

[0085] A synthesis example of the red phosphorescent
compound represented by

Ir/o
e

F

in the Formula 10 is explained. The red phosphorescent com-
pound is iridium(I11)bis{2-(3"-methylcyclohexenyl)-6-meth-
ylquinoline-N,C?}(2,4-pentanedionate-0,0).

[0086] 1. Synthesis of 2-(3'-methylcyclohexanol)-6-meth-
ylquinoline

[0087] 2-(3'-methylcyclohexanol)-6-methylquinoline  is
synthesized by following Reaction Formula 7.

[Reaction Formula 7]
Cl
0}
Ny
2.5 Mn-BuLi
————
= + Ether
OH
Ny
/

[0088] 2-chloro-6-methyl quinoline (5 g, 0.03 mol) and
diethylether (50 mL) are put in a two-neck round-bottom flask
and stirred. After the resulting solution is cooled using a dry
ice bath to about -78° C., 2.5M n-BulLi (12 mL, 0.03 mol) is
dropped and stirred under a temperature of about 0° C. for 1
hour. Then, after the solution is cooled again using a dry ice
bath to about -78° C., 3-methylcyclohexanone (5 g, 0.045
mol) is dropped and stirred under a room temperature for 6
hours. Next, 2N—HCI (50mL) is added and stirred. Then, the
resulting solution is extracted with methylenechloride, and
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then being distilled under reduced pressure such that 2-(3'-
methylcyclohexanol)-6-methylquinoline (3.7 g, 56%) is
yield.

[0089] 2. Synthesis of 2-(3'-methylcyclohexenyl)-6-meth-
ylquinoline
[0090] 2-(3'-methylcyclohexenyl 1)-6-methylquinoline is

synthesized by following Reaction Formula 8.

[Reaction Formula 8]
OH H,S0,
Ny N
F F

[0091] An aqueous solution of H2SO4 (10 mL) is added
into 2-(3'-methylcyclohexanol)-6-methylquinoline at about
10° C., and then being stirred under a room temperature for 1
hour. The solution is stirred for about 30 minutes in iced water
(50 g) and has a base property using 20% NaOH. The result-
ing solution is extracted with methylenechloride, and then
being distilled under reduced pressure. The resulting resi-
dence is filtered by silica gel column and distilled under
reduced pressure such that 2-(3'-methylcyclohexenyl)-6-me-
thylquinoline (3.0 g) is yield.

[0092] 3. Synthesis of chloro-bridged Ir dimmer complex

[0093] Chloro-bridged Ir dimmer complex is synthesized
by following Reaction Formula 9.

(=

Ir(II)Cl;-nH,O
_—

2-ethoxyethanol/H,O
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[0094] Iridium (III) chloride (5 mmol) and 2-(3'-methylcy-
clohexenyl)-6-methylquinoline (10 mmol) is put in a mixed
solvent (30 mL), where a ratio of 2-ethoxyethanol to distilled
water is 3:1. The mixture is refluxed for 24 hours, and water
is added thereto. The resulting solid is filtered and washed by
distilled water to yield chloro-bridged Ir dimmer complex.
[0095] 4. Synthesis of iridium(III) bis{2-(3'-methylcyclo-
hexenyl)-6-methylquinoline-N,C> }(2,4-pentanedionate-0,
0)

[0096] Iridium(IIT)bis{243'-methylcyclohexenyl)-6-meth-
ylquinoline-N,C>}(2,4-pentane dionate-0,0) is synthesized
by following Reaction Formula 10.

[Reaction Formula 10]
S n]
LN AN 2,4-pentanedione,
Cl P ’
| Ny e ™~ N Na,CO3
—_—
y l 2-ethoxyethanol
— -2 — -_—

\/

[0097] Chloro-bridged Ir dimmer complex (1 mmol), 2,4-
pentanedione (3 mmol) and sodium carbonate (Na,CO;) (6
mmol) is put in 2-ethoxyethanol (30 mL), and is refluxed for
24 hours. The resulted mixture is cooled to a room tempera-
ture, and then distilled water is added thereto. The mixture is
filtered. The resulted solid is dissolved in dichloromethane,
and then is filtered by silica gel column. By recrystallizing the
solution with dichloromethane and methanol, the compound
is yield.

