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7) ABSTRACT

A binuclear organometallic complex enabling highly effi-
cient phospholuminescence and an organic electrolumines-
cent device using the same. The binuclear organometallic
complex, which can be suitably used to form an organic
layer of an organic electroluminescent device, produces
luminescence in the wavelength range of 430-650 nm, and
induces white electroluminescence when combined with
green and red luminescent materials.
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BINUCLEAR ORGANOMETALLIC COMPLEXES
AND ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE USING THE SAME

CLAIM OF PRIORITY

[0001] This application claims the priority of Korean
Patent Application No. 2003-96193, filed on Dec. 24, 2003,
in the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to an organometallic
complex capable of being used in an organic electrolumi-
nescent device, and more particularly, to a binuclear orga-
nometallic complex capable of emitting light with a wide
spectrum from a blue region to a red region through triplet
metal-to-ligand charge transfer (MLCT) and to an organic
electroluminescent device using the same as an organic layer
forming material.

[0004] 2. Description of the Related Art

[0005] An organic electroluminescent (EL) device is a
spontancous light-emitting display device that generates
light through the recombination of electrons and holes when
an electric field is applied to thin films composed of fluo-
rescent or phosphorescent organic compounds (organic lay-
ers). An organic EL device has various advantages including
lightness, simple components and a simple manufacturing
process, high resolution, wide viewing angle, high color
purity, perfect reproduction of motion pictures, low power
consumption, low driving voltage, and so on so that is
suitable for use in portable electronic devices.

[0006] An electroluminescent layer of an organic EL
device can be composed of a fluorescent material or a
phosphorescent material. The fluorescent material differs
from the phosphorescent material in terms of a light-emit-
ting mechanism. The fluorescent material uses singlet exci-
tons, and the phosphorescent material uses triplet excitons.
An electroluminescent layer is composed of the fluorescent
material or the phosphorescent material itself. Alternatively,
the fluorescent material or the phosphorescent material is
doped into an appropriate host material. In the latter case, as
a result of electron excitation, singlet excitons and triplet
excitons are produced in the host. Statistically, the singlet
excitons and the triplet excitons are produced in a ratio of
about 1:3.

[0007] A conventional organic EL devices including an
electroluminescent layer composed of a fluorescent material
is disadvantageous since triplet excitons are consumed by
the host. However, a conventional organic EL device includ-
ing an electroluminescent layer composed of a phosphores-
cent material are advantageous since singlet excitons and
triplet excitons are both utilized to achieve an internal
quantum efficiency of 100%. Thus, an organic EL device
including an electroluminescent layer composed of a phos-
phorescent material has higher emission efficiency than an
organic EL device including an electroluminescent layer
composed of a fluorescent material.

1. Field of the Invention

[0008] The introduction of a heavy metal such as Ir, Pr,
Rh, or Pd to organic molecules has led to spin-orbital
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coupling due to a heavy atom effect which allows a triplet
state and a singlet state to coexist, thus enabling a forbidden
transition, thereby allowing phospholuminescence to occur
even at room temperature.

[0009] Recent developments have led to the discovery of
highly efficient green and red luminescent materials using
photoelectroluminescence with the internal quantum effi-
ciency as high as 100%. In particular, a green phosphores-
cent material including fac-tris(2-phenylpyridine)iridium(Ir-
(ppy);) has an external quantum efficiency of 17.620.5%.
{Bis(2-(2"-benzo[ 4,5-Althienyl)pyridinato-N,C)iridi-
um(acetylacetonate)} (Btp,Ir(acac)) has been developed as
a red phosphorescent material having a high emission effi-
ciency of 7.0£0.5%.

[0010] As described above, various materials employing
various transition metal compounds containing a transition
metal such as iridium or platinum have been used as highly
efficient luminescent materials using phospholuminescence.
However, white phosphorescent materials with high emis-
sion efficiency and low power consumption have not been
developed, making it difficult to achieve a full-color display,
which is, in turn, a barrier to the development of phospho-
rescent full-color display devices.

