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PHOSPHORESCENT COMPOUND AND
ORGANIC ELECTROLUMINESCENT
DEVICE USING THE SAME

[0001] Thepresent application claims the benefit of Korean
Patent Application No. 10-2010-0106234 filed in Korea on
Oct. 28, 2010, and Korean Patent Application Nos. 10-2010-
0107314, 10-2010-0107315, and 10-2010-0107316, filed in
Korea on Oct. 29, 2010, respectively, all of which are herein
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a phosphorescent
compound and an organic electroluminescent device (OELD)
and more particularly to a phosphorescent compound having
high triplet energy and an OELD using the same.

[0004] 2. Discussion of the Related Art

[0005] An OELD emits light by injecting electrons from a
cathode as an electron injection electrode and holes from an
anode as a hole injection electrode into an emission com-
pound layer, combining the electrons with the holes, gener-
ating 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 ele-
ments are formed. Since the OELD does not require a back-
light assembly, the OELD has low weight and low power
consumption. Moreover, the OELD can be operated at a volt-
age (e.g., 10V or below) lower than a voltage required to
operate other display devices.

[0006] Dopant is added into a host of the emission layer.
For example, a red emission layer includes a host of 4,4'-N,
N'-dicarbazolbiphenyl (CBP) of about 30 nm and a dopant of
bis(2-phenylquinoline) (aceteylacetonate)iridium(IIl) (Ir
(phq).acac). The dopant is added by a weight % of about 5 to
10.

[0007] Recently, a phosphorescent compound is more
widely used for the emission layer than a fluorescent com-
pound. The fluorescent compound only uses singlet energy
corresponding to about 25% of excitons for emitting light,
and triplet energy corresponding to about 75% of excitons is
lost as a heat. However, the phosphorescent compound uses
not only the singlet energy but also the triplet energy for
emitting light. The phosphorescent dopant includes a heavy
atom, such as iridium (Ir), platinum (Pt) and europium (Eu) at
a center of an organic compound and has a high electron
transition probability from the triplet state to the single state.
[0008] However, since an emitting yield of the dopant is
rapidly reduced because of a concentration quenching, the
dopant cannot comprise the emission layer for itself. Accord-
ingly, a host with the dopant is used for the emission layer.
[0009] Inthe OELD, a hole from the anode and an electron
from the cathode are combined in the host of the emission
layer such that a singlet state exciton and a triplet state exciton
are generated. The singlet state exciton is transited into a
singlet energy or a triplet energy of the dopant. The triplet
state exciton is transited into a triplet energy of the dopant.
Since the exciton transited into the single energy of the dopant
is re-transited into the triplet energy of the dopant, a destina-
tion of all exciton is a triplet energy level of the dopant. The
exciton at the triplet energy level of the dopant is transited into
a ground state to emit light.
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[0010] For an efficient energy transition into the dopant, a
triplet energy of the host should be larger than that of the
dopant. However, referring to FIG. 1, CBP, which is widely
used for the host, has a triplet energy of about 2. 6 eV, while
a phosphorescent dopant, for example, iridium-bis-(4,6-dif-
luorophenylpyridinato-N—C2)-picolinate (Flrpic), has a
triplet energy larger than 2.6 eV. Accordingly, an energy
counter-transition from the dopant to the host is generated
such that an emission yield is reduced. Particularly, the emis-
sion yield reduction is strongly generated in a low tempera-
ture. To prevent these problems, a new phosphorescent com-
pound having a triplet energy above 2.6 eV and having a
thermal stability is required.

[0011] In addition, when a triplet energy of the hole trans-
porting layer and the electron transporting layer, which are
adjacent to the emission layer, is smaller than that of the
dopant, an energy counter-transition from the host or dopant
to the hole transporting layer and the electron transporting
layer is generated such that an emission yield is also reduced.
Accordingly, a triplet energy is an important fact in the hole
and electron transporting layers as well as the host.

SUMMARY OF THE INVENTION

[0012] Accordingly, the present invention is directed to a
phosphorescent compound and an organic electrolumines-
cent device (OELD) using the same that substantially obvi-
ates one or more of the problems due to limitations and
disadvantages of the related art.

[0013] An object of the present invention is to provide a
phosphorescent compound having high triplet energy.
[0014] Another object of the present invention is to provide
an OELD having improved emission efficiency.

[0015] 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.

[0016] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, a phosphorescent compound is
represented by following Formula:

[Formula]
R3\/ / \ =73
Y3
A v
. R2,
Zi/ : 1§Xl s |
v N
N N
X2 /
\ / \Y2/ZZ

whereineachofX1,X2,X3,.Y1,Y2,Y3,71, Z2 and Z3 is one
of carbon and nitrogen, and at least one o X1, X2, X3,Y1,Y2,
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Y3, 71, 72 and 73 is nitrogen, and wherein each of R1, R2
and R3 is one of hydrogen (H), fluorine (F), chlorine (Cl),
aliphatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl group,
alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group
and aryl amino group.

[0017] In another aspect of the present invention, a phos-
phorescent compound is represented by following Formula:

. N N
@ e
A G
T 7
\ / / «

J

R2

[Formula]

wherein each of X, Y, Z is one of carbon and nitrogen, and at
least one of X, Y, Z is nitrogen, and wherein each of R1, R2,
R3, R4 and RS is one of hydrogen (H), fluorine (F), chlorine
(C1), aliphatic group, aromatic group, alkyl silyl group, aryl
silyl group, alkoxy group, aryloxy group, alkyl phosphoryl
group, alkyl sulfuryl group, aryl sulfuryl group, alkyl amino
group and aryl amino group.

[0018] In another aspect, organic electroluminescent
device includes a first electrode; a second electrode facing the
first electrode; and an emitting material layer between the first
and second electrodes, wherein the emitting material layer
includes a host represented by following Formula and a
dopant,

[Formula]
R3\/ / \ \Zim
A Ay
R2,
Z|/Y1\X1 /@\ / /|
# . N X
X2
\/ / \;2/2{

whereineach of X1, X2, X3,Y1,Y2,Y3,71,Z2and Z3 is one
of carbon and nitrogen, and at least one of X1, X2, X3,Y1,Y2,
Y3, 71, 72 and 73 is nitrogen, and wherein each of R1, R2
and R3 is one of hydrogen (H), fluorine (F), chlorine (Cl),
aliphatic group, aromatic group, alkyl silyl group, aryl silyl
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group, alkoxy group, aryloxy group, alkyl phosphoryl group,
alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group
and aryl amino group.

[0019] In another aspect, an organic electroluminescent
device includes a first electrode; a second electrode facing the
first electrode; and an emitting material layer between the first
and second electrodes, wherein the emitting material layer
includes a host represented by following Formula and a
dopant,

[Formula]
R4
7 .
S |
NN
27Ny F
| Lo
& N N X
o 7

wherein each of X, Y, Z is one of carbon and nitrogen, and at
least one of X, Y, 7 is nitrogen, and wherein each of R1, R2,
R3, R4 and R5 is one of hydrogen (H), fluorine (F), chlorine
(Cl), aliphatic group, aromatic group, alkyl silyl group, aryl
silyl group, alkoxy group, aryloxy group, alkyl phosphoryl
group, alkyl sulfuryl group, aryl sulfuryl group, alkyl amino
group and aryl amino group.

[0020] In another aspect, a phosphorescent compound is
represented by following Formula:

[Formula]
R2Y \
.
N / \
/Zl,
XI:Y1
N
X2 N
y
N
e
72 = — R2

whereineachof X1,X2,X3,Y1,Y2,Y3,71, Z2and 73 is one
of carbon and nitrogen, and each of R1, R2 and R3 is one of
hydrogen (H), fluorine (F), chlorine (Cl), aliphatic group,
aromatic group, alkyl silyl group, aryl silyl group, alkoxy
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group, aryloxy group, alkyl phosphoryl group, alkyl sulfuryl
group, aryl sulfuryl group, alkyl amino group and aryl amino
group.

[0021] In another aspect, an organic electroluminescent
device includes a first electrode; a second electrode facing the
first electrode; and an emitting material layer between the first
and second electrodes, wherein the emitting material layer
includes a host represented by following Formula and a
dopant,

[Formula]

——
N / \
Z1,
Xl:Yl/
N
X2 N
TN
>2\ /\RZ

whereineachofX1,X2,X3.Y1,Y2,Y3,71, Z2 and Z3 is one
of carbon and nitrogen, and each of R1, R2 and R3 is one of
hydrogen (H), fluorine (F), chlorine (Cl), aliphatic group,
aromatic group, alkyl silyl group, aryl silyl group, alkoxy
group, aryloxy group, alkyl phosphoryl group, alkyl sulfuryl
group, aryl sulfuryl group, alkyl amino group and aryl amino
group.

[0022] In another aspect, an organic electroluminescent
device includes a first electrode; a second electrode facing the
first electrode; and an emitting material layer between the first
and second electrodes, wherein the emitting material layer
includes a host represented by following Formula and a
dopant,

[Formula]

—r
N / \
71,
Xl:YI/
N
X2 N
o\ T
\ 1
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whereineach of X1,X2,X3,Y1,Y2,Y3,71, Z2and 73 is one
of carbon and nitrogen, and each of R1, R2 and R3 is one of
hydrogen (H), fluorine (F), chlorine (Cl), aliphatic group,
aromatic group, alkyl silyl group, aryl silyl group, alkoxy
group, aryloxy group, alkyl phosphoryl group, alkyl sulfuryl
group, aryl sulfuryl group, alkyl amino group and aryl amino
group.