[0098] Hereinafter, a detailed description will be made of
preferred examples associated with the OELD according to
the present invention. More specifically, the examples relate
to an OELD including an emission material layer which uses
the red phosphorescent compound of Formula 9 as a dopant.

EXAMPLES
Example 9

[0099] An indium-tin-oxide (ITO) layer is patterned on a
substrate and washed such that an emission area of the ITO
layer is 3 mm*3 mm. The substrate is loaded in a vacuum
chamber, and the process pressure is adjusted to 1¥107° torr.
CuPC (about 200 angstroms), NPD (about 400 angstroms),
an emitting layer (about 200 angstroms) including BAlq and
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/N

in the above Formular 10 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), fluorolithium (LiF) (about 5 ang-
stroms) and aluminum (Al) (about 1000 angstroms) are
sequentially formed on the ITO layer such that an OELD is
fabricated.

[0100] The OELD produces a brightness of 1270 cd/m? at
an electric current of 0.9 mA and a voltage of 5.6 V. At this
time, the X index and Y index of CIE color coordinates are
0.680 and 0.323, respectively, and the OELD has a lifetime of
5500 hours at 2000 cd/m>. The lifetime is defined as the time
taken before the luminance of the OELD decreases to half'its
initial value.

Example 10
[0101] An indium-tin-oxide (ITO) layer is patterned on a
substrate and washed such that an emission area of the ITO
layer is 3 mm*3 mm. The substrate is loaded in a vacuum
chamber, and the process pressure is adjusted to 1¥107° ton.
CuPC (about 200 angstroms), NPD (about 400 angstroms),
an emitting layer (about 200 angstroms) including BAlq and

A

in the above Formular 10 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), fluorolithium (LiF) (about 5 ang-
stroms) and aluminum (Al) (about 1000 angstroms) are
sequentially formed on the ITO layer such that an OELD is
fabricated.

[0102] The OELD produces a brightness of 1221 cd/m? at
an electric current of 0.9 mA and a voltage of 5.5 V. At this
time, the X index and Y index of CIE color coordinates are
0.684 and 0.322, respectively, and the OELD has a lifetime of
5000 hours at 2000 cd/m>.

Ny

F

Example 11

[0103] An indium-tin-oxide (ITO) layer is patterned on a
substrate and washed such that an emission area of the ITO
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layer is 3 mm*3 mm. The substrate is loaded in a vacuum
chamber, and the process pressure is adjusted to 1*107° ton.
CuPC (about 200 angstroms), NPD (about 400 angstroms),
an emitting layer (about 200 angstroms) including BAlq and

A

in the above Formular 10 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), fluorolithium (LiF) (about 5 ang-
stroms) and aluminum (Al) (about 1000 angstroms) are
sequentially formed on the ITO layer such that an OELD is
fabricated.

[0104] The OELD produces a brightness of 1301 cd/m? at
an electric current of 0.9 mA and a voltage of 5.3 V. At this
time, the X index and Y index of CIE color coordinates are
0.681 and 0.332, respectively, and the OELD has a lifetime of
6500 hours at 2000 cd/m>.

Ny

A

Example 12

[0105] An indium-tin-oxide (ITO) layer is patterned on a
substrate and washed such that an emission area of the ITO
layer is 3 mm*3 mm. The substrate is loaded in a vacuum
chamber, and the process pressure is adjusted to 1*107° ton.
CuPC (about 200 angstroms), NPD (about 400 angstroms),
an emitting layer (about 200 angstroms) including BAlq and

A

in the above Formular 10 as a dopant (about 5 weight %), Alq3
(about 300 angstroms), fluorolithium (LiF) (about 5 ang-
stroms) and aluminum (Al) (about 1000 angstroms) are
sequentially formed on the ITO layer such that an OELD is
fabricated.

[0106] The OELD produces a brightness of 1254 cd/m? at
an electric current of 0.9 mA and a voltage of 5.4 V. At this
time, the X index and Y index of CIE color coordinates are
0.685 and 0.331, respectively, and the OELD has a lifetime of
6000 hours at 2000 cd/m>.