[0011] To address the above-described problems, the
development of blue luminescent materials is under way
(WO 02/15645 Al, US 2002/0048689 Al entitled Light-
emitting device and iridium complex to Igarashi Tatsuya et
al. and published on Apr. 25, 2002). Also, there have been
proposed organometallic complexes having bulky functional
groups or functional groups having high intensity ligand
fields, e.g., a cyano group, introduced thereto to increase a
difference between HOMO (Highest Occupied Molecular
Orbital) and LUMO (Lowest Unoccupied Molecular
Orbital) energy levels by transforming the molecular geom-
etry of the oragnometallic complexes. Other materials that
have recently been developed include iridium complexes
having the general formula of Ir(ppy),P(ph),Y, where Y is
Cl or CN, as disclosed in US2002/0182441 Al entitled
Organometallic compounds and emission-shifting organic
electrophosphorescence to Lamansky, Sergey et al. and
published on Dec. 5, 2002, and iridium (III) complexes
including a cyclometalating ligand and chelating diphos-
phine, chlorine and a cyano group, as disclosed in US
2002/0064681 Al entitled Tuminescence device, display
apparatus and metal coordination compound to Takiguchi,
Takao et al. and published on May 30, 2002.

SUMMARY OF THE INVENTION

[0012] Tt is therefore an object of the present invention to
provide an improved material for an organic layer of an
organic EL device.

[0013] It is also an object of the present invention to
provide an improved organic EL device.

[0014] Tt is further an object of the present invention to
provide a binuclear organometallic complex capable of
emitting light with a wide spectrum from a blue region to a
red region through triplet metal-to-ligand charge transfer
(MLCT).

[0015] Tt is yet another object of the present invention to
provide an organic electroluminescent device using the
binuclear organometallic complex as an organic layer form-
ing material.
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[0016] According to an aspect of the present invention,
there 1s provided an organometallic complex represented by
Formula 1:

[Formula 1]
A A
OyN 97&46 ccy
/ AN »
D ]
AN /
CyC X X NCy
n n

[0017] wherein M is a metal selected from the group
consisting of Ir, Os, Pt, Pb, Re, Ru, and Pd;

[0018] CyN is a substituted or unsubstituted C5-Cqy
heterocyclic group containing nitrogen bonded to M,
or a substituted or unsubstituted C;-Cq, heteroaryl
group containing nitrogen bonded to M;

[0019] CyC is a substituted or unsubstituted C,-Cq,
carbocyclic group containing carbon bonded to M, a
substituted or unsubstituted C;-Cg, heterocyclic
group containing carbon bonded to M, a substituted
or unsubstituted C5-Cg, aryl group containing carbon
bonded to M, or a substituted or unsubstituted C -Cg,
heteroaryl group containing carbon bonded to M;

[0020] CyN-CyCis a cyclometalating ligand bonded
to M through nitrogen (N) and carbon (C);

[0021] Y is a linker connecting two mononuclear
organometallic complexes to each other;

[0022]
[0023]
[0024]

Ais a group containing nitrogen bonded to M;
X is a monoanionic monodentate ligand; and
nis1or?2.

[0025] According to another aspect of the present inven-
tion, there is provided an organic electroluminescent device
comprising an organic layer interposed between a pair of
electrodes, wherein the organic layer comprises the
binuclear organometallic complex represented by Formula
1:

[Formula 1]
A A
v
N @7 4@ CC
Cy y N vl
| D u] |
AN /
cyC X X NC

y

n

[0026] wherein M is a metal selected from the group
consisting of Ir, Os, Pt, Pb, Re, Ru, and Pd,

[0027] CyN is a substituted or unsubstituted C5-Cgq
heterocyclic group containing nitrogen bonded to M,
or a substituted or unsubstituted C5-Cg, heteroaryl
group containing nitrogen bonded to M;

[0028] CyC is a substituted or unsubstituted C,-Cg,
carbocyclic group containing carbon bonded to M, a
substituted or unsubstituted C5-C60 heterocyclic
group containing carbon bonded to M, a substituted
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or unsubstituted C5-Cy, aryl group containing carbon
bonded to M, or a substituted or unsubstituted C -Cy,
heteroaryl group containing carbon bonded to M,

[0029] CyN-CyCis a cyclometalating ligand bonded
to M through nitrogen (N) and carbon (C);

[0030] Y is a linker connecting two mononuclear
organometallic complexes to each other;

[0031] Aisa group containing nitrogen bonded to M;
[0032] X is a monoanionic monodentate ligand; and
[0033] nis1or2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0034] The present invention provides a binuclear orga-
nometallic complex capable of emitting light with a wide
spectrum from a blue region to a red region through triplet
metal-to-ligand charge transfer (MLCT) and an organic
electroluminescent device using the same as an organic layer
forming material.

