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(57) ABSTRACT

A cyclometalated transition metal complex exhibiting phos-
phorescence with high efficiency and an organic electrolu-
minescent display device using the same are provided. This
transition metal complex can be used in forming an organic
film of an organic electroluminescent display device. The
transition metal complex can emit light at the wavelength
range of 400 to 650 nm. Further, the complex can emit white
light by using a green light emitting material or a red light
emitting material together.
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CYCLOMETALATED TRANSITION METAL
COMPLEX AND ORGANIC
ELECTROLUMINESCENT DISPLAY DEVICE
USING THE SAME

CLAIM OF PRIORITY

[0001] This application claims the benefit of Korean
Patent Application No. 10-2004-0081060, filed on Oct. 11,
2004, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a cyclometalated
transition metal complex and an organic electroluminescent
display device using the same, and more particularly, to a
cyclometalated transition metal complex that can emit light
at a wavelength range from the blue region to the red region
from triplet metal-to-ligand charge-transfer *MLCT) state,
and an organic electroluminescent display device that
applies the complex as an organic film forming material.

[0004] 2. Description of the Related Art

[0005] An organic electroluminescent display device
(organic electroluminescence (EL) display device) is an
active light-emitting display device employing the phenom-
enon that when an electric current is applied to a thin film
(hereinafter referred to as “organic film”) composed of a
fluorescent or phosphorescent organic compound, the fluo-
rescent or the phosphorescent organic compound emits light
in response to the recombination of electrons and holes in
the organic film. The display device is light, has a structure
of which the components are simple and its manufacturing
process is simple, and ensures wide view angle with high
image quality. Further, the display has the electrical prop-
erties suitable for portable electronic devices, since it can
embody completely high color purity and moving picture,
and can be driven with low power consumption and low
voltage.

1. Field of the Invention

[0006] A general organic electroluminescent display
device has a structure that has an anode formed at the upper
part of a substrate, and a hole transporting layer, a light
emitting layer, an electron transporting layer and a cathode
sequentially formed at the upper part of the anode. Herein,
the hole-transporting layer, the light emitting layer and the
electron-transporting layer are organic films composed of
organic compounds. The driving principle for the organic
electroluminescent display device having such a structure is
as follows. When voltage is applied between the anode and
the cathode, a hole injected from an anode is migrated to a
light-emitting layer via a hole-transporting layer. Mean-
while, an electron is injected from a cathode into a light-
emitting layer via an electron-transporting layer, and carriers
are recombined at the area of the light-emitting layer to form
an exciton. The exciton emits light with a wavelength
corresponding to a band gap of the material when the exciton
decays radiatively.

[0007] The light emitting layer-forming materials are clas-
sified into a fluorescent material using singlet excitons and
a phosphorescent material using triplet excitons, according
to their light-emitting mechanism. The light emitting layer is
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formed of the fluorescent or phosphorescent material alone
or an appropriate host material doped with the fluorescent or
phosphorescent material, and as electrons are excited, sin-
glet excitons and triplet excitons are formed in the host.
Herein, the statistic-forming ratio of the singlet excitons to
the triplet excitons is 1:3.

[0008] The organic electroluminescent display device
using a fluorescent material as a light emitting layer-forming
material has a disadvantage that the triplet excitons formed
in the host are wasted, while the device using a phospho-
rescent material as a light emitting layer-forming material
has an advantage that both of the singlet excitons and the
triplet excitons can be used, and thus the internal quantum
efficiency can reach 100% (Baldo, et al., Nature, Vol. 395,
151-154, 1998). Accordingly, the phosphorescent material
can possess even higher light emitting efficiency when a
phosphorescent material is used as a light emitting layer-
forming material than when a fluorescent material is used.

[0009] When a heavy metal such as Ir, Pt, Rh, Pd, etc. is
incorporated into an organic molecule, triplet state and
singlet state are mixed through spin-orbital coupling
occurred by the heavy metal atom effect. Due to this, the
transition that had been blocked is possible, and the phos-
phorescence can be occurred efficiently even at room tem-
perature.

[0010] Recently, a green material or a red material with
high efficiency employing the phosphorescence of which the
internal quantum efliciency reaches 100% was developed.

[0011] Although transition metal compounds comprising
transition metals such as an iridium, a platinum, etc. as a
highly efficient luminescent material employing phospho-
rescence are reported, the materials that satisfy the proper-
ties required for realizing a full color display with high
efficiency or white light emitting with low power consump-
tion are limited to the green and red regions, and a phos-
phorescent material suitable for the blue region is not
developed. For such reason, there is an obstacle in devel-
oping a phosphorescent full color device.

[0012] To solve such problems, a blue light emitting
material is developing (W002/15645 Al, U.S. Patent Pub-
lication No. 2002/0064681 Al). Further, an organic metal
complex, incorporating a bulky functional group that can
make the HOMO-LUMO difference large by changing the
molecular geometry, or a functional group that has a strong
ligand field (e.g., cyano group), was developed. Besides, an
iriddium complex represented by formula Ir(ppy),P(ph);Y
(wherein Y=CI or CN) (U.S. Patent Publication No. 2002/
0182441 A1), and an iridium (I1I) complex having a cyclo-
metalated ligand, a chelating diphosphine, a chlorine and a
cyano group (U.S. Patent Publication No. 2002/0048689
A1) were developed.

[0013] Further, the US Patent Publication No. 2002/
0134984 discloses a cyclometalated transition metal com-
plex comprised of nitrogen atoms and carbon atoms, and an
organic electroluminescent display device comprising the
same.

[0014] However, all of the above materials do not show
satisfactory properties in terms of color purity, light emitting
efficiency and lifetime, etc.

SUMMARY OF THE INVENTION

[0015] Tt is therefore an object of the present invention to
provide an improved organic film forming material.
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[0016] Tt is also an object of the present invention to
provide an improved organic electroluminescent display
device

[0017] The present invention provides a cyclometalated
transition metal complex that can emit light at a wavelength
range from the blue region to the red region more efficiently
by triplet metal-to-ligand charge-transfer *MLCT) state.

[0018] The present invention also provides an organic
electroluminescent display device that can emit light at a
wavelength range from the blue region to the red region
more efficiently.

[0019] According to an aspect of the present invention,
there is provided a cyclometalated transition metal complex
represented by the formula I below:

0y

R, Ry
- ) \
N
\N Rs
M /K
N 0
2
. Ry 3l
[0020] wherein
[0021] M is a transition metal;

[0022] each of R;, R,, R, and R, is a substituent or a
hydrogen atom;

[0023] X is N or C;

[0024] each of CY1 and CY2 is an aromatic ring or an
aliphatic ring; and

[0025]

[0026] According to another aspect of the present inven-
tion, there is provided an organic electroluminescent display
device including an organic film between a pair of elec-
trodes, wherein the organic film comprises a cyclometalated
transition metal complex represented by the formula 1.