[0023] In another aspect, a phosphorescent compound is
represented by following Formula:

[Formula]
AN
Y3
7\ ReL N\
X3
o _—

X1 N
YRS
\ /\Rl

Zl==,

whereineachof X1,X2, X3,Y1,Y2,Y3,71,Z2and 73 is one
of carbon and nitrogen, and at least one of X1, X2, X3,Y1,Y2,
Y3,71, 72 and 73 is nitrogen, and wherein each of R1, R2
and R3 is one of hydrogen (H), fluorine (F), chlorine (Cl),
aliphatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl group,
alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group
and aryl amino group.

[0024] In another aspect, a phosphorescent compound is
represented by following Formula:

[Formula]
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wherein each of X1, X2,Y1,Y2, Z1 and Z2 is one of carbon
and nitrogen, and at least one of X1,X2,Y1,Y2, 71 and 72 is
nitrogen, and wherein each of R1, R2, R3 and R4 is one of
hydrogen (H), fluorine (F), chlorine (Cl), aliphatic group,
aromatic group, alkyl silyl group, aryl silyl group, alkoxy
group, aryloxy group, alkyl phosphoryl group, alkyl sulfuryl
group, aryl sulfuryl group, alkyl amino group and aryl amino

group.
[0025] In another aspect, a phosphorescent compound is
represented by following Formula:
[Formula]
7/ s
=
RS
T
N
N
/X
N
\ TRI
7= -

wherein each of X, Y and Z is one of carbon and nitrogen, and
atleast one of X, Y and 7 is nitrogen, and wherein each ofR1,
R2, R3, R4 and R5 is one of hydrogen (H), fluorine (F),
chlorine (Cl), aliphatic group, aromatic group, alkyl silyl
group, aryl silyl group, alkoxy group, aryloxy group, alkyl
phosphoryl group, alkyl sulfuryl group, aryl sulfuryl group,
alkyl amino group and aryl amino group.

[0026] In another aspect, an organic electroluminescent
device includes a first electrode; a second electrode facing the
first electrode; and an emitting material layer between the first
and second electrodes, wherein the emitting material layer
includes a host represented by following Formula and a
dopant,

[Formula]
Z3.
7 S\(\3 R N\
X3 !
/

N,
an
Y1
b e

whereineachof X1, X2, X3,Y1,Y2,Y3,71,Z2and 73 is one
of carbon and nitrogen, and at least one of X1, X2, X3,Y1,Y2,
Y3, 71, 72 and 73 is nitrogen, and wherein each of R1, R2
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and R3 is one of hydrogen (H), fluorine (F), chlorine (Cl),
aliphatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl group,
alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group
and aryl amino group.

[0027] In another aspect, an organic electroluminescent
device includes a first electrode; a second electrode facing the
first electrode; and an emitting material layer between the first
and second electrodes, wherein the emitting material layer
includes a host represented by following Formula and a
dopant,

[Formula]

J Aws -l N
| o

N
//Xl \ /

Y1
\Z = /\ Rl

wherein each of X1, X2,Y1,Y2, Z1 and 72 is one of carbon
and nitrogen, and at least one of X1, X2,Y1,Y2, Z1 and 72 is
nitrogen, and wherein each of R1, R2, R3 and R4 is one of
hydrogen (H), fluorine (F), chlorine (Cl), aliphatic group,
aromatic group, alkyl silyl group, aryl silyl group, alkoxy
group, aryloxy group, alkyl phosphoryl group, alkyl sulfuryl
group, aryl sulfuryl group, alkyl amino group and aryl amino
group.

[0028] 1In another aspect, an organic electroluminescent
device includes a first electrode; a second electrode facing the
first electrode; and an emitting material layer between the first
and second electrodes, wherein the emitting material layer
includes a host represented by following Formula and a
dopant,

[Formula]

R5>/ \ N
N
- N,
WA
\ R
VA —
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wherein each of X, Y and Z is one of carbon and nitrogen, and
atleastone of X, Y, and Z is nitrogen, and wherein each of R1,
R2, R3, R4 and RS is one of hydrogen (H), fluorine (F),
chlorine (Cl), aliphatic group, aromatic group, alkyl silyl
group, aryl silyl group, alkoxy group, aryloxy group, alkyl
phosphory! group, alkyl sulfuryl group, aryl sulfuryl group,
alkyl amino group and aryl amino group.

[0029] In another aspect, a phosphorescent compound is
represented by following Formula:
[Formula]
e —_—
R~ / \ ARy,
N
N
X\
|
/
Re~L / N
]
\ \

wherein each of X, Y, Z is one of carbon and nitrogen, and at
least one of X, Y, Z is nitrogen, and wherein each of R1, R2,
R3 and R4 is one of hydrogen (H), fluorine (F), chlorine (Cl),
aliphatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl group,
alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group
and aryl amino group.

[0030] In another aspect, a phosphorescent compound is
represented by following Formula:

[Formula]

N X
_ [y
Ryd” . ==7
N/
“ ]
X
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wherein each of X, Y, Z is one of carbon and nitrogen, and at
least one of X, Y, Z is nitrogen, and wherein each of R1, R2,
R3 and R4 is one of hydrogen (H), fluorine (F), chlorine (C1),
aliphatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl group,
alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group
and aryl amino group.

[0031]
device includes a first electrode; a second electrode facing the

In another aspect, an organic electroluminescent

first electrode; and an emitting material layer between the first
and second electrodes, wherein the emitting material layer
includes a host represented by following Formula and a

dopant,
[Formula]
Rl\/ \/Rz,
A Vs
N
N,
X\\
[}
ReL ==7
N
\_/
~ )
NN
Ry

wherein each of X, Y, 7 is one of carbon and nitrogen, and at
least one of X, Y, Z is nitrogen, and wherein each of R1, R2,
R3 and R4 is one of hydrogen (H), fluorine (F), chlorine (Cl),
aliphatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl group,
alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group
and aryl amino group.

[0032]
device includes a first electrode; a second electrode facing the

In another aspect, an organic electroluminescent

first electrode; and an emitting material layer between the first
and second electrodes, wherein the emitting material layer
includes a host represented by following Formula and a
dopant,
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[Formula]
Ry
N\
|
=
N / \
X
Ry,

wherein each of X, Y, Z is one of carbon and nitrogen, and at
least one of X, Y, Z is nitrogen, and wherein each of R1, R2,
R3 and R4 is one of hydrogen (H), fluorine (F), chlorine (Cl),
aliphatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl group,
alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group
and aryl amino group.

[0033] Itisto beunderstood 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

[0034] 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.
[0035] FIG.1is a graphshowing a photoluminescence (PL.)
spectrum of CBP as a host for the related art OELD.

[0036] FIGS. 2A and 2B show a UV spectrum and a PL
spectrum of a phosphorescent compound according to the
first embodiment of the present invention.

[0037] FIGS. 3A and 3B show a UV spectrum and a PL,
spectrum of a phosphorescent compound according to the
second embodiment of the present invention.

[0038] FIG. 4 is a schematic cross-sectional view of an
OELD according to the present invention.

[0039] FIGS.5A and 5B show UV spectrums and PL spec-
trums of phosphorescent compounds according to the third
embodiment of the present invention.

[0040] FIG. 6 shows UV spectrums and PL spectrums of
phosphorescent compounds according to the fourth to sixth
embodiments of the present invention.

[0041] FIG. 7 shows a UV spectrum and a PL spectrum of
a phosphorescent compound according to the seventh
embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0042] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

First Embodiment
[0043] A phosphorescent compound according to the first
embodiment of the present invention includes carboline and/
or carbozole at 1, 3, and 5 positions of benzene ring. Particu-
larly, carboline substitutes at least one of the 1, 3 and 5§
position of the benzene ring. The phosphorescent compound
is represented by following Formula 1.

[Formula 1]

X2
N
Y2~2Z2

[0044] Inthe above Formulal,eachofX1,X2,X3,Y1,Y2,
Y3,71,72 and 73 is one of carbon and nitrogen, and at least
oneof X1,X2,X3,Y1,Y2,Y3,71, Z2 and 73 is nitrogen. For
example, when X1 is nitrogen and both of Y1 and Z1 are
carbon, carboline is referred to as a.-carboline. When Y1 is
nitrogen and both of X1 and Z1 are carbon, carboline is
referred to as f-carboline. When Z1 is nitrogen and both of
X1 and Y1 are carbon, carboline is referred to as y-carboline.
[0045] In addition, in the above Formula 1, each of R1,R2
and R3 is one of hydrogen (H), fluorine (F), chlorine (Cl),
aliphatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl group,
alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group
and aryl amino group. For example, the aliphatic group may
include C1 to C20 aryl and C1 to C20 alkyl, and the aromatic
group may include phenyl, naphthyl, biphenyl, terphenyl and
phenanthrenyl.

[0046] The phosphorescent compound in Formula 1 is one
of compounds in following Formula 2.

[Formula 2]

\
N
N
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7
in the above
-continued [0048] Formula 2 is synthesized by following synthesis.
== 1. Synthesis of N-(3,5-dibromophenyl)-y-carboline
\ N [0049] N-(3,5-dibromophenyl)-y-carboline is synthesized
/ by following Reaction Formula 1.
Y 2

[Reaction Formula 1]

O Q :

AN

Br Br
O N N O [0050] 1.3-dibromo-5iodobenzene 5 g (13.8 mmol), y-car-
boline 2.33 g (13.8 mmol), dioxane 50 ml, Cul 0.2 g, trans-
diaminocyclohexene 0.7 ml and K3P0O4 6 g are put in a 100
O O ml two-neck flask and refluxed for 12 hours. After completion
ofthe reaction, the reaction mixture is filtered to remove a salt

and water 50 ml are added in the solution to precipitate. The

—=
resulting solution is filtered by column chromatrography with
\ Y/ ethylene acetate such that white powder 3.0 g is obtained.

. N (yield: 54%)
2. Synthesis of the Phosphorescent Compound
[0051] The phosphorescent compound is synthesized by
=N following Reaction Formula 2.