Xy

/

Comparative Example 3

[0107] AnITO layeris patterned on a substrate and washed
such that an emission area of the ITO layer is 3 mm*3 mm.
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The substrate is loaded in a vacuum chamber, and the process
pressure is adjusted to 1¥107° torr. CuPC (about 200 ang-
stroms), NPD (about 400 angstroms), an emitting layer
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internal quantum efficiency has a dimension of [%], and a
lifetime has a dimension of [hour]. The evaluated results are
shown in Table 3.

TABLE 3
Internal
Electric Current Power quantum
voltage current Brightness efficiency efficiency efficiency CIE (X) CIE (Y) lifetime
Ex.9 5.6 0.9 1270 12.7 7.5 18.7 0.680 0.323 5500
Ex. 10 5.5 0.9 1221 12.2 7.3 18.3 0.684 0.322 5000
Ex. 11 5.3 0.9 1301 13.0 8.1 19.1 0.681 0.332 6500
Ex. 12 5.4 0.9 1254 12.5 7.7 18.5 0.685 0.331 6000
Com. 6.0 0.9 1173 11.7 6.2 12.0 0.606 0.375 4000
Ex.3
Com. 7.5 0.9 780 7.8 3.3 10.4 0.659 0.329 2500
Ex. 4

(about 200 angstroms) including BAlq and RD-1 represented
by the above Formula 1-1 as a dopant (about 7 weight %),
Alg3 (about 300 angstroms), LiF (about 5 angstroms) and Al
(about 1000 angstroms) are sequentially formed on the ITO
layer such that an OELD is fabricated.

[0108] The OELD produces a brightness of 1173 cd/m? at
an electric current of 0.9 mA and a voltage of 6.0 V. At this
time, the X index and Y index of CIE color coordinates are
0.606 and 0.375, respectively, and the OELD has a lifetime of
4000 hours at 2000 cd/m>.

Comparative Example 4

[0109] AnITO/layer is patterned on a substrate and washed
such that an emission area of the ITO layer is 3 mm*3 mm.
The substrate is loaded in a vacuum chamber, and the process
pressure is adjusted to 1*1075 ton. CuPC (about 200 ang-
stroms), NPD (about 400 angstroms), an emitting layer
(about 200 angstroms) including BAlq and RD-2 represented
by the above Formula 1-2 as a dopant (about 7 weight %),
Alg3 (about 300 angstroms), LiF (about 5 angstroms) and Al
(about 1000 angstroms) are sequentially formed on the ITO
layer such that an OELD is fabricated.

[0110] The OELD produces a brightness of 780 cd/m> at an
electric current of 0.9 mA and a voltage of 7.5 V. At this time,
the X index and Y index of CIE color coordinates are 0.659
and 0.329, respectively, and the OELD has a lifetime of 6000
hours at 2500 cd/m>.

[0111] As mentioned above, BAlq as a host is used for an
emission material layer. However, the emission material layer
may be formed of other materials. For example, Al metallic
complex, zinc (Zn) metallic complex or CBP may be used for
the emission material layer. CBP is a carbazole derivatives,
such as 4-4'-N—N'-dicarbazole-1-1'-biphenyl, and repre-
sented by the above Formula 6. For example, the dopant is
added into a host material by about 0.1 to 50 weight %.
[0112] In addition, a ligand of the Al metallic complex or
the Zn metallic complex may be selected from quinolinyl,
biphenynyl, isoquinolinyl, phenylnyl, methylquinolinyl,
dimethylquinolinyl, and dimethyl isoquinolinyl.

[0113] TheOELD fabricated in Examples 9to 12 and Com-
parative Examples 3 and 4 is evaluated for efficiency, bright-
ness, lifetime, and so on. A voltage has a dimension of [V], an
electric current has a dimension of [mA], a brightness has a
dimension of [cd/m2], a current efficiency has a dimension of
[cd/A], a power efficiency has a dimension of [Im/W], an

[0114] As shownin Table 3, the OELD in Examples 9 to 12
has high color purity and high internal quantum efficiency.
Accordingly, the OELD according to the present invention
has improved luminescence efficiency. As a result, when the
red phosphorescent compound of the present invention as a
dopant for an emission material layer of an OELD, the OELD
has high color purity, high brightness and high luminescence
efficiency. The OELD can be driven by arelatively low power,
power consumption can be reduced.