[0027] The R, R,, R; and R, may be independently a
hydrogen atom, or any substituent selected from the group
consisting of an alkyl group (preferably C,-C,,, more pref-
erably C,-C,,, most preferably C,-C,,), an alkenyl group
(preferably C,-C,,, more preferably C,-C,,, most prefer-
ably C,-C,,), an alkynyl group (preferably C,-C,,, more
preferably C,-C,,, most preferably C,-C,,), an aryl group
(preferably C4-C,,, more preferably C,-C,o, most prefer-
ably C4-C,,), an amino group (preferably C,-C,,, more
preferably C,-C,;, most preferably C,-C,;), an alkoxy
group (preferably C,-C,,, more preferably C,-C,,, most
preferably C,-C,,), an aryloxy group (preferably C-Cs,,
more preferably C4-C,,, most preferably C4-C, ,), a hetero-
cyclicoxy group (preferably C,-C,, more preferably
C,-C,g, most preferably C,-C, ), an acyl group (preferably
C,-C;4, more preferably C,-C,,, most preferably C,-C,,),
an alkoxycarbonyl group (preferably C,-C,,, more prefer-
ably C,-C,,, most preferably C,-C,,), an aryloxycarbonyl
group (preferably C,-C,,, more preferably C,-C,,, most
preferably C,-C,,), an acyloxy group (preferably C,-Cs,,
more preferably C,-C,,, most preferably C,-C,,), an acy-
lamino group (preferably C,-C;,, more preferably C,-C,,
most preferably C,-C,,), an alkoxycarbonylamino group

nl is 1 or 2.
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(preferably C,-C,,, more preferably C,-C,,, most prefer-
ably C,-C,,), an aryloxycarbonylamino group (preferably
C,-Cs,, more preferably C,-C,,. most preferably C.-C,,), a
sulfonylamino group (preferably C,-C,,, more preferably
C,-Cy, most preferably C,-C,,), a sulfamoyl group (pref-
erably C,-C,,, more preferably C,-C,,, most preferably
Cy-C,5), a carbamoyl group (preferably C,-C,, more pref-
erably C,-C,,, most preferably C,-C,,), an alkylthio group
(preferably C,-C,,, more preferably C,-C,,, most prefer-
ably C,-C,,), an arylthio group (preferably C,-C,,, more
preferably C,-C,,, most preferably C,-C,,), a heterocy-
clicthio group (preferably C,-C;,, more preferably C,-C,,,
most preferably C,-C,,), a sulfonyl group (preferably
C,-C,,, more preferably C,-C,,, most preferably C,-C, ), a
sulfinyl group (preferably C,-C,,, more preferably C,-C,,
most preferably C,-C,,), an ureido group (preferably
C,-C5y, more preferably C,-C,,,, most preferably C,-C,,), a
phophoramide group (preferably C,-C,,, more preferably
C,-C,p, most preferably C,-C,,), a hydroxyl group, a mer-
capto group, a halogen atom, a cyano group, a sulfo group,
a carboxyl group, a nitro group, a hydroxamic group, a
sulfino group, a hydrazino group, an imino group, a hetero-
cyclic group (preferably C,-C,,, more preferably C,-C,,), a
silyl group (preferably C,-C,,, more preferably C,-C,,,
most preferably C;-C,,) and a silyloxy group (preferably
C;-C,g, more preferably C;-C,,, most preferably C;-C,,).

[0028] The cyclometalated transition metal complex rep-
resented by the formula I may be any one of the compounds
represented by Formulae 11 through X below:

n

3-nl

[0029] wherein

[0030] eaCh Of Rls RZs R3s R4s RSa R6s R7s RSs R95 RlOs Rlls
and R, , is a substituent or a hydrogen atom;

[0031] M is a transition metal; and
[0032] nlis1 or2.
(I
R] RZ
I
N R;
M /K
Il\f ¢]
Ry
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[0033] wherein

[0034] each of R, R,, R;, Ry, R, and Ry is a substituent
or a hydrogen atom;

[0035] M is a transition metal;
[0036] nlis 1 or2; and
[0037] CYI is an aromatic ring or an aliphatic ring.
av)
R, R,
1
L) 7\
N Ry
M
N/ N /J\
Il\f 0]
; '\ R4
Rs Rs l 301
[0038] wherein
[0039] each of R, R,, R;, Ry, R, and Ry is a substituent

or a hydrogen atom;

[0040] M is a transition metal;
[0041] nlis 1 or2;and
[0042] CYI is an aromatic ring or an aliphatic ring.
4]
R, R,
$ B
N N
# N
M /K
X/ N N 0
— |
R4 3-nl
Rg Rs /,
[0043] wherein
[0044] each of R}, R,, R;, R, R, and Ry is a substituent

or a hydrogen atom;
[0045]
[0046]
[0047]

M is a transition metal;

XisC, N, O, SorP; and

nl is 1 or 2.

(V)

3-nl
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[0048] wherein

[0049] each of R}, R,, Ry, R, Ry, and R, is a substituent
or a hydrogen atom;

[0050] M is a transition metal;
[0051] X is C,N, O, S or P; and
[0052] nlis1 or2.
(VID)
Ry R,
TN
Sy Rs
=
Ry
3l

wherein

[0053]

[0054] eaCh Of Rls R2s R3s R4s RSa R6s R7s RSs R95 RlOs Rlls
and R, , is a substituent or a hydrogen atom;

[0055] M is a transition metal;
[0056]

[0057]

XisC, N, O, SorP; and

nl is 1 or 2.

(VIID

Y3

Ry R>

Rs

2N N
RS y N Rs
y A

R4 3l

Rs Ryo

Rg Ro /,

[0058] wherein

[0059] eachofR,, R, R;, Ry, Ry, Ry, Ro, R, Ry and R
is a substituent or a hydrogen atom;

[0060]
[0061] X isC,N,O,SorP;

M is a transition metal;

[0062]
[0063]

CY3 is an aromatic ring or an aliphatic ring; and

nl is 1 or 2,
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(1X

Ry R,
Rs
x
I
N
R% Z \N R;
M /K
R4 3.l
R7 Rlo
Rg Ro ]

[0064] wherein

[0065] eachof R, Ry, Ry, Ry, Ry, Ry, Ry, Re, Ry, and R
is a substituent or a hydrogen atom;

[0066] M is a transition metal;
[0067] X isC,N,O.SorP;
[0068] CY4 is an aromatic ring or an aliphatic ring, and
[0069] nlis 1 or 2.
(0]
Rg
Ry R,
R.
AN 5 N/ \
N
# \N R;
M /K
X/ N N 0
|
R4 3l
Ry Ryo
Rg R, /
[0070] wherein
[0071] each of R1> R2> RS; R4> R5> R6> R7> R8> R9> and RIO

is a substituent or a hydrogen atom;

[0072] M is a transition metal;

[0073] XisC,N,O.SorP;

[0074] CYS5 is an aromatic ring or an aliphatic ring; and
[0075] nlis 1 or2.