[0035] According to an aspect of the present invention,
there is provided an organometallic complex represented by
Formula 1:

[Formula 1]
A A
Y

CyN @7 4@ cC

y . N Y,

| P v |

N\ /7
CyC X X NC
n

y

n

[0036] wherein M is a metal selected from the group
consisting of Ir, Os, Pt, Pb, Re, Ru, and Pd,

[0037] CyN is a substituted or unsubstituted C5-Cyq
heterocyclic group containing nitrogen bonded to M,
or a substituted or unsubstituted C;-Cq, heteroaryl
group containing nitrogen bonded to M;

[0038] CyC is a substituted or unsubstituted C,-Cy,
carbocyclic group containing carbon bonded to M, a
substituted or unsubstituted C;-C,, heterocyclic
group containing carbon bonded to M, a substituted
or unsubstituted C;-Cg, aryl group containing carbon
bonded to M, or a substituted or unsubstituted C -Cy,
heteroaryl group containing carbon bonded to M,

[0039] CyN-CyCis a cyclometalating ligand bonded
to M through nitrogen (N) and carbon (C);

[0040] Y is a linker connecting two mononuclear
organometallic complexes to each other;

[0041]
[0042]
[0043]

[0044] A binuclear organometallic complex according to
the present invention increases a band gap between HOMO
(Highest Occupied Molecular Orbital) and triplet metal-to-
ligand charge-transfer (MLCT) states, enabling blue elec-
troluminescence. The energy gap between the HOMO level

Ais a group containing nitrogen bonded to M;
X is a monoanionic monodentate ligand; and

nis1or?2.
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and triplet MLCT state of a molecule can be increased by

coordinating a bulky ligand to distort the structure of the -continued
molecule, and by adding a ligand capable of producing a Ry /= — /Rl
strong ligand field exhibiting excellent o-donor and st-donor Ry R’ =
capabilities. A cyanide ion (CN™) can provide a strong ligand >—< \ / \ / Ry
field, and reduces the HOMO energy level, leading to a blue K \
shift in the light emission. 2N NP2 -
N
[0045] A cyclometalating ligand (CyN-CyC) can be rep- NN
resented by any one of the following formulas, but is not 7z 7
limited thereto. < | | p
A S £
K R/\ R ~
3
R —
A /\ 1 Rl\
| F
SNPAN
7 |N/
RN AN
N |
TR Y NoX
\ 3 R,
SN N
NPAN NN
o}
7z | X
0
1 N \ 7 |
R3—| Ry |_R2
R F x
A Ry R, \\
Rs | >=< | N(CH,CHj),
>N AP 2NN R/ RN/
~
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v Roy—— | d \ d \ SN
R | N N N
Ri § Rs S
CH; 7
/ | S \ Ro—— |
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.
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-continued
Ry
T
R RPN
O\ /N 7
N . P N
X N
Z N
Ry | 7
\) ] # |
Ry VA
£
R !
lz/w\
N
7
S
N
7
R |
AN
[0046] where each of R,, R,, R;, R,, and R; is

independently a monosubstituted or polysubstituted
group, and is selected from the group consisting of
hydrogen, a halogen atom, —OR,—N(R),, —P(R),,
—POR, —PO,R, —PO; R, —SR, —Si(R),,
—B(R),, —B(OR),, —C(O)R, —C(O)OR,
—C(O)N(R), —CN, —NO,, —S0O,, —SOR,
—SO0,R, —SO,R, a C,-C,, alkyl group, or a C,-C,,
aryl group, where R is hydrogen, a substituted or
unsubstituted C,-C,, alkyl group, a substituted or
unsubstituted C;-C,, alkoxy group, a substituted or
unsubstituted C,-C,, alkenyl group, a substituted or
unsubstituted C,-C,, alkynyl group, a substituted or
unsubstituted C,-C,, heteroalkyl group, a substituted
or unsubstituted C,-C,,, aryl group, a substituted or
unsubstituted C,-C,, arylalkyl group, a substituted
or unsubstituted C,-C,, alkylaryl group, a substi-
tuted or unsubstituted C,-C,, heteroaryl group, or a
substituted or unsubstituted C,-C,, heteroarylalkyl
group; and

[0047] Zis S, O, or NR, where R, is hydrogen or a
C,-C,, alkyl group.

[0048] In Formula 1, the heterocyclic group and the het-
eroaryl group represent a cyclic group and an aryl group
each containing a heteroatom such as N, O, or S, respec-
tively.