\ J N N

[Reaction Formula 2]
—
N\ N &

H
N
~ N
+ —_
[0047] The phosphorescent compound represented by
Br Br

=N

\ |
N /

Xy
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[0052] N-(3,5-dibromophenyl)-y-carboline 2 g (5 mmol),
carbazole 1.87 g (11 mmol), toluene 50 ml, Pd2 dba3 0.1 g,
xantphos 0.23 g and sodium-tert-butoxide 1.3 g are put in a
100 ml two-neck flask and refluxed for 12 hours. After
completion of the reaction, the solvent is removed, and the
resulting residence is washed with water 50 ml. The resulting
solution is filtered by column chromatrography with acetone
and hexane of 1:1 such that white powder 0.95 g is obtained.
(vield: 70%)

Second Embodiment

[0053] A phosphorescent compound according to the sec-
ond embodiment of the present invention includes one carbo-
line and two diphenylamine groups at 1, 3, and 5 positions of
benzene ring, respectively. The phosphorescent compound is
represented by following Formula 3.

[Formula 3]
R4
3V
RS——
NN
77Ny F
| y :—R3
N N A
v
/
AN
/" %

[0054] In the above Formula 3, each of X, Y, Z is one of
carbon and nitrogen, and at least one of X, Y, 7 is nitrogen. For
example, when X is nitrogen and both of Y and Z are carbon,
carboline is referred to as a-carboline. When'Y is nitrogen
and both of X and Z are carbon, carboline is referred to as
[-carboline. When Z is nitrogen and both of X and Y are
carbon, carboline is referred to as y-carboline.

[0055] Inaddition, in the above Formula 3, each of R1, R2,
R3, R4 and RS is one of hydrogen (H), fluorine (F), chlorine
(Cl), aliphatic group, aromatic group, alkyl silyl group, aryl
silyl group, alkoxy group, aryloxy group, alkyl phosphoryl
group, alkyl sulfuryl group, aryl sulfuryl group, alkyl amino
group and aryl amino group. For example, the aliphatic group
may include C1 to C20 aryl and C1 to C20 alkyl, and the
aromatic group may include phenyl, naphthyl, biphenyl, ter-
phenyl and phenanthrenyl.

[0056] The phosphorescent compound in Formula 3 is one
of compounds in following Formula 4.
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[Formula 4]

J

“Q

O
o f
@)

-
o7
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[0057] The phosphorescent compound represented by

!

AN

O
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in the above
[0058] Formula 4 is synthesized by following synthesis.

1. Synthesis of N-(3,5-dibromophenyl)-y-carboline

[0059] N-(3,5-dibromophenyl)-y-carboline is synthesized
by following Reaction Formula 3.

Reaction Formula 3
H

Q. C

N/

x | N
Br/©\Br

[0060] 1,3-dibromo-5-iodobenzene 5 g (13.8 mmol), y-car-
boline 2.33 g (13.8 mmol), dioxane 50 ml, Cul 0.2 g, trans-
diaminocyclohexene 0.7 ml and K;PO, 6 gareputina 100 ml
two-neck flask and refluxed for 12 hours. After completion of
the reaction, the reaction mixture is filtered to remove a salt
and water 50 ml are added in the solution to precipitate. The
resulting solution is filtered by column chromatrography with
ethylene acetate such that white powder 3.0 g is obtained.
(vield: 54%)

2. Synthesis of the Phosphorescent Compound

[0061] The phosphorescent compound is synthesized by
following Reaction Formula 4.

Reaction Formula 4
N /
H
N N X
+ I
Br Br
N==

N/

000
SHRe
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[0062] N-(3,5-dibromophenyl)-y-carboline 2 g (5 mmol),
diphenylamine 1.87 g (11 mmol), toluene 50 ml, Pd,(dba),
0.1 g, xantphos 0.23 g and sodium-tert-butoxide 1.3 g are put
in a 100 ml two-neck flask and refluxed for 12 hours. After
completion of the reaction, the solvent is removed, and the
resulting residence is washed with water 50 ml. The resulting
solution is filtered by column chromatrography with acetone
and hexane of 1:3 such that white powder 1.1 g is obtained.
(yield: 75%)

[0063] FIGS.2A and 2B respectively show a UV spectrum
and a photoluminescernce (PL) spectrum of the phosphores-
cent compound represented by

in Formula 2,

[0064] FIGS.3A and 3B respectively show a UV spectrum
and a photoluminescence (PL) spectrum of the phosphores-
cent compound represented by

in Formula 4.
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[0065] As shown in FIGS. 2A, 2B, 3A and 3B, the phos-
phorescent compounds in the first and second embodiments
of the present invention has a triplet energy above 2.8 eV and
a singlet energy above 3.3 eV. A triplet energy of the phos-
phorescent compounds in the present invention is larger than
that of the related art compound, i.e., CBP, and that of the
related art phosphorescent dopant. Accordingly, an energy
counter-transition from the dopant to the host is prevented
such that an emission yield is improved.

[0066] In addition, since the phosphorescent compound in
the first and second embodiments of the present invention has
the triplet energy larger than the dopant, the phosphorescent
compound can be used for the hole transporting layer or the
electron transporting layer. An energy counter-transition
from the dopant to the hole transporting layer or the electron
transporting layer is also prevented.

[0067] Referring to FIG. 4, which is a schematic cross-
sectional view of an OELD according to the present inven-
tion, the OELD includes a first substrate (not shown), a sec-
ond substrate (not shown) and an organic electroluminescent
diode E between the first and second substrates.

[0068] The organic electroluminescent diode E includes a
first electrode 110, a second electrode 130 and an organic
emitting layer 120. The first electrode 110 is formed of a
material having a relatively high work function to serve as an
anode. For example, the first electrode 110 may be formed of
indium-tin-oxide (ITO). The second electrode 130 is formed
of a material having a relatively low work function to serve as
a cathode. For example, the second electrode 130 may be
formed of aluminum (Al) or Al alloy.

[0069] The organic emitting layer 120 includes red, green
and blue organic emitting pattern. To increase an emission
efficiency, the organic emitting layer 120 includes a hole
injection layer (HTL) 121, a hole transporting layer (HIL)
122, an emitting material layer (EML) 123, an electron trans-
porting layer (ETL) 124 and an electron injection layer (EIL)
125.

[0070] At least one of the emitting material layer 123, the
hole transporting layer 122 and the electron transporting layer
124 includes the phosphorescent compound in the above
Formula 1 or the above Formula 3.

[0071] For example, when the emitting material layer 123
includes the phosphorescent compound in the above Formula
1 or the above Formula 3 as a host, a dopant is doped with a
weight % of about 1 to 10. Since the phosphorescent com-
pound as the host has the triple energy larger than the dopant,
an energy counter-transition from the dopant to the host is
prevented. As a result, an emission efficiency is improved. For
example, the dopant may be iridium-bis(4,6-difluorophe-
nylpyridineato-N,C2)-picolinate (Flrpic).

[0072] On the other hand, when the hole transporting layer
122 and/or the electron transporting layer 124 includes the
phosphorescent compound in the above Formula 1 or the
above Formula 3, an energy counter-transition from the
dopant to the hole transporting layer 122 and/or the electron
transporting layer 124 is prevented because a triplet energy of
the phosphorescent compound is larger than that of the
dopant. Accordingly, the OELD has an improved energy effi-
ciency.

Third Embodiment

[0073] A phosphorescent compound according to the third
embodiment of the present invention includes a structure of
tri-phenyl amine derivatives represented by following For-
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mula 5. Namely, carboline or carbazole is substituted at a
meta-position of tri-phenyl amine.

[Formula 5]
RI~J/, N
U
=
R3 N
¢ \ /\
XlQYl/
T
\ N N
Z3
\Y3‘/‘X3
X2 N
V
7 \ ]
—
| R2

[0074] Inthe above Formula 5, each of X1, X2, X3,Y1,Y2,
Y3,71,72and 73 is one of carbon and nitrogen. For example,
when allof X1,Y1 and Z1 are carbon, the substituted group is
carbazole. When X1 is nitrogen and both of Y1 and 71 are
carbon, the substituted group is carboline referred to as at-car-
boline. When Y1 is nitrogen and both of X1 and Z1 are
carbon, carboline is referred to as p-carboline. When Z1 is
nitrogen and both of X1 and Y1 are carbon, carboline is
referred to as y-carboline.

[0075] In addition, in the above Formula 5, each of R1,R2
and R3 is one of hydrogen (H), fluorine (F), chlorine (Cl),
aliphatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl group,
alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group
and aryl amino group. For example, the aliphatic group may
include C1 to C20 aryl and C1 to C20 alkyl, and the aromatic
group may include phenyl, naphthyl, biphenyl, terphenyl and
phenanthrenyl.

[0076] The phosphorescent compound in Formula 5 is one
of compounds in following Formula 6.

[Formula 6]
N Q



R

QN/ (j%
O

420
N\

N’ T
0 8o
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[0077] The phosphorescent compound of 3,3',3"-(N-carba-
-continued zolyl)-triphenylamine (mTCTA) represented by

N OQ
..
A3

S

\

in the above Formula 6 is synthesized by following synthesis.

Reaction Formula 5

N
Q/ NH2

Br

5 &9
Q;Q

e
»

L

5

N [0078] 3-(N-carbazolyl)benzenamine 1.5 g (5.8 mmol),

N-(3-bromophenyl)-a-carbazole 4.0 g (12.3 mmol), toluene
\ 50 ml, sodium-tert-butoxide 2.2 g (23 mmol), Pd2(dba)3 0.3
2 (0.3 mmol), and tris-tert-butylphosphine 0.4 g (2 mmol) are
putina 100 ml two-neck flask and refluxed for 12 hours under
a condition of nitrogen. After completion of the reaction, the
reaction mixture is cooled into a room temperature and tolu-
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ene is removed. Sediment is obtained in methanol 100 ml. The
resulting solution is filtered by column chromatrography with
methylenehloride and hexane of 1:3 such that white powder
3.2 g is obtained. (yield: 77%)

[0079] The phosphorescent compound of 3,3'-di(N-a-car-
bolinyl)-3"-(N-carbazolyl)-triphenylamine (mDACTA) rep-
resented by

/\
N/

in the above Formula 6 is synthesized by following synthesis.