[0076] In the formulae II through X, R;, Rs, R;, Ry, Ry,
Re, R4y Rg, Ro, Ry, R}, and R, may include the substitu-
ents defined in R}, R,. R;, and R, of the formula I.

[0077] Inthe formulae I through X, CY1,CY2,CY3, CY4
and CY5 may include aromatic hydrocarbon rings such as a
benzene ring, a naphthalene ring, a quinoxaline and an
anthracene ring; aromatic heterocycles such as a pyridine
ring, a pyrazine ring, a quinoline ring, a furan ring and a
thiophene ring; aliphatic hydrocarbon rings such as a cyclo-
hexane ring; and aliphatic heterocycles such as a pyrane
ring.
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[0078] Inthe formula I, the transition metal M may be Ru,
Rh, Os, Ir, Pt or Au.

[0079] The cyclometalated transition metal complex
according to the formula I is preferably one of the compound
represented by the formulae below:

F
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[0080] According to another aspect of the present inven-
tion, an organic electroluminescent display device is con-
structed with a pair of electrodes and an organic film
between the pair of electrodes, the organic film including a
transition metal complex having a transition metal and a
pyrazolecarboxamide ligand connected to the transition
metal.

[0081] The cyclometalated transition metal complex can
emit light at a wavelength range of 400 nm to 680 nm. The
light emitting diode employing such an organic metal com-
plex may be used in light source illumination for displaying
full color, backlight, an outdoor bulletin board, optical
communication, and interior decoration, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0082] A more complete appreciation of the present inven-
tion, and many of the above and other features and advan-
tages of the present invention, will be readily apparent as the
same becomes better understood by reference to the follow-
ing detailed description when considered in conjunction
with the accompanying drawings in which like reference
symbols indicate the same or similar components, wherein:

[0083] FIG. 1 is a mass spectrum of the compounds
according to the examples 1 and 3 of the present invention;

[0084] FIG. 2 is a PL (photoluminescence) spectrum of
the compounds according to the examples 1 to 4 of the
present invention;

[0085] FIG. 3 is an EL (electroluminescence) spectrum of
the compound according to the example 1 of the present
invention;

[0086] FIG. 4 is a TGA (thermo-gravimetric analyzer)
graph of the compounds according to the examples 1 and 3
of the present invention;

[0087] FIG. 5 is a graph showing the oxidative cyclovol-
tamogram of the compounds according to the examples 1
and 4 of the present invention;

[0088] FIG. 6 is a schematic diagram showing the struc-
ture of an organic electroluminescent display device
employing the compounds according to the example 1 of the
present invention;

[0089] FIG. 7 is a graph showing the I-V-L property of an
organic electroluminescent display device employing the
compounds according to the example 1 of the present
invention;

[0090] FIG. 8 is a graph showing the external quantum
efficiency of an organic electroluminescent display device
employing the compounds according to the example 1 of the
present invention;

[0091] FIG.9 is a graph showing the luminance efficiency
of an organic electroluminescent display device employing
the compounds according to the example 1 of the present
invention; and

[0092] FIG. 10 is a graph showing the lifetime of an
organic electroluminescent display device at 2.5 mA/cm?
employing the compounds according to the example 1 of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0093] The present invention will now be described more
fully hereinafter with reference to the accompanying draw-
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ings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the
invention to those skilled in the art. Like numbers refer to
like elements throughout the specification.

[0094] The present invention provides a cyclometalated
transition metal complex that can emit light at a wavelength
range from the blue region to the red region more efficiently
by triplet metal-to-ligand charge-transfer CMLCT) state.

[0095] According to an aspect of the present invention,
there is provided a cyclometalated transition metal complex
represented by the formula I below:

@

ul 3l

[0096]
[0097]

[0098] each of R}, R,, R; and R, is a substituent or a
hydrogen atom;

[0099] X is NorC;

[0100] each of CY1 and CY2 is an aromatic ring or an
aliphatic ring; and

[0101]

[0102] According to another aspect of the present inven-
tion, there is provided an organic electroluminescent display
device including an organic film between a pair of elec-
trodes, wherein the organic film comprises a cyclometalated
transition metal complex represented by the formula 1.

wherein

M is a transition metal;

nl is 1 or 2.

[0103] A cyclometalated transition metal complex accord-
ing to the present invention can emit blue light with high
performance and efficiency by including a non-carbon coor-
dinating chelating ligand.

[0104] The cyclometalated transition metal complex
according to the present invention is characterized in that a
pyrazolecarboxamide ligand is connected to a transition
metal.