[0049] In CyN of Formula 1, specific examples of the
substituted or unsubstituted C5-Cq, heterocyclic group con-
taining nitrogen bonded to M include pyrrolidine, morpho-
line, thiomorpholine, thiazolidine, etc., and specific
examples of the substituted or unsubstituted C5-Cg, het-
eroaryl group containing nitrogen bonded to M include
pyridine, 4-methoxy pyridine, quinoline, pyrrole, indole,
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pyrazine, pyrazole, imidazole, pyrimidine, quinazoline, thia-
zole, oxazole, triazine, 1,2,4-triazole, ctc.

[0050] In CyC of Formula 1, specific examples of the
substituted or unsubstituted C,-C,, carbocyclic group con-
taining carbon bonded to M include cyclohexane, cyclopen-
tane, etc.; specific examples of the substituted or unsubsti-
tuted C5-Cq, heterocyclic group containing carbon bonded
to M include tetrahydrofuran, 1,3-dioxane, 1,3-dithiane,
1,3-dithiolane, 1,4-dioxa-8-azaspiro[4,5]|decane, 1,4-dioxas-
piro[4,5]decan-2-one, etc.; specific examples of the substi-
tuted or unsubstituted C;-C,,, aryl group containing carbon
bonded to M include phenyl, 1,3-(benzodioxole), biphenyl,
naphthalene, anthracene, azulene, etc.; and specific
examples of the substituted or unsubstituted C5-C, het-
eroaryl group containing carbon bonded to M include
thiophene, furan2(5H)-firanone, pyridine, coumarin, imida-
zole, 2-phenylpyridine, 2-benzothiazole, 2-benzoxazole,
1-phenylpyrazole, 1-naphthylpyrazolel-naphthylpyrazole,
5-(4-methoxyphenyl)pyrazole, 2,5-bisphenyl-1,3,4-oxadia-
zole, 2,3-benzofuran2-(4-biphenyl)-6-phenyl benzooxazole,
ete.

[0051] In Formula 1, the respective substituents of CyN-
CyC are interconnected to form a substituted or unsubsti-
tuted 4- to 7-membered cyclic group or a substituted or
unsubstituted 4- to 7-membered heterocyclic group, in par-
ticular, a fused 4- to 7-membered cyclic or heterocyclic
group. The cyclic group or the hetero cyclic group is a
C -Cj, cycloalkyl group, a C,-Cy, heterocyeloalkyl group, a
Cs-Csp aryl group, or a C,-Cy, heteroallyl group, and each
cyclic group or heterocyclic group can be substituted by one
or more substituents. The term “hetero” used herein is
intended to encompass heteroatoms such as N, O, P, and S.

[0052] The substituent is a halogen atom, —OR,',
“NR,) —P®R,), —POR/, —PO,R,, —POR,,
—SR;, —Si(R,)s, —B(R,),, —B(OR;),, —C(O)R,,
—C(0)OR,", —C(O)N(R,), —CN, —NO,, —SO.,,
—SOR,', —SO,R,', or —SO4R ', and R," is defined in the
same manner as R.

[0053] A represents a monocationic monodentate ligand
containing nitrogen bonded to M; and X represents a
monoanionic monodentate ligand such as F, Cl, Br, I, CN,
CN(R), SCN, or OCN.

[0054] Non-limiting examples of A (i.e., the group con-
taining nitrogen bonded to M) include a compound derived
from one selected from the group consisting of substituted or
unsubstituted triethylamine, propylamine, cyclohexylamine,
pyrrolidine, pyrroline, piperidine, pyrimidine, indole, aza-
indole, carbazole, indazole, norharman, harman, aniline,
imidazole, oxazole, thiazole, pyrazole, pyrrole, benzimida-
zole, benzotriazole, benzoxazole, benzothiazole, benzosel-
enazole, benzothiadiozole, isoxazole, isothiazole, oxadiaz-
ole, thiadiazole, anthranyl, triazine, benzisoazole, pyrazine,
quinoline, benzoquinoline, acridine, thiazoline, quinuclid-
ine, imidazoline, oxazoline, thiazoline, and isoquinoline.