1. Synthesis of N-(3-bromophenyl)-ai-carboline

[0080] N-(3-bromophenyl)-c-carboline is synthesized by
following Reaction Formula 6.

[Reaction Formula 6]

a0 ¢ -

Br

7\
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[0081] a-carboline 7.3 g (43.4 mmol), 3-iodo-bromoben-
zene 13.6 g (48 mmol), Cul 0.58 g, 1,2-cyclohexyldiamine
0.68 g, K,PO, 18.4 ¢ and dioxane 100 ml are put in a 250 ml
two-neck flask and refluxed for 12 hours. The solution is
filtered and extracted. Then, the solid is dissolved with meth-
ylene chloride, and the resulting residence is filtered by sili-

cagel chromatography such that solid 8.4 g is obtained.
(yield: 60%)

2. Synthesis of 3,3'-di(N-a.-carbolinyl)-3"-(N-carba-
zolyl)-triphenylamine

[0082] 3.3'-di(N-a-carbolinyl)-3"-(N-carbazolyl)-triph-
enylamine is synthesized by following Reaction Formula 7.

[Reaction Formula 7]

@
-

[0083] 3-(N-carbazolyl)benzenamine 1.5 g (5.8 mmol),
N-(3-bromophenyl)-a-carboline 4.0 g (12.3 mmol), toluene
50 ml, sodium-tert-butoxide 2.2 g (23 mmol), Pd2(dba)3 0.3
£ (0.3 mmol), and tris-tert-butylphosphine 0.4 g (2 mmol) are
putina 100 ml two-neck flask and refluxed for 12 hours under
a condition of nitrogen. After completion of the reaction, the
reaction mixture is cooled into a room temperature and tolu-
ene is removed. Methanol 100 ml is added and cooled into a
0°C. Theresulting solution is filtered. The resulting residence
is filtered by column chromatrography with acetone and hex-
ane of 1:2 such that white powder 3.4 g is obtained. (yield:
81%)

1@%@ é@

A
e
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[0084] The phosphorescent compound of 3,3'-di(N-y-car-
bolinyl)-3"-(N-carbazolyl)-triphenylamine (mDGCTA) rep-
resented by

in the above Formula 6 is synthesized by following synthesis.

1. Synthesis of N-(3-bromophenyl)-y-carboline

[0085] N-(3-bromophenyl)-y-carboline is synthesized by
following Reaction Formula 8.

[Reaction Formula 8]

cavEME

Br
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[0086] y-carboline 4 g (23.8 mmol), 4-iodo-bromobenzene
8.1 ¢ (28.5mmol), Cul 0.58 g, 1,2-cyclohexyldiamine 0.68 g,
K,PO, 12.6 g and dioxane 100 ml are put in a 250 ml two-
neck flask and refluxed for 12 hours. The solution is filtered
and extracted. Then, the solid is dissolved with ethylacetate,
and the resulting residence is filtered by silicagel chromatog-
raphy such that solid 5.0 g is obtained. (yield: 86%)

2. Synthesis of 3,3'-di(N-y-carbolinyl)-3"-(N-carba-
zolyl)-triphenylamine

[0087] 3.3'-di(N-y-carbolinyl)-3"-(N-carbazolyl)-triph-
enylamine is synthesized by following Reaction Formula 9.
[Reaction Formula 9]

e
aSalate

o
G

G0

[0088] 3-(N-carbazolyl)benzenamine 1.5 g (5.8 mmol),
N-(3-bromophenyl)-y-carboline 4.0 g (12.3 mmol), toluene
50 ml, sodium-tert-butoxide 2.2 g (23 mmol), Pd2(dba)3 0.15
g, and 1,1"-bis(diphenylphosphino)-ferrocene 0.2 g are put in
a 100 ml two-neck flask and refluxed for 12 hours under a
condition of nitrogen. After completion of the reaction, the
reaction mixture is cooled into a room temperature and tolu-
ene is removed. Methanol 100 ml is added and is filtered. The
resulting residence is filtered by column chromatrography
with tetrahydrofuran (THF) such that white powder 2.2 g is
obtained. (yield: 53%)

)
O N
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[0089] The phosphorescent compound of3,3',3"-(N-a.-car-
bolinyl)-triphenylamine (mTATA) represented by

in the above Formula 6 is synthesized by following synthesis.

1. Synthesis of N-(3-bromophenyl)-ci-carboline

[0090] N-(3-bromophenyl)-a-carboline is synthesized by
following Reaction Formula 10.

Reaction Formula 10
I
el
N N
=
+ .
N
Br
Br
N
N
7\
e

[0091] c-carboline 7.3 g (43.4 mmol), 3-iodo-bromoben-
zene 13.6 g (48 mmol), Cul 0.58 g, 1,2-cyclohexyldiamine
0.68 g, K,PO, 18.4 g and dioxane 100 ml are put in a 250 ml
two-neck flask and refluxed for 12 hours. The solution is
filtered and extracted. Then, the solid is dissolved with meth-
ylene chloride, and the resulting residence is filtered by sili-
cagel chromatography such that solid 8.4 g is obtained.
(vield: 60%)
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2. Synthesis of 3,3',3"-(N-a-carbolinyl)-tripheny-
lamine

[0092] 3.3'3"-(N-c-carbolinyl)-triphenylamine is synthe-
sized by following Reaction Formula 11.

Reaction Formula 11

N N=
SN
N : N. ;
N N
7\

[0093] 3-(N-a-carbazolyl)benzenamine 1.5 g (5.8 mmol),
N-(3-bromophenyl)-a-carboline 4.0 g (12.3 mmol), toluene
50 ml, sodium-tert-butoxide 2.2 g (23 mmol), Pd2(dba)3 0.3
£ 0.3 mmol), and tris-tert-bytylphosphine 0.4 g (2 mmol) are
putina 100 ml two-neck flask and refluxed for 12 hours under
a condition of nitrogen. After completion of the reaction, the
reaction mixture is cooled into a room temperature and tolu-
ene is removed. Methanol 100 ml is added and cooled into a
0° C. The resulting solution is filtered. The resulting residence
is filtered by column chromatrography with acetone and hex-
ane of 1:2 such that white powder 3.5 g is obtained. (yield:
84%)

[0094] FIGS.5A and 5B show UV spectrums and PL spec-
trums of phosphorescent compounds in the third embodiment
of the present invention. As shown in FIGS. 5A and 5B, the
phosphorescent compounds according to the third embodi-
ment of the present invention have a triplet energy above 2.8
eV. A triplet energy of the phosphorescent compounds in the
present invention is larger than that of the related art com-
pound, i.e., CBP, and that of the related art phosphorescent
dopant. Accordingly, an energy counter-transition from the
dopant to the host is prevented such that an emission yield is
improved.

[0095] In addition, since the phosphorescent compound in
the third embodiment of the present invention has the triplet
energy larger than the dopant, the phosphorescent compound
can be used for the hole transporting layer or the electron
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transporting layer. An energy counter-transition from the
dopant to the hole transporting layer or the electron transport-
ing layer is also prevented.

[0096] Furthermore, since the phosphorescent compound
has an excellent solubility, the device can be formed by a
coating process. Namely, the related art phosphorescent com-
pound, i.e., CBP, has low solubility such that the device is
formed by a deposition process. However, since phosphores-
cent compound has an excellent solubility, the device can be
formed by a coating process such that a fabrication process is
simplified and production cost is reduced.

[0097] Referring again FIG. 4, the OELD includes a first
substrate (not shown), a second substrate (not shown) and an
organic electroluminescent diode E between the first and
second substrates.

[0098] The organic electroluminescent diode E includes a
first electrode 110, a second electrode 130 and an organic
emitting layer 120. The first electrode 110 is formed of a
material having a relatively high work function to serve as an
anode. For example, the first electrode 110 may be formed of
indium-tin-oxide (ITO). The second electrode 130 is formed
of a material having a relatively low work function to serve as
a cathode. For example, the second electrode 130 may be
formed of aluminum (Al) or Al alloy.

[0099] The organic emitting layer 120 includes red, green
and blue organic emitting pattern. To increase an emission
efficiency, the organic emitting layer 120 includes a hole
injection layer (HTL) 121, a hole transporting layer (HIL)
122, an emitting material layer (EML) 123, an electron trans-
porting layer (ETL) 124 and an electron injection layer (EIL)
125.

[0100] At least one of the emitting material layer 123, the
hole transporting layer 122 and the electron transporting layer
124 includes the phosphorescent compound in the above
Formula 5.

[0101] For example, when the emitting material layer 123
includes the phosphorescent compound in the above Formula
5 as a host, a dopant is doped with a Weight % of about 1to 10.
Since the phosphorescent compound as the host has the triple
energy larger than the dopant, an energy counter-transition
from the dopant to the host is prevented. As a result, an
emission efficiency is improved. For example, the dopant
may be iridium-bis(4,6-difluorophenylpyridineato-N,C2)-
picolinate (Flrpic).

[0102] On the other hand, when the hole transporting layer
122 and/or the electron transporting layer 124 includes the
phosphorescent compound in the above Formula 5, an energy
counter-transition from the dopant to the hole transporting
layer 122 and/or the electron transporting layer 124 is pre-
vented because a triplet energy of the phosphorescent com-
pound is larger than that of the dopant.