[0105] The R;, R,, R; and R, may be independently a
hydrogen atom, or any substituent selected from the group
consisting of an alkyl group (preferably C,-C,, more pref-
erably C,-C,,, most preferably C,-C,,), an alkenyl group
(preferably C,-C,,, more preferably C,-C,,, most prefer-
ably C,-C,,), an alkynyl group (preferably C,-C,,, more
preferably C,-C,,, most preferably C,-C,,), an aryl group
(preferably C4-C,,, more preferably C,-C,,, most prefer-
ably C4-C,,), an amino group (preferably C,-C,,, more
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preferably C,-C,,, most preferably C,-C,,), an alkoxy
group (preferably C,-C,,, more preferably C,-C,,, most
preferably C,-C,,), an aryloxy group (preferably C,-Cs,,
more preferably C,-C,,, most preferably C,-C,,), a hetero-
cyclicoxy group (preferably C,-C,,, more preferably
C,-C,, most preferably C,-C, ,), an acyl group (preferably
C,-C;4, more preferably C,-C,,, most preferably C,-C,,),
an alkoxycarbonyl group (preferably C,-C,,, more prefer-
ably C,-C,,, most preferably C,-C,,), an aryloxycarbonyl
group (preferably C,-C,,, more preferably C,-C,,, most
preferably C,-C,,), an acyloxy group (preferably C,-C,,,
more preferably C,-C,,, most preferably C,-C,,), an acy-
lamino group (preferably C,-C,,, more preferably C,-C.,,,
most preferably C,-C,,), an alkoxycarbonylamino group
(preferably C,-C,,, more preferably C,-C,,, most prefer-
ably C,-C,,), an aryloxycarbonylamino group (preferably
C,-Cs;4, more preferably C,-C,,, most preferably C,-C,,), a
sulfonylamino group (preferably C,-C,,. more preferably
C,-C,p, most preferably C,-C,,), a sulfamoyl group (pref-
erably C,-C,,, more preferably C,-C,,, most preferably
Cy-C,,), a carbamoyl group (preferably C,-C,,, more pref-
erably C,-C,,, most preferably C,-C,,), an alkylthio group
(preferably C,-C,,, more preferably C,-C,,, most prefer-
ably C,-C,,), an arylthio group (preferably C;-C,,, more
preferably C,4-C,,, most preferably C,-C,,), a heterocy-
clicthio group (preferably C,-C,,, more preferably C,-C,,
most preferably C,-C,,), a sulfonyl group (preferably
C,-C5q, more preferably C,-C,,, most preferably C,-C,,), a
sulfinyl group (preferably C,-C,,, more preferably C,-C,,,
most preferably C,-C,,), an ureido group (preferably
C,-Cs4, more preferably C,-C,,, most preferably C,-C,,), a
phophoramide group (preferably C,-C,,, more preferably
C,-C,p, most preferably C,-C,,), a hydroxyl group, a met-
capto group, a halogen atom, a cyano group, a sulfo group,
a carboxyl group, a nitro group, a hydroxamic group, a
sulfino group, a hydrazino group, an imino group, a hetero-
cyclic group (preferably C,-C,,, more preferably C,-C,,), a
silyl group (preferably C;-C,,, more preferably C;-C,,
most preferably C,-C,,) and a silyloxy group (preferably
C;-C,q, more preferably C;-C;,, most preferably C5-C,,).

[0106] The cyclometalated transition metal complex rep-
resented by the formula I may be any one of the compounds
represented by Formulae 11 through X below:

n

Rig 2 3-nl

[0107]

[0108] eachofR;, R, Ry, Ry, Rs, R, Ry Ry, Ro, Ry, Ry,
and R, , is a substituent or a hydrogen atom;

wherein
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[0109] M is a transition metal; and
[0110] nlis 1 or 2.
(I
R Ry
I
N Rs
M /K
Il\T (€}
Ry

30l

[0111]

[0112] each of R, R,, Ry, R,, Ry, and Ry is a substituent
or a hydrogen atom;

wherein

[0113] M is a transition metal,
[0114] nlis 1 or 2; and
[0115] CY1 is an aromatic ring or an aliphatic ring.
av)
R, R,
7N
\N R;
M /K
N/ N
Iif 0
/\ !\ Ry
R6 RS 1 3l
[0116] wherein
[0117] each of R;, R,, R5, R, Ry, and Ry is a substituent

or a hydrogen atom;

[0118] M is a transition metal,
[0119] nlis 1 or 2; and
[0120] CY1 is an aromatic ring or an aliphatic ring.

V)

R R,
A
| N N/ \
Va \N Rs
M /K
X 4 N N 0
\—={( |
R4 3.l
R¢ Rs
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[0121] wherein

[0122] each of R}, R,, R;, Ry, Ry, and Ry is a substituent
or a hydrogen atom;

[0123]
[0124]
[0125]

M is a transition metal;

XisC, N, O, SorP; and

nl is 1 or 2.

(VD

[0126] wherein

[0127] each of R, R,, R;, Ry, Ry, and Ry is a substituent
or a hydrogen atom;

[0128]
[0129]
[0130]

M is a transition metal;
XisC, N, O, SorP; and

nl is 1 or 2.

(vID)

3-nl

wherein

[0131]

[0132] each Ole: RZ: RS: R47 RSa R67 R77 RS; R97 RlO: Rll:
and R, , is a substituent or a hydrogen atom;

[0133]
[0134]
[0135]

M is a transition metal;
XisC, N, O, SorP; and

nl is 1 or 2.
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(VII

Y3
Ry R,
NN
I
N
RS Z \N R;
M /K
|
R4 3l
Ry Ryo
RS R9 nl
[0136] wherein
[0137] eachof R;, R,, R;, Ry Rs, R, Ry, Rgy Rg,and R

is a substituent or a hydrogen atom;

[0138] M is a transition metal;
[0139] Xis C,N,O,SorP;
[0140] CY3 is an aromatic ring or an aliphatic ring; and
[0141] nlis1 or2.
Ix
Ry R,
R
A ! ) \
N
R¢ Z \N R;
M /K
7
X N Ir 0
R4 3-nl
Ry Ry
Rg Ry
1l
[0142] wherein

[0143] eachofR;, R, R;, Ry, Ry, Ry, Ro, R, Ry and R
is a substituent or a hydrogen atom;

[0144]
[0145]

M is a transition metal;
XisC,N,O,SorP

[0146]
[0147]

CY4 is an aromatic ring or an aliphatic ring, and

nl is 1 or 2,
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&
Rg
R Ry
Rs
A
I
AN N R;
M /K
|
Ry
R Ry -
Rs R 1l
[0148] wherein
[0149] eaCh Of Rls RZs Rsa R4s RSs R6s R7s RS: R95 and RIO

is a substituent or a hydrogen atom;

[0150] M is a transition metal;

[0151] XisC, N, O. SorP;

[0152] CYS5 is an aromatic ring or an aliphatic ring; and

[0153] nlis 1 or2.

[0154] In the formulae II through X, R, R,, R;, Ry, R,
Re, R4, Rg, Rs, Ry, Ry, and R, may include the substitu-
ents defined in R, R,. R;, and R, of the formula I.

[0155] Inthe formulae I through X, CY1,CY2,CY3, CY4
and CY'5 may include aromatic hydrocarbon rings such as a
benzene ring, a naphthalene ring, a quinoxaline and an
anthracene ring; aromatic heterocycles such as a pyridine
ring, a pyrazine ring, a quinoline ring, a furan ring and a
thiophene ring; aliphatic hydrocarbon rings such as a cyclo-
hexane ring; and aliphatic heterocycles such as a pyrane
ring.

[0156] Inthe formula I, the transition metal M may be Ru,
Rh, Os, Ir, Pt or Au.

[0157] The cyclometalated transition metal complex
according to the formula I may be specified to any one of the
compound represented by the formulae below, however, is
not limited to these:
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-continued

>

[0158] The transition metal complex according to the
present invention has light-emitting property at a wave-
length range of 400 nm to 680 nm.