[0055] Y is a linker that links two organometallic com-
plexes is a C,-C,, alkylene group; a C4-C,, arylene group;
a C;-C,, heteroalkylene group; a C,-C,, heteroarylene
group; a C5-C, heteroarylalkylene group; a carbonyl group;
or a group derived from symmetrical triarylamines, asym-
metrical triarylamines, phenylenevinylenes, polyfluorenes,
polythiophenes, vinylcabazols, ethylene dioxypiophenes,
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silanes, siloxanes, or derivatives of these. If Y is a group
derived from siloxane derivatives, it is preferable that a
number of a siloxane moiety (Si(R")R")—O0— where each
of R' and R" is an alkyl group) included therein is less than
or equal to 15. Examples of a siloxane derivative containing
less than or equal to 15 siloxane moieties include disiloxane,
trisiloxane, tetrasiloxane, and pentasiloxane.

[0056] Y may be a dimethylsilyl group, a tetramethyldisi-
loxyl group, a hexamethyltrisiloxyl group, an octamethyltet-
rasiloxyl group, an ethyl group, a propyl group, a butyl
group, a pentyl group, a hexyl group, a heptyl group, an
octyl group, a penyl group, a tetrafluorophenyl group, a
bipenylene group, a naphthylene group, a cyclohexylene
group, or a divalent group derived from the group consisting
of 1,2-bis(4-pyridyl)ethane, 1-Carbazolyl-4-(1-
naphthylphenylamino)benzene(NaCP),  1-Carbazolyl-4-
(diphenylamino)benzene(DCP), 1-Carbazolyl-4-(phenyl-m-
tolylamino)benzene(TCP), 1-Carbazolyl-4-
(iminodibenzyl)benzene(BCP), 1-Carbazole-4-
(iminostilbenyl)benzene(SCP), 1-(1-
Naphthylphenylamino)-4-(diphenylamino)benzene(DNaP),
1-(1-Naphthylphenylamino)-4-(phenyl-m-
tolylamino)benzene(TNaP), 1-(1-Naphthylphenylamino)-
4-(iminodibenzyl)benzene(BNaP),  1-(1-Naphthylpheny-
lamino)-4-(iminostilbenyl)benzene(SNaP),
1-(Diphenylamino)-4-(phenyl-m-tolylamino)ben-

zene(TDP), 1-(Diphenylamino)-4-(iminodibenzyl)ben-
zene(BDP),  1-(Diphenylamino)-4-(iminostilbenyl)benze-
ne(SDP), 1-(Phenyl-m-tolylamino)-4-

(iminodibenzyl)benzene(BTP), 1-(Phenyl-m-tolylamino)-4-
(iminostilbenyl)benzene(STP), 1-(Iminodibenzyl-4-
(iminostilbenyl)benzene(SBP), 4-Carbazolyl-4'-(2-
naphthylphenylamino)biphenyl(NbCB),  4-Carbazolyl-4'-
(diphenylamino)biphenyl(DCB), 4-Carbazolyl-4'-(phenyl-
m-tolylamino)biphenyl(TCB), 4-Carbazolyl-4'-
(iminodibenzyl)biphenyl(BCB), 4-Carbazolyl-4'-

(iminostilbenyl)biphenyl(SCB), 4-(1-
Naphthylphenylamino)-4'-(2-
naphthylphenylamino)biphenyl(NbNaB), 4-(1-
Naphthylphenylamino)-4'-
(diphenylamino)biphenyl(DNaB), 4-(1-

Naphthylphenylamino)-4'-(phenyl-m-
tolylamino)biphenyl(TNaB), 4-(1-Naphthylphenylamino)-
4'(iminodibenzyl)biphenyl(BNaB), 4-(1-
Naphthylphenylamino)-4'-(iminostilbenyl)biphenyl(SNaB),
4-(Diphenylamino)-4'-(phenyl-m-tolylamino)biphe-
nyl(TDB), 4-(Diphenylamino)-4'-(iminodibenzyl)biphenyl-
(BDB), 4-(Diphenylamino)-4'-(iminostilbenyl)biphe-
nyl(SDB), 4-(Phenyl-m-tolylamino)-4'-
(iminodibenzyl)biphenyl(BTB), 4-(Phenyl-m-tolylamino)-
4'((iminostilbenyl)biphenyl(STB),  4-(Iminodibenzyl)-4'-
(iminostilbenyl)biphenyl(SBB), 1,4-