[0103] In addition, since the phosphorescent compound in
the third embodiment has an excellent solubility, the device
can be fabricated by a coating process. As a result, a fabricat-
ing process is simplified and production cost is reduced.

Fourth Embodiment

[0104] A phosphorescent compound according to the
fourth embodiment of the present invention includes a struc-
ture of tri-phenyl amine derivatives represented by following
Formula 7. Namely, three carboline groups are substituted at
a para-position of tri-phenyl amine.
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[Formula 7]
R2+ N
—

: / \Z2.

Xz:Yé

[0105] Inthe above Formula7,eachofX1,X2,X3,Y1,Y2,
Y3,71, 72 and 73 is one of carbon and nitrogen, and at least
oneofX1,X2,X3,Y1,Y2,Y3,71, 72 and 73 is nitrogen. For
example, when X1 is nitrogen and both of Y1 and Z1 are
carbon, carboline is referred to as a-carboline. When Y1 is
nitrogen and both of X1 and Z1 are carbon, carboline is
referred to as -carboline. When Z1 is nitrogen and both of
X1 and Y1 are carbon, carboline is referred to as y-carboline.
[0106] In addition, in the above Formula 7, each of R1,R2
and R3 is one of hydrogen (H), fluorine (F), chlorine (Cl),
aliphatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl group,
alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group
and aryl amino group. For example, the aliphatic group may
include C1 to C20 aryl and C1 to C20 alkyl, and the aromatic
group may include phenyl, naphthyl, biphenyl, terphenyl and
phenanthrenyl.

[0107] The phosphorescent compound in Formula 7 is one
of compounds in following Formula 8.

[Formula 8]

\
N
N

SUSAN

\_/
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-continued
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[0108] The phosphorescent compound represented by

\
N

~ 0

L/

in the above Formula 8 is synthesized by following synthesis.
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1. Synthesis of N-(4-nitrophenyl)-a-carboline

[0109] N-(4-nitrophenyl)-a-carboline is synthesized by
following Reaction Formula 12.

[Reaction Formula 12]

F
H
N N
7
_ —
X
NO,
NO,
N,
N.
7\
e

[0110] o-carboline 10 g (60 mmol), 4-fluoronitrobenzene
8.6 g (61 mol), NaH 1.58 g (66 mmol) and DMF 100 m] are
putina 250 ml two-neck flask and refluxed for 12 hours. After
completion of the reaction, the reaction mixture is precipi-
tated by adding 100 ml water and filtered such that 174 g
solid is obtained. (57%)

2. Synthesis of 4-(N-a-carbazolyl)benzenamine

[0111] 4-(N-a-carbazolyl)benzenamine is synthesized by
following Reaction Formula 13.

Reaction Formula 13

2 G
5O G0

[0112] N-(4-nitrophenyl)-a-carboline 7 g (23.8 mmol),
SnC12 16.31 g (72.1 mmol) and ethanol 100 ml are put in a
250 ml two-neck flask and refluxed for 4 hours. After comple-
tion of the reaction, the reaction mixture is neutralized by
adding NaOH and extracted by using ether. Next, the result-
ing residence is distilled such that 4-(N-c.-carbazolyl)benze-
namine 5.2 g is obtained. (84%)
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3. Synthesis of N-(4-bromophenyl)-a.-carboline

[0113] N-(4-bromophenyl)-a-carboline is synthesized by
following Reaction Formula 14.

Reaction Formula 14

1
H
N
N.
+ —
Br

B,
N
N
7\

[0114] o-carboline 8 g (47.6 mmol), 4-iodo-bromobenzene
20 g (70.6 mol), Cul 0.58 g, 1,2-cyclohexyldiamine 0.68 g,
K3PO4 25.4 g and dioxane 150 ml are put in a 250 ml
two-neck flask and refluxed for 12 hours. After adding water
150 ml and precipitating, the resulting residence is filtered by
silicagel chromatography with methylene chloride such that
9.3 g solid is obtained. (60%)

4. Synthesis of 4,4',4"-(N-a-carbolinyl)-tripheny-
lamine

[0115] 4.4'4"-(N-a-carbolinyl)-triphenylamine is synthe-
sized by following Reaction Formula 15.

Reaction Formula 15
NH, B,
+ B
N. N
N N.
\ \
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-continued

\
N
N

~ 0

L/

[0116] 4-(N-a-carbazolyl)benzenamine 2 g (7.7 mmol),
N-(4-bromophenyl)-a.-carboline 5.5 g (18 mmol), toluene 50
ml, sodium tert-butoxide 2.2 g (23 mmol), Pd2(dba)3 0.3 g
(0.3 mmol) and tris-tert-butylphosphine 0.4 g (2 mmol) are
putina 100 ml two-neck flask and refluxed under a condition
of nitrogen and for 12 hours. After completion of the reaction,
the resulted mixture is cooled to a room temperature and
precipitated by adding methanol 100 ml. Then, the mixture is
resolved in methylenehloride and absorbed by silicagel. The
mixture is filtered by silicagel column chromatography with
THF such that white powder 3.4 g is obtained. (yield: 60%)

Fifth Embodiment

[0117] A phosphorescent compound according to the fifth
embodiment of the present invention includes a structure of
tri-phenyl amine derivatives represented by following For-
mula 9. Namely, two carboline groups and one carbazole
group are respectively substituted at a para-position of tri-
phenyl amine.

[Formula 9]
/" rs Rl N\
\ |
[ =
rasd NN N/ \Z7
= X2:Y2/
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[0118] Inthe above Formula 9, each of X1,X2,Y1,Y2, Z1

and 72 is one of carbon and nitrogen, and at least one of X1, -continued
X2,Y1,Y2, 71 and 72 is nitrogen. For example, when X1 is
nitrogen and both of Y1 and Z1 are carbon, carboline is
referred to as a-carboline. When Y1 is nitrogen and both of
X1 and 71 are carbon, carboline is referred to as p-carboline.
When 71 is nitrogen and both of X1 and Y1 are carbon,
carboline is referred to as y-carboline. \ /
[0119] Inaddition,in the above Formula 9, each of R1, R2, N

R3 and R4 is one of hydrogen (H), fluorine (F), chlorine (Cl),

aliphatic group, aromatic group, alkyl silyl group, aryl silyl

group, alkoxy group, aryloxy group, alkyl phosphoryl group,

alkyl sulfuryl group, aryl sulfuryl group, alkyl amino group

and aryl amino group. For example, the aliphatic group may

include C1 to C20 aryl and C1 to C20 alkyl, and the aromatic N
group may include phenyl, naphthyl, biphenyl, terphenyl and
phenanthrenyl. O
N N

[0120] The phosphorescent compound in Formula 9 is one
of compounds in following Formula 10.

=N

[Formula 10]
—
\
N

[0121] The phosphorescent compound represented by

WP ar
B oo
R

in the above Formula 10 is synthesized by following synthe-
sis.

N

T
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1. Synthesis of 4,4'-(N-a-carbolinyl)-4"-(N-carba-
zolyl)-triphenylamine

[0122] 4.4'-di(N-a-carbolinyl)-4"-(N-carbazolyl)-triph-
enylamine is synthesized by following Reaction Formula 16.

C

O C

Reaction Formula 16

(2
O

Y

[0123] 4-(N-carbazolyl)benzenamine 2 g (7.7 mmol),
N-(4-bromophenyl)-a-carboline 5.5 g (18 mmol), toluene 50
ml, sodium-tert-butoxide 2.2 g (23 mmol), Pd2(dba)3 03 g
(0.3 mmol) and tris-tert-butylphosphine 0.4 g (2 mmol) are
putina 100 ml two-neck flask and refluxed under a condition
of nitrogen and for 12 hours. After completion of the reaction,
the resulted mixture is cooled to a room temperature and
precipitated by adding methanol 100 ml. Then, the mixture is
resolved in methylenehloride and absorbed by silicagel. The
mixture is filtered by silicagel column chromatography with
THEF such that white powder 3.7 g is obtained. (yield: 65%)

Sixth Embodiment

[0124] A phosphorescent compound according to the sixth
embodiment of the present invention includes a structure of
tri-phenyl amine derivatives represented by following For-
mula 11. Namely, one carboline group and two carbazole
groups are respectively substituted at a para-position of tri-
phenyl amine.

May 3,2012
[Formula 11]
7 N
[
RS 7
'R
N
7Y / A
\ g
7 ==
[0125] Inthe above Formula 11, each of X,Y and Z is one

of carbon and nitrogen, and at least one of X, Y and Z is
nitrogen. For example, when X is nitrogen and both of Y and
Z are carbon, carboline is referred to as a-carboline. When'Y
is nitrogen and both of X and Z are carbon, carboline is
referred to as B-carboline. When Z is nitrogen and both of X
andY are carbon, carboline is referred to as y-carboline.
[0126] In addition, in the above Formula 11, each of R1,
R2, R3, R4 and RS is one of hydrogen (H), fluorine (F),
chlorine (Cl), aliphatic group, aromatic group, alkyl silyl
group, aryl silyl group, alkoxy group, aryloxy group, alkyl
phosphory! group, alkyl sulfuryl group, aryl sulfuryl group,
alkyl amino group and aryl amino group. For example, the
aliphatic group may include C1 to C20 aryl and C1 to C20
alkyl, and the aromatic group may include phenyl, naphthyl,
biphenyl, terphenyl and phenanthrenyl.

[0127] Thephosphorescent compound in Formula 11is one
of compounds in following Formula 12.

[Formula 12]

\
N

JSRON
o O
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[0128] The phosphorescent compound represented by

\
N N

AT 00
9 9

in the above Formula 12 is synthesized by following synthe-
sis.
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1. Synthesis of 4-(N-a.-carbolinyl)-4',4"-di(N-carba-
zolyl)-triphenylamine

[0129] 4-(N-a-carbolinyl)-4',4"-di(N-carbazolyl)-triph-
enylamine is synthesized by following Reaction Formula 17.