[0159] The transition metal complex according to the
present invention can be synthesized by using the starting
material [Ir(C"N),Cl], derivative that provides a cyclom-
etalated moiety according to the method reported by Watts
and his colleagues (F. O. Garces, R. J. Watts, Inorg. Chem.
1988, (35), 2450, which is incorporated herein by reference).

[0160] Hereinafter, the synthetic method will be described
concerning the synthetic pathways of an iridium complex
according to an embodiment of the present invention.

[0161] Referring the reaction scheme I below, a cyclom-
etalated transition metal complex can be synthesized by
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mixing the starting material [Ir(C"N),C1], derivative and a
pyrazolecarboxamide compound with a solvent such as a
chloroform and a methanol, and stirring the resulting mix-
ture for 2 to 48 hours at room temperature:

Reaction scheme 1
1 .
Cl
/7 N\
Ir\ Y Ir +
Cl
2 2
f) p)
R Ry
N \ e
\N R;
HMN/KO

N

T~
{3
Z,
d e
&

[0162] In the reaction scheme I, X, R, R,, Ry, R, CY1
and CY?2 are the same as defined in the formula I.

[0163] The organic electroluminescent device according
to the present invention is prepared by forming an organic
film, particularly a light emitting layer employing the cyclo-
metalated transition metal complex according to the present
invention. The transition metal complex represented by the
formula I is very useful as a phosphorescent dopant material
that is a light emitting layer-forming material, and provides
excellent light-emitting properties in the range of blue
wavelengths.

[0164] When the transition metal complex according to
the present invention is used as a phosphorescent dopant, an
organic film may further comprise at least one selected from
the group consisting of at least one of polymer hosts, a
mixed host of a polymer and a low molecular weight
compound, a low molecular weight host, and a non-lumi-
nescent polymer matrix. Herein, any materials that are
typically used for forming a light-emitting layer for an
organic electroluminescent device can be used as the poly-
mer host, the low molecular weight host and a non-lumi-
nescent polymer matrix. The polymer host includes a poly-
vinylcarbazole (PVK) and a polyfluorene, and the low
molecular weight host includes a 4,4'-N\N'-dicarbazole-
biphenyl (CBP), a 4,4'-bis[9-(3,6-biphenylcarbazolyl)]-1,1'-
biphenyl, a 9,10-bis[(2',7"-t-buty])-9',9"-spiro bifluorenyl
anthracene, and a tetrafluorene and the like. The non-
luminescent polymer matrix includes a polymethyl-
methacrylate and a polystyrene, etc., however, is not limited
to these.

[0165] The amount of the transition metal complex
according to the present invention may be 1 to 30 parts by
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weight, based on 100 parts by weight of the total weights of
the light-emitting layer-forming material. The incorporation
of the transition metal complex into the light-emitting layer
can be carried out by vacuum vapor deposition, sputtering,
printing, coating, ink jetting, or a method using electronic
beam, etc.

[0166] Further, the transition metal complex according to
the present invention can emit white light by using a green
light-emitting material or a red light-emitting material
together.

[0167] The thickness of the organic film may be 30 nm to
100 nm. The organic film used herein refers to a film of an
organic compound, which is formed between a pair of
electrodes in an organic electroluminescent display device,
suich as an electron transporting layer and a hole transporting
layer, in addition to a light emitting layer. Such an organic
electroluminescent display device can have commonly
known various structures, such as anode/light emitting layer/
cathode, anode/buffer layer/light emitting layer/cathode,
anode’hole transporting layer/light emitting layer/cathode,
anode/buffer layer/hole transporting layer/light emitting
layer/cathode, anode/buffer layer/hole transporting layer/
light emitting layer/electron transporting layer/cathode,
anode/buffer layer/hole transporting layer/light emitting
layer/hole blocking layer/cathode and the like, but the struc-
tures are not limited to these.

[0168] The buffer layer may be composed of a material
commonly used for a buffer, and may be composed of, but
is not limited to, a copper phthalocyanine, a polythiophene,
a polyaniline, a polyacetylene, a polypyrrole, a polyphe-
nylene vinylene or their derivatives.

[0169] The hole transporting layer may be composed of a
material commonly used for a hole transporting layer, and
may be composed of, but is not limited to, a polytripheny-
lamine.

[0170] The electron transporting layer may be composed
of a material commonly used for an electron transporting
layer, and may be composed of, but is not limited to, a
polyoxadiazole.

[0171] The hole blocking layer may be composed of a
material commonly used for a hole blocking layer, and may
be composed of, butis not limited to, LiF, BaF, or MgF, and
the like.

[0172] The organic electroluminescent display device
according to the present invention may be prepared by a
common method of manufacturing an organic electrolumi-
nescent display device employing common luminescent
materials, and thus does not need any special apparatuses or
processes.

[0173] The cyclometalated transition metal complex can
emit light at a wavelength range of 400 nm to 680 nm. The
light emitting diode employing such an organic metal com-
plex may be used in light source illumination for displaying
full color, backlight, an outdoor bulletin board, optical
communication, and interior decoration, etc.

[0174] Hereinafter, the present invention will be described
in greater detail with reference to the following examples.
The following examples are for illustrative purposes and are
not intended to limit the scope of the invention.



US 2006/0078760 A1l

EXAMPLES
Reference Example 1

Synthesis of [(F,ppy),IrCl], (F,ppy dimer)

[0175]
F
F B(OH), +
T IM-NaCOy/EtOH
L —
Br \ / Pd(0)/Toluene/120° C.
N
F
F \ /
N
FappyH
AN
N
7 2-Methoxyethanol/H,O
+ IrClznH,0 Bo°C
. )
T
| AN | AN
PZAN LN A
\Ir /Cl\Ir e
F PRGN F
— L L F —2
F,oppy Dimer
[0176] To a 500 ml flask with a side arm, 19.85 g (125

mmol) of 2-bromopyridine, 25.00 g (158 mmol) of a 2,4-
difluorophenyl boronic acid), 100 ml of a toluene, 48 ml of
an ethanol and 2M sodium carbonate solution in 95 ml of
water were added, and the mixture was agitated under
nitrogen atmosphere at room temperature. Then, 4.53 ¢
(3.92 mmol) of a tetrakis(triphenylphosphine) palladium(0)
wete added to the reaction mixture, and the mixture was
refluxed under the nitrogen atmosphere for 15 hrs in a dark
room.

[0177] After the temperature of the reaction mixture was
returned to room temperature on completion of the reaction,
an organic layer was extracted using ethyl acetate and water.
Then, the extract was separated by column chromatography
(toluene:hexane=10:1) to obtain a pale brown liquid

(FoppyH).
[0178] ‘H-NMR(CD,Cl,,ppm): 8.69(d, 1H), 8.03(m, 1H),
7.70(m, 2H), 7.27(m, 1H), 7.00(m, 2H).