[0115] FIG. 2 is a schematic cross-sectional view of an
OELD according to the present invention. In FIG. 2, an
OELD includes a first substrate 101, a second substrate (not
shown) facing the first substrate 101, and an organic elec-
troluminescent diode E on the first substrate 101. Namely, the
organic electroluminescent diode E is positioned between the
first substrate 101 and the second substrate.

[0116] The organic electroluminescent diode E includes a
first electrode 120 as an anode, a second electrode 130 as a
cathode, and an organic emitting layer 140 between the first
and second electrodes 120 and 130. The first electrode 120
being closer to the first substrate 110 than the second elec-
trode 130 is shown. Alternatively, the second electrode 130
may be closer to the first substrate 110 than the first electrode
120.

[0117] The first electrode 120 is formed of a material hav-
ing a large work function. For example, the first electrode 120
may be formed of ITO. The second electrode 130 is formed of
a material having a small work function. For example, the
second electrode 130 may be formed of one of Al and Al alloy
(AING).

[0118] The organic emitting layer 140 includes red, green
and blue organic emitting patterns. In this case, the red emis-
sion pattern of the EML includes a host material, which is
capable of transporting an electron and a hole, and the red
phosphorescent compound according to the present invention
as a dopant. The red phosphorescent compound according to
the present invention is represented by the above Formulas 2,
7 and 9. The red phosphorescent compound as a dopant is
added with a range of about 0.1 weight % to about 50 weight
% with respect to a total weight of a material in the red
emission pattern.

[0119] Although not shown, to maximize luminescence
efficiency, the organic emission layer 140 has a multiple-
layered structure. For example, a hole injection layer (HIL), a
hole transporting layer (HTL), an emitting material layer
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(EML), an electron transporting layer (ETL) and an electron
injection layer (EIL) are stacked on the first electrode 120.
[0120] 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 spirit or 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. A red phosphorescent compound, comprising:

ahost material being capable of transporting an electron or

a hole; and
a dopant material represented by following Formula 1:

[Formula 1]

(0]
Ir< > , wherein the ~ is one of
N 0 7~
N
R3

2

R2 R4

RI N A e

and

7\

—{

/
Q_

and each of R1 to R4 is one of the group consisting of
hydrogen atom (H), C1 to C6 substituted or non-substituted
alkyl group, C1 to C6 substituted or non-substituted alkoxy
group, and halogen atom.

2. The compound according to claim 1, wherein the C1 to
C6 alkyl is one of the group consisting of methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl and t-butyl.

3. The compound according to claim 1, wherein the C1 to
C6 alkoxy is one of the group consisting of methoxy, ethoxy,
Nn-propoxy, i-propoxy, n-butoxy, i-butoxy and t-butoxy.

4. The compound according to claim 1, wherein the dopant
material has a weight % of about 0.1 to about 50 with respect
to a total weight of the compound.

5. The compound according to claim 1, wherein the host
material is one of the group consisting of aluminum(III)bis
(2-methyl-8-quinolinato)-4-phenylphenolate  (BAlq), Al
metal complex, Zn metal complex and carbazole derivatives.

6. The compound according to claim 5, wherein the carba-
zole derivatives includes 4,4'-N,N'-dicarbaxole-biphenyl
(CBP).

7. The compound according to claim 5, wherein a ligand of
the Al metal complex and the Zn metal complex is one of the
group consisting of quinolnyl, biphenylyl, isoquinolnyl, phe-
nylyl, methylquinolnyl, dimethylquinolnyl and dimethyl-iso-
quinolnyl.

8. The compound according to claim 1, wherein the
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is one of 2 ,4-ppentanedione, 2,2,6,6-tetramethylheptane-3,5-
dione, 1,3-propanedione, 1,3-butanedione, 3,5-heptanedi-
one, 1,1,1-trifluoro-2,4-pentanedione, 1,1,1,5,5,5-
hexafluoro-2,4-pentanedione and 2,2-dimethyl-3,5
hexanedione.