Reaction Formula 17

o= A
9 ¥

[0130]
bromophenyl)-a-carbazole 5.5 g (18 mmol), toluene 50 ml,
sodium-tert-butoxide 2.2 g (23 mmol), Pd2(dba)3 0.3 g (0.3
mmol) and tris-tert-butylphosphine 0.4 g (2 mmol) are put in
a 100 ml two-neck flask and refluxed under a condition of

4-(N-carbolinyl)benzenamine 2 g (7.7 mmol), N-(4-

nitrogen and for 12 hours. After completion of the reaction,
the resulted mixture is cooled to a room temperature and
precipitated by adding methanol 100 ml. Then, the mixture is
resolved in methylenehloride and absorbed by silicagel. The
mixture is filtered by silicagel column chromatography with
THEF such that white powder 3.6 g is obtained. (yield: 63%)

[0131]
phosphorescent compounds in the fourth to sixth embodi-

FIG. 6 shows UV spectrums and PL spectrums of

ments of the present invention. FIG. 6 shows the spectrums of
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\

~ L

L/

in the above Formula 8 (“TATA” line),

\ /
N
N

A O
9 P

in the above Formula 10 (“DACTA” line), and
—
\_/
N
N

A0 0
9 ¥

in the above Formula 12 (“ADCTA” line).
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[0132] AsshowninFIG. 6, the phosphorescent compounds
according to the fourth to sixth embodiments of the present
invention have a triplet energy above 2.8 eV. A triplet energy
of the phosphorescent compounds in the present invention is
larger than that of the related art compound, i.e., CBP, and that
of the related art phosphorescent dopant. Accordingly, an
energy counter-transition from the dopant to the host is pre-
vented such that an emission yield is improved.

[0133] In addition, since the phosphorescent compound in
the fourth to sixth embodiments of the present invention has
the triplet energy larger than the dopant, the phosphorescent
compound can be used for the hole transporting layer or the
electron transporting layer. An energy counter-transition
from the dopant to the hole transporting layer or the electron
transporting layer is also prevented.

[0134] Referring to FIG. 4, which is a schematic cross-
sectional view of an OELD according to the present inven-
tion, the OELD includes a first substrate (not shown), a sec-
ond substrate (not shown) and an organic electroluminescent
diode E between the first and second substrates.

[0135] The organic electroluminescent diode E includes a
first electrode 110, a second electrode 130 and an organic
emitting layer 120. The first electrode 110 is formed of a
material having a relatively high work function to serve as an
anode. For example, the first electrode 110 may be formed of
indium-tin-oxide (ITO). The second electrode 130 is formed
of a material having a relatively low work function to serve as
a cathode. For example, the second electrode 130 may be
formed of aluminum (Al) or Al alloy.

[0136] The organic emitting layer 120 includes red, green
and blue organic emitting pattern. To increase an emission
efficiency, the organic emitting layer 120 includes a hole
injection layer (HTL) 121, a hole transporting layer (HIL)
122, an emitting material layer (EML) 123, an electron trans-
porting layer (ETL) 124 and an electron injection layer (EIL)
125.

[0137] At least one of the emitting material layer 123, the
hole transporting layer 122 and the electron transporting layer
124 includes the phosphorescent compound in one of the
above Formulas 7, 9 and 11.

[0138] For example, when the emitting material layer 123
includes the phosphorescent compound in one of the above
Formulas 7,9 and 11 as a host, a dopant is doped with a weight
% of about 1 to 10. Since the phosphorescent compound as
the host has the triple energy larger than the dopant, an energy
counter-transition from the dopant to the host is prevented. As
aresult, an emission efficiency is improved. For example, the
dopant may be iridium-bis(4,6-difluorophenylpyridineato-N,
C2)-picolinate (Flrpic).

[0139] On the other hand, when the hole transporting layer
122 and/or the electron transporting layer 124 includes the
phosphorescent compound in one of the above Formulas 7, 9
and 11, an energy counter-transition from the dopant to the
hole transporting layer 122 and/or the electron transporting
layer 124 is prevented because a triplet energy of the phos-
phorescent compound is larger than that of the dopant.
Accordingly, the OELD has an improved energy efficiency.
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[0140] A phosphorescent compound according to the sev-

enth embodiment of the present invention includes one car-
boline group and one carbazole group at para-positions or
meta-positions of benzene ring. The phosphorescent com-
pound is represented by following Formulas 13 and 14.

[Formula 13]
Rl\/ \/R2
AN
N
[
Y
/
RiL ==7
N
\_/
_ ]
X
Ry
[Formula 14]
R
I N
F
N\
—/ R,
N
B
Y
/
RyL ==7
N
\_/
]
X
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[0141] Inthe above Formulas 13 and 14, each of X,Y, Z is
one of carbon and nitrogen, and at least one of X, Y, 7 is
nitrogen. For example, when X is nitrogen and both of Y and
Z are carbon, carboline is referred to as a.-carboline. WhenY
is nitrogen and both of X and Z are carbon, carboline is
referred to as 3-carboline. When 7 is nitrogen and both of X
andY are carbon, carboline is referred to as y-carboline.
[0142] In addition, in the above Formulas 13 and 14, each
of R1, R2, R3 and R4 is one of hydrogen (H), fluorine (F),
chlorine (Cl), aliphatic group, aromatic group, alkyl silyl
group, aryl silyl group, alkoxy group, aryloxy group, alkyl
phosphoryl group, alkyl sulfuryl group, aryl sulfuryl group,
alkyl amino group and aryl amino group. For example, the
aliphatic group may include C1 to C20 aryl and C1 to C20
alkyl, and the aromatic group may include phenyl, naphthyl,
biphenyl, terphenyl and phenanthrenyl.

[0143] The phosphorescent compound in Formulas 13 and
14 is one of compounds in following Formula 15.

Qo
o

s

Formula 15]

X
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1ndlcates text missing or illegible when filed

[0144] The phosphorescent compound represented by

in the above Formula 15 is synthesized by following synthe-
O sis.

1. Synthesis of N-(4-iodophenyl)-carbazole

N
Q [0145] N-(4-iodophenyl)-carbazole is synthesized by fol-
lowing Reaction Formula 18.

[Reaction Formula 18]
7\
N N I I
= NH
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3. Synthesis of 8-(N-carbazolyl)-y-carboline
-continued
I [0149] 8-(N-carbazolyl)-y-carboline is synthesized by fol-

lowing Reaction Formula 20.
o
[Reaction Formula 20]
N
X
—_—
N
N Br 7

[0146] Carbazole 10 g (59.4 mmol), 1,4-di-iodobenzene
21.5 g (65.34 mmol), K3PO4 18.9 g, Cul 1.13 g, 1,2-diami-
nocyclohexane 1.45 g and 1,4-dioxane 100ml are putina 250
ml two-neck flask and refluxed for 12 hours. Water 100 ml is
added to precipitate. The residence is filtered by a column
chromatography with methylene chloride and hexane of 1:3
such that solid 7.0 g is obtained. (yield: 30%)

2. Synthesis of
N-(4-N-carbazole)phenyl-3-bromopyridin-4-amine

[0147] N-(4-N-carbazole)phenyl-3-bromopyridin-4-

amine is synthesized by following Reaction Formula 19.
[0150] N-(4-N-carbazolyl)phenyl-3-bromopyridin-4-
amine 10 g (24 mmol), pd(acetate)2 0.18 g, 2-(dicyclohexy-
Iphosphino)biphenyl 0.5 g, undecene 6 ml and dimethyl

[Reaction Formula 19] acetamide 50 ml are put in a 100 ml two-neck flask and

refluxed for 24 hours. After completion of the reaction, the
reaction mixture is cooled and water 50 ml is added such that

1
N sediment 4.1 g is obtained. (yield: 49%)
N —
+ Br \ / — 4. Synthesis of N-(4-(N-carbazole)pheny!)-8-(N-

N carbazole)-y-carboline
[0151] N-(4-(N-carbazole)phenyl)-8-(N-carbazole)-y-car-
boline carboline is synthesized by following Reaction For-

Q N

mula 21,

X .
[Reaction Formula 21]
N H
Br & N
N

Zm

[0148] N-(4-iodophenyl)-carbazole 10 g (27.1 mmol),
3-bromopyridin-4-amine 4.68 g (27.1 mmol), sodium-tert-
butoxide 5.2 g, Pd,(dba), 0.49 g, xanthophos 0.62 g and
toluene 80 ml are put in a 100 m1 two-neck flask and refluxed
for 24 hours. After completion of the reaction, toluene is N

removed by distillation under reduced pressure and water 100
ml is added. The resulting solution is extracted using ethyl
acetate and filtered by column chromatrography such that

solid 10 g is obtained. (yield: 88%)
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-continued

[0152] 8-(N-carbazolyl)-y-carboline 4.0 g (11.9 mmol),
N-(4-iodophenyl)-carbazole 5.0 g (13.5 mmol), dioxane 50
ml, Cul 0.2 g, trans-diaminocyclohexane 0.3 gand K;PO, 4 g
are put in a 100 ml two-neck flask and refluxed for 12 hours.
After completion of the reaction, the resulting solution is
filtered to remove salt. Water 50 ml is added into the solution
to precipitate. The residence is filtered by column chroma-
trography with ethylene acetate and hexane of 1:1 such that
white powder 2.5 g is obtained. (yield: 50%)

[0153] FIG. 7 shows a UV spectrum and a PL, spectrum of
a phosphorescent compound according to the seventh
embodiment of the present invention. FIG. 6 shows the spec-
trums of

QL
)~

in the above Formula 15.