[0179] A yellow powder of [(F,ppy),lrCl], dimer was
synthesized by using 2-(4,6-difluorophenylpyridine) mono-
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mer synthesized according to the above procedure and
IrCl,.nH,O. Herein, the synthesis was performed with ref-
erence to J. Am. Che. Soc., 1984, 106, 6647-6653, which is
incorporated herein by reference.

[0180] 'H-NMR(CD,CL,ppm): 9.1(d, 4H), 8.3(d, 4H),
7.9(t, 4H), 6.9(m, 4H), 6.5(m, 4H), 5.3(d, 4H).

Reference Example 2

Synthesis of [(MeF,ppy),IrCl],

[0181]
| N
N
7 2-Methoxyethanol/H,O
+ IrClzenH,0
130° C.
F
F
| AN | AN
PZaN AN
\Ir /Cl\Ir /
F PRGN F
— L — F —2
Faoppy Dimer
[0182] A [(MeF,ppy),IrCl], (F,pmp dimer) was synthe-

sized by using the same method as in the reference example
1, except that a 2-bromo-4-methylpyridine was used instead
of a 2-bromopyridine.

[0183] 'H-NMR(CD,Cl,.ppm): 8.9(d, 4H), 8.1(s, 4H).
6.6(d, 4H), 6.3(m, 4H), 5.3(d, 4H), 2.6(s, 12H).

Reference Example 3

Synthesis of [(DMAF,ppy),IrCl],

[0184]
N
-~ AN
A
& 2-Methoxyethanol/H,O
+ IICIg'HHzO
130° C.
F.
F
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-continued
N N
| N N.
2 NG
\ . /Cl N . /
F PR F
— F -l — F —2
DMAF;ppy Dimer

[0185] A [(DMAF,ppy),lrCl], (DMAF,ppy dimer) was
synthesized by using the same method as in the reference
example 1, except that 2526 g (1.25x10* mmol) of a
2-bromo-4-dimethylaminopyridine were used instead of a
2-bromopyridine.

[0186] ‘H-NMR(CD,Cl,.ppm): 8.7(d, 4H), 7.5(t, 4H).
6.3(m, 4H), 6.1(m, 4H) 5.4(d, 4H), 3.2(s. 24H).

Reference Example 4

Synthesis of [(F,CNppy),IrCl],
[0187]

NC

T\ _/

B(OH),

2M-NaCO3/EtOH
TS EE———
Pd(0)/Toluene/120° C.

NC\_ _
\

! \
)\ _J
FoppyH
9
N
7 2-Methoxyethanol/H,O
+ IrClzenH,O
F 130°C.
4 |
N
F
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_ _ -continued _ _
| N | x
a N
\\I/CI\I//
r\ Vs T,
NG | PV / | F
N N
L F -l — F —2
F,CNppy Dimer

[0188] An [(F,CNppy),IrCl], (F,CNppy dimer) was syn-
thesized by using the same method as in the reference
example 1, except that 22.87 g (125 mmol) of a 2,4-difluoro-
3-cyano-phenylboronic acid were used instead of a 2.4-
difluorophenylboronic acid.

Reference Example 5

Synthesis of [(F,ppy)PtCl], (F,ppy dimer)
[0189]

N

/N

+ PClenl,0

[0190] To a 500 ml flask with a side arm, 19.85 g (1.25x
10* mmol) of 2-bromopyridine, 25.00 g (1.58x10* mmol) of
a 2,4-difluorophenyl boronic acid), 100 ml of a toluene, 48
ml of an ethanol and 2M sodium carbonate solution in of
water were added, and the mixture was agitated under
nitrogen atmosphere at room temperature. Then, 4.53 g
(3.92 mmol) of a tetrakis(triphenylphosphine) palladium(0)
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were added to the reaction mixture, and the mixture was
refluxed under the nitrogen atmosphere for 15 hrs in a dark
room.

[0191] After the temperature of the reaction mixture was
returned to room temperature on completion of the reaction,
an organic layer was extracted using ethyl acetate and water.
Then, the extract was separated by column chromatography
(toluene:hexane=10:1) to obtain a pale brown liquid

(FoppyH).

[0192] 'H-NMR(CD,CL,ppm): 8.69(d, 1H), 8.03(m, 1H),
7.70(m, 2H), 7.27(m, 1H), 7.00(m, 2H).

[0193] A green powder [(F,ppy)PtCl], dimer was synthe-
sized by using 2-(4,6-difluorophenylpyridine) monomer
synthesized according to the above procedure and K,[PtCl]
4 Herein, the synthesis was performed with reference to J.
Am. Che. Soc., 1984, 106, 6647-6653.

Example 1

Preparation of Compound (1) (F,PZNH)
[0194]

@

[0195] In the 100 ml 2-neck flask equipped with a ther-
mometer, a mechanical stirrer and a reflux condenser, 0.605
g (0.5 mmol) of [(F,ppy),lrCl], prepared in the reference
example 1 and 0.160 g (1.25 mmol) of 3,5-dimethylpyra-
zole-1-carboxamide were dissolved in 30 ml of a mixed
solution of methanol and chloroform under nitrogen atmo-
sphere, and the resulting solution was stirred for about 2 hrs
at room temperature. Then, the reaction temperature was
slowly elevated and the reaction mixture was refluxed for 8
hours. After completion of the reaction, the reaction mixture
was cooled to room temperature, and then unreacted starting
materials were removed by filtering. The solvents were all
removed from the filtrate with a rotatory evaporator, and
diethyl ether was added in droplets. The resulting green solid
was filtered with a filter paper, and washed several times
with diethyl ether and hexane. Yellow solid was fully dried
in a vacuum oven at 30° C., and was weighed. 0.55 g (yield:
87%) of the title compound were obtained as pure green
solid, and the melting point of the compound was 255° C.
The synthesized compound was confirmed by ‘H NMR and
MS (FIG. 1).
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Example 2

Preparation of Compound (2) (MeF,PZNH)

[0196]

[0197] 0.575 g (yield: 85%) of the title compound were
obtained as pure pale green solid by performing the same
method as in the example 1, except that 0.65 g (0.5 mmol)
of [(MeF,ppy),IrCl], prepared in the reference example 2
were used instead of [(F,ppy),IrCl],. The melting point of
the compound was 260° C. The synthesized compound was
confirmed by "H NMR and MS.