9. A red phosphorescent compound, comprising:

a host material being capable of transporting an electron or

a hole; and
a dopant material represented by following Formula 1:

[Formula 1]

wherein the

and R1is one of C1 to C6 substituted or non-substituted alkyl
group and C1 to C6 substituted or non-substituted alkoxy
group, each of R2 to R6 is one of hydrogen atom (H), C1 to C6
substituted or non-substituted alkyl group, C1 to C6 substi-
tuted or non-substituted alkoxy group, halogen atom, trim-
ethylsily group and tert-trifluoromethyl, and at least one of
the R2 to R6 is one of C1 to C6 substituted or non-substituted
alkyl group, C1 to C6 substituted or non-substituted alkoxy
group, halogen atom, trimethylsily group and tert-trifluorom-
ethyl.

10. The compound according to claim 9, wherein the C1 to
C6 alkyl is selected from the group consisting of methyl,
ethyl, n-propyl, i-propyl, n-butyl, i-butyl and t-butyl.

11. The compound according to claim 9, wherein the C1 to
C6 alkoxy is selected from the group consisting of methoxy,
ethoxy, n-propoxy, i-propoxy, n-butoxy, i-butoxy and t-bu-
toxy.

12. The compound according to claim 9, wherein the
dopant material has a weight % of about 0.1 to about 50 with
respect to a total weight of the compound.

13. The compound according to claim 9, wherein the host
material is selected from the group consisting of aluminum
(II1)bis(2-methyl-8-quinolinato)-4-phenylphenolate (BAlg),
Al metal complex, Zn metal complex and carbazole deriva-
tives.

14. The compound according to claim 13, wherein the
carbazole derivatives includes 4,4'-N,N'-dicarbaxole-biphe-
nyl (CBP).

15. The compound according to claim 13, wherein a ligand
of'the Al metal complex and the Zn metal complex is selected
from the group consisting of quinolnyl, biphenylyl, iso-
quinolnyl, phenylyl, methylquinolnyl, dimethylquinolnyl
and dimethyl-iso-quinolnyl.

16. The compound according to claim 9, wherein the
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is one of 2,4-ppentanedione, 2,2,6,6-tetramethylheptane-3,5-
dione, 1,3-propanedione, 1,3-butanedione, 3,5-heptanedi-
one, 1,1,1-trifluoro-2,4-pentanedione, 1,1,1,5,5,5-
hexafluoro-2,4-pentanedione and 2,2-dimethyl-3,5-
hexanedione.
17. An organic electroluminescent device, comprising:
a first substrate;
a thin film transistor on the first substrate;
a second substrate facing the first substrate; and
an organic luminescent diode electrically connected to the
thin film transistor and including a first electrode, a
second electrode facing the first electrode and an organic
emission layer disposed between the first and second
electrodes, a red phosphorescent compound of the
organic emission layer including:
ahost material being capable of transporting an electron or
a hole; and
a dopant material represented by following Formula 1:

[Formula 1]

/IN/

x
herein th Y £ d
‘wherein the / 1S One Ol an

N

Jun. 3, 2010

and each of R1 to R4 is one of the group consisting of
hydrogen atom (H), C1 to C6 substituted or non-substituted
alkyl group, C1 to C6 substituted or non-substituted alkoxy
group, and halogen atom.
18. An organic electroluminescent device, comprising:
a first substrate;
a thin film transistor on the first substrate;
a second substrate facing the first substrate; and
an organic luminescent diode electrically connected to the
thin film transistor and including a first electrode, a
second electrode facing the first electrode and an organic
emission layer disposed between the first and second
electrodes, a red phosphorescent compound of the
organic emission layer including:
a host material being capable of transporting an electron or
a hole; and
a dopant material represented by following Formula 1:

CJL/II/O )
IN o
2

Ry

[Formula 1]

Ry
@
Y
R,
N <C\ » 3
‘wheremn c 1S
7~
N Ry Re
Rs

and R1 is one of C1 to C6 substituted or non-substituted alkyl
group and C1 to C6 substituted or non-substituted alkoxy
group, each of R2 to R6 is one of hydrogen atom (H), C1to C6
substituted or non-substituted alkyl group, C1 to C6 substi-
tuted or non-substituted alkoxy group, halogen atom, trim-
ethylsily group and tert-trifluoromethyl, and at least one of
the R2 to R6 is one of C1 to C6 substituted or non-substituted
alkyl group, C1 to C6 substituted or non-substituted alkoxy
group, halogen atom, trimethylsily group and
tert-trifluoromethyl.
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