[0154] AsshowninFIG. 7, the phosphorescent compounds
according to the seventh embodiment of the present invention
have a triplet energy above 2.8 eV. A triplet energy of the
phosphorescent compounds in the present invention is larger
than that of the related art compound, i.e., CBP, and that of the
related art phosphorescent dopant. Accordingly, an energy
counter-transition from the dopant to the host is prevented
such that an emission yield is improved.

26
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[0155] 1In addition, since the phosphorescent compound in
the seventh embodiment of the present invention has the
triplet energy larger than the dopant, the phosphorescent
compound can be used for the hole transporting layer or the
electron transporting layer. An energy counter-transition
from the dopant to the hole transporting layer or the electron
transporting layer is also prevented.

[0156] Referring to FIG. 4, which is a schematic cross-
sectional view of an OELD according to the present inven-
tion, the OELD includes a first substrate (not shown), a sec-
ond substrate (not shown) and an organic electroluminescent
diode E between the first and second substrates.

[0157] The organic electroluminescent diode E includes a
first electrode 110, a second electrode 130 and an organic
emitting layer 120. The first electrode 110 is formed of a
material having a relatively high work function to serve as an
anode. For example, the first electrode 110 may be formed of
indium-tin-oxide (ITO). The second electrode 130 is formed
of a material having a relatively low work function to serve as
a cathode. For example, the second electrode 130 may be
formed of aluminum (Al) or Al alloy.

[0158] The organic emitting layer 120 includes red, green
and blue organic emitting pattern. To increase an emission
efficiency, the organic emitting layer 120 includes a hole
injection layer (HTL) 121, a hole transporting layer (HIL)
122, an emitting material layer (EML) 123, an electron trans-
porting layer (ETL) 124 and an electron injection layer (EIL)
125.

[0159] At least one of the emitting material layer 123, the
hole transporting layer 122 and the electron transporting layer
124 includes the phosphorescent compound in one of the
above Formulas 13 and 14.

[0160] For example, when the emitting material layer 123
includes the phosphorescent compound in one of the above
Formulas 13 and 14 as a host, a dopant is doped with a weight
% of about 1 to 10. Since the phosphorescent compound as
the host has the triple energy larger than the dopant, an energy
counter-transition from the dopant to the host is prevented. As
aresult, an emission efficiency is improved. For example, the
dopant may be iridium-bis(4,6-difluorophenylpyridineato-N,
C2)-picolinate (Flrpic).

[0161] On the other hand, when the hole transporting layer
122 and/or the electron transporting layer 124 includes the
phosphorescent compound in one of the above Formulas 13
and 14, an energy counter-transition from the dopant to the
hole transporting layer 122 and/or the electron transporting
layer 124 is prevented because a triplet energy of the phos-
phorescent compound is larger than that of the dopant.
Accordingly, the OELD has an improved energy efficiency.
[0162] 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.
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What is claimed is:
1. A phosphorescent compound, represented by following
Formula:

B o

Y272

[Formula]

wherein each of X1,X2,X3,Y1,Y2,Y3,71,7Z2 and Z3 is
one of carbon and nitrogen, and at least one of X1, X2,
X3,Y1,Y2,Y3. 71, 72 and 73 is nitrogen, and wherein
each of R1, R2 and R3 is one of hydrogen (H), fluorine
(F). chlorine (Cl), aliphatic group, aromatic group, alkyl
silyl group, aryl silyl group, alkoxy group, aryloxy
group, alkyl phosphoryl group, alkyl sulfuryl group, aryl
sulfuryl group, alkyl amino group and aryl amino group.
2. The compound according to claim 1, wherein the ali-
phatic group includes C1 to C20 aryl and C1 to C20 alkyl, and
the aromatic group includes phenyl, naphthyl, biphenyl, ter-
phenyl and phenanthrenyl.
3. A phosphorescent compound, represented by following
Formula:

- [Formula]
7 -
R5—— |
NN N
27Ny a
| P T,
N N \
., [
/
1 NX

wherein each of X, Y, Z is one of carbon and nitrogen, and

at least one of X, Y, Z is nitrogen, and wherein each of

R1,R2,R3, R4 and RS is one of hydrogen (H), fluorine

(F), chlorine (Cl), aliphatic group, aromatic group, alkyl

silyl group, aryl silyl group, alkoxy group, aryloxy

group, alkyl phosphoryl group, alkyl sulfuryl group, aryl

sulfuryl group, alkyl amino group and aryl amino group.

4. The compound according to claim 3, wherein the ali-

phatic group includes C1 to C20 aryl and Cl1 to C20 alkyl, and

the aromatic group includes phenyl, naphthyl, biphenyl, ter-
phenyl and phenanthrenyl.
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5. An organic electroluminescent device, comprising;

a first electrode;

a second electrode facing the first electrode; and

an emitting material layer between the first and second
electrodes,

wherein the emitting material layer includes a host repre-
sented by following Formula and a dopant,

[Formula]
=73

\/\//\Y3

X3
X3

B OF

Yo—Z2

wherein each of X1, X2, X3,Y1,Y2,Y3, 21,72 and 73 is
one of carbon and nitrogen, and at least one of X1, X2,
X3,Y1,Y2,Y3, 71,72 and 73 is nitrogen, and wherein
each of R1, R2 and R3 is one of hydrogen (H), fluorine
(F), chlorine (Cl), aliphatic group, aromatic group, alkyl
silyl group, aryl silyl group, alkoxy group, aryloxy
group, alkyl phosphoryl group, alkyl sulfuryl group, aryl
sulfuryl group, alkyl amino group and aryl amino group.

6. The device according to claim 5, further comprising:

a hole injection layer between the first electrode and the
emitting material layer;

a hole transporting layer between the hole injection layer
and the emitting material layer;

an electron injection layer between the second electrode
and the emitting material layer; and

an electron transporting layer between the electron injec-
tion layer and the emitting material layer,

wherein at least one of the hole transporting layer and the
electron transporting layer is formed of the host.

7. An organic electroluminescent device, comprising:

a first electrode;

a second electrode facing the first electrode; and

an emitting material layer between the first and second
electrodes,

wherein the emitting material layer includes a host repre-
sented by following Formula and a dopant,

[Formula]
R4
7 .
RS— |
NN
27Ny S
| P TR,
N N x
) [
/
AN
R/l \Rz
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wherein each of X, Y, Z is one of carbon and nitrogen, and
at least one of X, 'Y, Z is nitrogen, and wherein each of
R1,R2,R3, R4 and RS is one of hydrogen (H), fluorine
(F). chlorine (Cl), aliphatic group, aromatic group, alkyl
silyl group, aryl silyl group, alkoxy group, aryloxy
group, alkyl phosphoryl group, alkyl sulfuryl group, aryl
sulfuryl group, alkyl amino group and aryl amino group.

8. The device according to claim 7, further comprising:

a hole injection layer between the first electrode and the
emitting material layer;

a hole transporting layer between the hole injection layer
and the emitting material layer;

an electron injection layer between the second electrode
and the emitting material layer; and

an electron transporting layer between the electron injec-
tion layer and the emitting material layer,

wherein at least one of the hole transporting layer and the
electron transporting layer is formed of the host.

9. A phosphorescent compound, represented by following
Formula:

[Formula]

pa
X1=vy]

N

"

Va

¢ \ ] N

\ 12,

Tlem —

wherein each of X1, X2, X3,Y1,Y2,Y3, 71,72 and 73 is
one of carbon and nitrogen, and each of R1, R2 and R3
is one of hydrogen (H), fluorine (F), chlorine (Cl), ali-
phatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl
group, alkyl sulfuryl group, aryl sulfuryl group, alkyl
amino group and aryl amino group.

10. The compound according to claim 9, wherein the ali-
phatic group includes C1 to C20 aryl and Cl1 to C20 alkyl, and
the aromatic group includes phenyl, naphthyl, biphenyl, ter-
phenyl and phenanthrenyl.

11. An organic electroluminescent device, comprising;

a first electrode;

a second electrode facing the first electrode; and

an emitting material layer between the first and second

electrodes,

wherein the emitting material layer includes a host repre-

sented by following Formula and a dopant,
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[Formula]

RI\I’ N
—

N

71
X1§Y1/
N
X2 N
v O\ N
\ ~ R,
7)== P

wherein each of X1, X2, X3,Y1,Y2,Y3, 21,72 and 73 is
one of carbon and nitrogen, and each of R1, R2 and R3
is one of hydrogen (H), fluorine (F), chlorine (Cl), ali-
phatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl
group, alkyl sulfuryl group, aryl sulfuryl group, alkyl
amino group and aryl amino group.

12. The device according to claim 11, further comprising:

a hole injection layer between the first electrode and the
emitting material layer;

a hole transporting layer between the hole injection layer
and the emitting material layer;

an electron injection layer between the second electrode
and the emitting material layer; and

an electron transporting layer between the electron injec-
tion layer and the emitting material layer,

wherein at least one of the hole transporting layer and the
electron transporting layer is formed of the host.

13. A phosphorescent compound, represented by following

Formula:

[Formula]
R2+ N\
=
¢ \
72,
X2§Y2/
N
X1 N
WA
\ 7RI
VAR —

wherein each of X1, X2, X3,Y1,Y2,Y3, 21,72 and 73 is
one of carbon and nitrogen, and at least one of X1, X2,
X3,Y1,Y2,Y3, 71,72 and Z3 is nitrogen, and wherein
each of R1, R2 and R3 is one of hydrogen (H), fluorine
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(F). chlorine (Cl), aliphatic group, aromatic group, alkyl
silyl group, aryl silyl group, alkoxy group, aryloxy
group, alkyl phosphoryl group, alkyl sulfuryl group, aryl
sulfuryl group, alkyl amino group and aryl amino group.
14. The compound according to claim 13, wherein the
aliphatic group includes C1 to C20 aryl and C1 to C20 alkyl,
and the aromatic group includes phenyl, naphthyl, biphenyl,
terphenyl and phenanthrenyl.
15. A phosphorescent compound, represented by following
Formula:

[Formula]

/ \\/R3 R2+
T

N\
=

Rl N NS/

72,
/
— X2§Y2
N
X1 N
4
yi¥ \ / A\
\ ~~
Tl o R1

whereineachof X1, X2,Y1,Y2, 71 and Z2is one of carbon
and nitrogen, and at least one of X1, X2,Y1,Y2, Z1 and
72 is nitrogen, and wherein each of R1, R2, R3 and R4
is one of hydrogen (H), fluorine (F), chlorine (Cl), ali-
phatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl
group, alkyl sulfuryl group, aryl sulfuryl group, alkyl
amino group and aryl amino group.