Example 3

Preparation of Compound (3) (DMAF,PZNH)
[0198]

3

[0199] 0.63 g (vield: 85%) of the title compound were
obtained as pure pale green solid by performing the same
method as in the example 1, except that 0.71 g (0.5 mmol)
of [(DMAF 5ppy),IrCl], prepared in the reference example 3
were used instead of [(F,ppy),IrCl],. The melting point of
the compound was 255° C. The synthesized compound was
confirmed by *H NMR and MS (FIG. 1).
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Example 4

Preparation of Compound (4) (F,CNPZNH)
[0200]

&

[0201] 0.580 g (yield: 83%) of the title compound were
obtained as pale green solid by performing the same method
as in the example 1, except that 0.67 g (0.5 mmol) of
[(F CNppy),IrCl], prepared in the reference example 4 were
used instead of [(F,ppy),IrCl],.

[0202] The synthesized compound was confirmed by 'H
NMR and MS (FIG. 1).

Example 5

Preparation of Compound (5) (F,PZNH(Pt))
[0203]

©)

F

[0204] 0.690 g (yield: 80%) of the title compound were
obtained by performing the same method as in the example
1, except that 0.84 g (1 mmol) of [ (F,ppy)PtCl], prepared in
the reference example 5 were used instead of [ (F,ppy),1rCl]
,. The synthesized compound was confirmed by 'H NMR
and MS.

[0205] The light emitting characteristics for the com-
pounds obtained from the above procedure were examined
according to the methods below.

[0206] Inthe first method, the compound was dissolved in
methylene chloride to prepare 107* M solution, and then the
light emitting characteristics in the state of a methylene
chloride solution were examined. In the second method, 94
parts by weight of polymethylmethacrylate (PMMA) and 6
parts by weight of the compound were dissolved in a
solvent, the solution was spin coated to prepare a film, and
the light emitting characteristics in the film state were
examined. The maximum light emitting wavelength, the
color coordinate (CIE), the degradation temperature and
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HOMO level for the compounds obtained from the examples
were summarized in Table 1 below.

TABLE 1
— Coler  Degradation
Compound (nm, Penax coordinate  temperature
No. solution)  (nm, film) x,¥) “C) HOMO

1 474 473 0.15, 0.31 255 5.68

2 469 469 0.15, 0.27 260

3 474 472 0.15, 0.25 255

4 465 464 0.14, 0.24 592

5 469, 469,494, 0.33,0.38

494 531,612 (Alm)

[0207] The EL display device adopting the compound
synthesized in the examples had the following multiplayer
structure (refer to FIG. 6), and its light emitting area was 9
mm*;

[0208] substrate/first electrode/hole transporting layer/
light emitting layer/hole blocking layer/electron transporting
layer/electron injecting layer/second electrode=glass/ITO/
NBP (40 nm)/mCP: 5 wt % F,PZNH (40 nm)/BAlq (40
nm)/LiF (2 nom)/Al (200 nm).

[0209] The display device was manufactured as follows.

[0210] After NPB was deposited on the pre-washed ITO
with a thickness of 40 nm, F,PZNH was mixed with a host
mCP (N,N'-dicarbazolyl-3,5-benzene) (in a ratio of 95:5 (wt
%) and coated on the deposits. BAlq was coated onto this as
a positive charge blocking layer (hole blocking layer (HBL))
with a thickness of 40 nm by heat depositing method, LiF
was coated onto this as a negative charge transporting layer
(electron transporting layer (ETL)) with a thickness of 2 nm,
and finally Al was coated as an anode with a thickness of 200
nm.

[0211] The evaluation results for the device (maximum
light emitting wavelength, color coordinate, brightness, life-
time, etc.) are summarized in Table 2.

TABLE 2
PMornaxe Ponaxe Maximum lifetime
(om, CIE (mum, CIE m4 brightness  (hr) (2.5
PL) PL  EL) EL CdJA n.,% (Cdm» mA/m?)

474 0.15, 474, 0.18, 65 3.1 17030 34.1
0.31 499 0.38

[0212] FIG. 1 shows a mass spectrum of the compounds
according to the examples 1 and 3 of the present invention,
FIG. 2 is a PL (photoluminescence) spectrum of the com-
pounds according to the examples 1 to 4 of the present
invention, and FIG. 3 shows an electroluminescence (EL)
intensity of the compound according to the example 1 of the
present invention.

[0213] FIG. 4 is a TGA (thermo-gravimetric analyzer)
graph of the compounds according to the examples 1 and 3
of the present invention.

[0214] FIGS. 5A and 5B are graphs showing the oxida-
tive cyclovoltammogram of the compounds according to the
examples 1 and 4 of the present invention. From the figure,
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the HOMO level can be seen, and accordingly it can be seen
that the compounds have semi-reversibility.

[0215] FIG. 7 is a graph showing the I-V-L property of an
organic electroluminescent display device employing the
compounds according to the example 1 of the present
invention. From the figure, it can be seen that the turn-on
voltage is low.

[0216] FIGS. 8 through 10 are graphs showing the exter-
nal quantum efficiency, the luminance efficiency and lifetime
(2.5 mA/cm?) of the display device employing compounds
according to the example 1 of the present invention.

[0217] From the foregoing, it can be seen that on incor-
poration of a pyrazolecarboxamide ligand, a dopant having
excellent phosphorescent property is formed and is suitable
as a blue phosphorescent material. Further, it can be seen
that the full color of red, green and blue is embodied by
incorporating various main ligands.

[0218] A cyclometalated transition metal complex accord-
ing to the present invention can emit light at a wavelength
range from the blue region to the red region more efficiently
by triplet metal-to-ligand charge-transfer (MLCT). This
organic metal complex can be used in forming an organic
film of an organic electroluminescent display device. The
organic metal complex can emit light at the wavelength
range of 400 to 650 nm as a phosphorescent material with
high efficiency. Further, the complex can emit white light by
using a green light emitting material or a red light emitting
material together.

[0219] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention as defined by the following claims.

What is claimed is:
1. A transition metal complex represented by Formula I:

)

wherein
M is a transition metal;

each of R;, R,, R; and R, is a substituent or a hydrogen
atom,;

X is N or C;

each of CY1 and CY2 is an aromatic ring or an aliphatic
ring, and

nl is 1 or 2.

2. The transition metal complex according to claim 1,
wherein R, R, R; and R, are independently a hydrogen
atom, or a substituent selected from the group consisting of
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an alkyl group, an alkenyl group, an alkynyl group, an aryl
group, an amino group, an alkoxy group, an aryloxy group,
a heterocyclicoxy group, an acyl group, an alkoxycarbonyl
group, an aryloxycarbonyl group, an acyloxy group, an
acylamino group, an alkoxycarbonylamino group, an ary-
loxycarbonylamino group, a sulfonylamino group, a sulfa-
moyl group, a carbamoyl group, an alkylthio group, an
arylthio group, a heterocyclicthio group, a sulfonyl group, a
sulfinyl group, an ureido group, a phophoramide group, a
hydroxyl group, a mercapto group, a halogen atom, a cyano
group, a sulfo group, a carboxyl group, a nitro group, a
hydroxamic group, a sulfino group, a hydrazino group, an
imino group, a heterocyclic group, a silyl group and a
silyloxy group.

3. The transition metal complex according to claim 1,
wherein the transition metal complex of Formula I is a
compound represented by Formula II:

an

3-nl

wherein

eaCh Of Rls st R35 R4s RSs R6s R7s RSs R95 RlOs Rlls and
R, is a substituent or a hydrogen atom;

M is a transition metal; and

nlis 1 or 2.

4. The transition metal complex according to claim 1,
wherein the transition metal complex of Fornwla I is a
compound represented by Formula III:

(i

wherein

each of R}, R,, R;, R,, R;, and R, is a hydrogen atom;
M is a transition metal;

nl is 1 or 2; and

CY1 is an aromatic ring or an aliphatic ring.
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5. The transition metal complex according to claim 1,
wherein the transition metal complex of Formula I is a
compound represented by the formula IV:

)

R, R,
() 7\

\N Rs

M

N /&

Il\I 6}
/‘ '\ Ry
R6 RS l 3-n1

wherein

each of R}, R,. R;, R,, Ry, and Ry is a substituent or a
hydrogen atom;

M is a transition metal;
nl is 1 or 2; and

CY1 is an aromatic ring or an aliphatic ring.

6. The transition metal complex according to claim 1,
wherein the transition metal complex of Formula I is a
compound represented by Formula V:

v

Rl R2
AN

B I

\N R

M /K

X/ N N 0
\—{( |

R4 3-nl
R¢ Rs

wherein

each of R}, R,. R, Ry, Ry, and Ry is a substituent or a
hydrogen atom;

M is a transition metal;
XisC,N, O, SorP;and

nlis1or2.
7. The transition metal complex according to claim 1,

wherein the transition metal complex of Formula I is a
compound represented by Formula VI:
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(VD

wherein

each of R}, R,, Ry, R, R, and Ry is a substituent or a
hydrogen atom;

M is a transition metal;
X is C, N, O, S or P atom; and

nl is 1 or 2.

8. The transition metal complex according to claim 1,
wherein the transition metal complex of Formula I is a
compound represented by Formula VII:

(VID)

3-nl

wherein

eaCh Of Rls st Rss R4s RSs Rﬁs R7s RSs RQs RlOs Rlls and
R, is a substituent or a hydrogen atom;

M is a transition metal;
XisC,N, O, SorP; and

nlis 1 or2.

9. The transition metal complex according to claim 1,
wherein the transition metal complex of Formula I is a
compound represented by Formula VIII:
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(VI

Y3
Ry R,
R¢ N N/ \
N
Rs Z \N Rs
M /K
X/ N N 0
|
R4 3l
Ry Ryo
Rg Ro /[

wherein

each of R}, R,, R;, R, Rs, R, R, Ry, Ry, and Ry is a
substituent or a hydrogen atom;

M is a transition metal;
XisC,N,O,SorP;
CY3 is an aromatic ring or an aliphatic ring; and

nl is 1 or 2.

10. The transition metal complex according to claim 1,
wherein the transition metal complex of Formula I is a
compound represented by Formula IX:

1x)

Ry R,
Rs
X
I
N.
R¢ Z \N R;
M /l\
X/ N N 0
R4 3l
R7 Rlo
Rg Ry
1l

wherein

each of R}, Ry, R;, Ry, Rs, R, Ry, Rg, R, and Ry is a
substituent or a hydrogen atom;

M is a transition metal;
XisC,N,O,SorP;
CY4 is an aromatic ring or an aliphatic ring; and

nl is 1 or 2.
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11. The transition metal complex according to claim 1,
wherein the transition metal complex of Formula I is a
compound represented by Formula X:

&

Rg
Ry R,
N Rs
N N \
Z \N R;
M /K
X 7z N N 0
|
R4 3-nl
R, Rio ™
Rg Rg 4

wherein

each of R;, R,, Ry, Ry, Ry, R, R, Ry, R, and R is a
substituent or a hydrogen atom:;

M is a transition metal;
XisC,N,O,SorP;
CYS5 is an aromatic ring or an aliphatic ring; and

nl is 1 or 2.

12. The transition metal complex according to claim 1,
wherein M is Ru, Rh, Os, Ir, Pt or Au.

13. The transition metal complex according to claim 1,
wherein the transition metal complex of Formula I is one of
the compounds represented by the formulae below:
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14. An organic electroluminescent display device com-
prising an organic film having the transition metal complex
according to claim 1.

15. An organic electroluminescent display device, com-
prising:

a pair of electrodes; and

an organic film between the pair of electrodes, the organic
film comprising a transition metal complex represented
by Formula I:

Y

nl R4

3l
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wherein
M is a transition metal;

each of R, R,, R, and R, is a substituent or a hydrogen
atom,;

XisNorC;

each of CY1 and CY?2 is an aromatic ring or an aliphatic
ring, and

nlis 1 or 2.

16. The organic electroluminescent display device of
claim 15, wherein the organic film further comprises at least
one selected from the group consisting of at least one of
polymer hosts, a mixed host of a polymer and a low
molecular weight host, a low molecular weight host, and a
non-luminescent polymer matrix.

17. The organic electroluminescent display device of
claim 15, wherein the organic film further comprises at least
one of a green light emitting material and a red light emitting
material.

18. An organic electroluminescent display device, com-
prising:

a pair of electrodes; and

an organic film between the pair of electrodes, the organic
film comprising a transition metal complex having a
transition metal and a pyrazolecarboxamide ligand con-
nected to the transition metal.
19. The organic electroluminescent display device,
wherein the transition metal complex is represented by
Formula I:

O

al 3l

wherein
M is Ru, Rh, Os, Ir, Pt or Au;

each of R, R,, R; and R, is a substituent or a hydrogen
atom,

XisNorC;

each of CY1 and CY2 is an aromatic ring or an aliphatic
ring, and

nl is 1 or 2.

20. The organic electroluminescent display device
according to claim 19, wherein the amount of the transition
metal complex ranges from 1 to 30 parts by weight, based
on 100 parts by weight of the total weights of light-emitting
layer-forming materials.

I S T
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