16. The compound according to claim 15, wherein the
aliphatic group includes C1 to C20 aryl and C1 to C20 alkyl,
and the aromatic group includes phenyl, naphthyl, biphenyl,
terphenyl and phenanthrenyl.

17. A phosphorescent compound, represented by following
Formula:

[Formula]

/ \\/R4 m+
T

N R2
N
s \
VN AN
Ve —
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wherein each of X, Y and 7 is one of carbon and nitrogen,
and at least one of X, Y and Z is nitrogen, and wherein
each of R1, R2, R3, R4 and R5 is one of hydrogen (H),
fluorine (F), chlorine (Cl), aliphatic group, aromatic
group, alkyl silyl group, aryl silyl group, alkoxy group,
aryloxy group, alkyl phosphoryl group, alkyl sulfuryl
group, aryl sulfuryl group, alkyl amino group and aryl
amino group.

18. The compound according to claim 17, wherein the
aliphatic group includes C1 to C20 aryl and C1 to C20 alkyl,
and the aromatic group includes phenyl, naphthyl, biphenyl,
terphenyl and phenanthrenyl.

19. An organic electroluminescent device, comprising:

a first electrode;

a second electrode facing the first electrode; and

an emitting material layer between the first and second

electrodes,

wherein the emitting material layer includes a host repre-

sented by following Formula and a dopant,

[Formula]
73w
Y3
\ Rl N
X3
— P
Bt NN 4 \zz
= XZQYZ/

Rl

wherein each of X1, X2, X3,Y1,Y2,Y3, 21,72 and 73 is
one of carbon and nitrogen, and at least one of X1, X2,
X3,Y1,Y2,Y3, 71,72 and 73 is nitrogen, and wherein
each of R1, R2 and R3 is one of hydrogen (H), fluorine
(F), chlorine (Cl), aliphatic group, aromatic group, alkyl
silyl group, aryl silyl group, alkoxy group, aryloxy
group, alkyl phosphoryl group, alkyl sulfuryl group, aryl
sulfuryl group, alkyl amino group and aryl amino group.

20. The device according to claim 19, further comprising:

a hole injection layer between the first electrode and the
emitting material layer;

a hole transporting layer between the hole injection layer
and the emitting material layer;

an electron injection layer between the second electrode
and the emitting material layer; and

an electron transporting layer between the electron injec-
tion layer and the emitting material layer,

wherein at least one of the hole transporting layer and the
electron transporting layer is formed of the host.

21. An organic electroluminescent device, comprising:

a first electrode;

a second electrode facing the first electrode; and

an emitting material layer between the first and second
electrodes,
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wherein the emitting material layer includes a host repre-
sented by following Formula and a dopant,

[Formula]
2

A Rl A\
/

Py X
Y\;l\ \ / g

wherein each of X1, X2,Y1,Y2, Z1 and Z2 is one of carbon
and nitrogen, and at least one of X1, X2,Y1,Y2, 71 and
72 is nitrogen, and wherein each of R1, R2, R3 and R4
is one of hydrogen (H), fluorine (F), chlorine (C1), ali-
phatic group, aromatic group, alkyl silyl group, aryl silyl
group, alkoxy group, aryloxy group, alkyl phosphoryl
group, alkyl sulfuryl group, aryl sulfuryl group, alkyl
amino group and aryl amino group.

22. The device according to claim 21, further comprising:

a hole injection layer between the first electrode and the
emitting material layer;

a hole transporting layer between the hole injection layer
and the emitting material layer;

an electron injection layer between the second electrode
and the emitting material layer; and

an electron transporting layer between the electron injec-
tion layer and the emitting material layer,

wherein at least one of the hole transporting layer and the
electron transporting layer is formed of the host.

23. An organic electroluminescent device, comprising:

a first electrode;

a second electrode facing the first electrode; and

an emitting material layer between the first and second
electrodes,

wherein the emitting material layer includes a host repre-
sented by following Formula and a dopant,

[Formula]

4 Low
=

R3-
i

N\
=

RS#\N

N/\

[ —R/Z_
N
N
AW A
\z\ /\Rl
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wherein each of X, Y and 7 is one of carbon and nitrogen,
and at least one of X, Y and Z is nitrogen, and wherein
each of R1, R2, R3, R4 and R5 is one of hydrogen (H),
fluorine (F), chlorine (Cl), aliphatic group, aromatic
group, alkyl silyl group, aryl silyl group, alkoxy group,
aryloxy group, alkyl phosphoryl group, alkyl sulfuryl
group, aryl sulfuryl group, alkyl amino group and aryl
amino group.

24. The device according to claim 23, further comprising:

a hole injection layer between the first electrode and the
emitting material layer;

a hole transporting layer between the hole injection layer
and the emitting material layer;

an electron injection layer between the second electrode
and the emitting material layer; and

an electron transporting layer between the electron injec-
tion layer and the emitting material layer,

wherein at least one of the hole transporting layer and the
electron transporting layer is formed of the host.

25. A phosphorescent compound, represented by following
Formula:

[Formula]

/Rg_,

N Y,

N X
/ \\/Y
L . ==7
\_/
~ )
X
Ry

wherein each of X, Y, Z is one of carbon and nitrogen, and
at least one of X, Y, Z is nitrogen, and wherein each of
R1,R2,R3 and R4 is one of hydrogen (H), fluorine (F),
chlorine (Cl), aliphatic group, aromatic group, alkyl silyl
group, aryl silyl group, alkoxy group, aryloxy group,
alkyl phosphoryl group, alkyl sulfuryl group, aryl sulfu-
ryl group, alkyl amino group and aryl amino group.
26. The compound according to claim 25, wherein the
aliphatic group includes C1 to C20 aryl and C1 to C20 alkyl,
and the aromatic group includes phenyl, naphthyl, biphenyl,
terphenyl and phenanthrenyl.
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27. A phosphorescent compound, represented by following
Formula:

[Formula]

R,

I N

N X
[
Rl . ==7
\ /
a
X
Ry

wherein each of X, Y, Z is one of carbon and nitrogen, and
at least one of X, Y, Z is nitrogen, and wherein each of
R1,R2, R3 and R4 is one of hydrogen (H), fluorine (F),
chlorine (C1), aliphatic group, aromatic group, alkyl silyl
group, aryl silyl group, alkoxy group, aryloxy group,
alkyl phosphoryl group, alkyl sulfuryl group, aryl sulfu-
ryl group, alkyl amino group and aryl amino group.
28. The compound according to claim 27, wherein the
aliphatic group includes C1 to C20 aryl and C1 to C20 alkyl,
and the aromatic group includes phenyl, naphthyl, biphenyl,
terphenyl and phenanthrenyl.
29. An organic electroluminescent device, comprising:
a first electrode;
a second electrode facing the first electrode; and
an emitting material layer between the first and second
electrodes,
wherein the emitting material layer includes a host repre-
sented by following Formula and a dopant,

[Formula]
Rl\/ \/Rz,
N/ \
N
N
X
[
Rl ==
N
\_/
~ ]
X
Ry
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wherein each of X, Y, Z is one of carbon and nitrogen, and
at least one of X, 'Y, Z is nitrogen, and wherein each of
R1,R2,R3 and R4 is one of hydrogen (H), fluorine (F),
chlorine (Cl), aliphatic group, aromatic group, alkyl silyl
group, aryl silyl group, alkoxy group, aryloxy group,
alkyl phosphoryl group, alkyl sulfuryl group, aryl sulfu-
ryl group, alkyl amino group and aryl amino group.

30. The device according to claim 29, further comprising:

a hole injection layer between the first electrode and the
emitting material layer;

a hole transporting layer between the hole injection layer
and the emitting material layer;

an electron injection layer between the second electrode
and the emitting material layer; and

an electron transporting layer between the electron injec-
tion layer and the emitting material layer,

wherein at least one of the hole transporting layer and the
electron transporting layer is formed of the host.

31. An organic electroluminescent device, comprising;

a first electrode;

a second electrode facing the first electrode; and

an emitting material layer between the first and second
electrodes,

wherein the emitting material layer includes a host repre-
sented by following Formula and a dopant,

[Formula]
R,
B
=
N \
\\Rz,

@ indicates text missing or illegible when filed

wherein each of X, Y, Z is one of carbon and nitrogen, and
at least one of X, Y, Z is nitrogen, and wherein each of
R1,R2,R3 and R4 is one of hydrogen (H), fluorine (F),
chlorine (Cl), aliphatic group, aromatic group, alkyl silyl
group, aryl silyl group, alkoxy group, aryloxy group,
alkyl phosphoryl group, alkyl sulfuryl group, aryl sulfu-
ryl group, alkyl amino group and aryl amino group.

32. The device according to claim 31, further comprising:

a hole injection layer between the first electrode and the
emitting material layer;

a hole transporting layer between the hole injection layer
and the emitting material layer;



US 2012/0104371 Al May 3, 2012
32

an electron injection layer between the second electrode wherein at least one of the hole transporting layer and the
and the emitting material layer; and electron transporting layer is formed of the host.

an electron transporting layer between the electron injec-
tion layer and the emitting material layer, ok oEoE %
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