Bis(carbazolyl)benzene(CCP)], 1,4-Bis(1-
naphthylphenylamino)benzene(NaNaP), 1,4-Bis(2-
naphthylphenylamino)benzene(NbNbP), 1,4-
Bis(diphenylamino)benzene(DDP), 1,4-Bis(phenyl-m-
tolylamino)benzene(TTP), 1,4-
Bis(iminobenzyl)benzene(BBB), 1,4-
Bis(iminostilbenyl)benzene(SSP), 1,4-Bis(2-
naphthylphenylamino)biphenyl(NbNbB), 1,4-
Bis(diphenylamino)biphenyl(DDB), 1,4-Bis(phenyl-m-
tolylamino)biphenyl(TTB), 1,4-

Bis(iminostilbenyl)biphenyl(SSB),  poly(3-cyclohexyl-2-
methylthiophene)| PCHMT], poly(3-cyclohexylthiophene)
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[PCHT], poly(3-(4-octylphenyl)-2,2"-bithiophene) PTOPT],
poly(3-octylphenylthiophene)[POPT], poly dialkoxy-(p-
phenylene vinylene)RO-PPV]}, poly cyano-(p-phenylene
vinylene)] CN-PPV], poly(2-methoxy 5-(2'-ethylhexyloxy)-
1,4-phenylenevinylene)] MEH-PPV], poly dialkoxy-p-phe-
nylene[RO-PPP], poly fluoroalkyl-p-phenylene[FA-PPP],
poly(p-phenylphenylene vinylene)[PPPV], poly(9-vinylcar-
bazole)[PVK], poly(3,4-ethylene  dioxythiophene)[PE-
DOT], poly(3,4-cthylene dioxythiophene) doped with poly-
(styrene sulfonate)] PEDOT:PSS], poly dialkyl fluorene
[PDAF], poly spirofluorene[PSF], poly diethyl silane
[PDES], poly methylphenyl silane[PMPS], poly
dicyclohexyl silane[ PCHS], and poly di(4-n-butylphenyl)si-
lane[ PBPE].

[0057] The binuclear organometallic complex may be
represented by Formula 8 or Formula 9 below:

Formula 8

s}

AN
A\

/\‘
>¢z
/

N — -1
|
_Sl_
|
[e]
|
_Sl_
|
[e]
|
|
|
[¢]
|
Y
|
_ R — N.
6
N T
| \
2N /
Ir
F \ \X
P
- F -}

[0058] wherein Ry is a C,_,, alkyl group or —N(R),
where R is a C,_;, alkyl group; and X is E, C1, Br, I,
CN, CN(R), SCN, or OCN,
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Formula 9

F

[0059] wherein R is a C,_;, alkyl group or —N(R),
where R is a C,_;, alkyl group; X is E, Cl, Br, I, CN,
CN(R), SCN, or OCN; and Y is a C,_,, alkylene
group, a Cg_, arylene group, a C, 5, heteroarylene
group, or a carbonyl group.

[0060] The binuclear organometallic complex represented
by Formula 1 may be a compound selected from the com-
pounds represented by Formulas 3 through 7:

Formula 3

Ve
o]

—m_—O—JJ.—O—m_—O—m_—z

4

_/
N
W;

les]

e}

-continued

N
(¥

I
N
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Formula 4
. -
F
N7
\ CH,
—1
Formula §
. —
F
P
N(CHs),_|




US 2005/0142381 Al

-continued

Formula 6

[0061] The binuclear organometallic complex is repre-
sented by Formula 1 can be prepared by a method in which
a [Ir(C"N),Cl], derivative is used as a starting material for
providing cyclometalating moiety, as reported by Watts et al
(See F. O. Garces, R. J. Watts, Inorg. Chem. (35), 2450,
1988, which is incorporated herein by reference). Alterna-
tively, a mononuclear organometallic complex can be syn-
thesized, and then reacted with a compound capable of
bonding a ligand to form a binuclear organometallic com-
plex.

[0062] The organic EL device according to the present
invention is manufactured by forming an organic layer, in
particular, a electroluminescent layer, comprising the binul-
cear organometallic complex represented by Formula 1. The
binuclear organometallic complex represented by Formula 1
is used as a phosphorescent dopant material, which is a
material for forming the electroluminescent layer, and
exhibits excellent emission characteristics in the blue range.

[0063] When the binuclear organometallic complex rep-
resented by Formula 1 is used as a phosphorescent dopant,
the organic layer may further comprise at least a compound
selected from the group consisting of at least one polymer
host, a mixture of a polymer host and a low molecular
weight molecule host, a low molecular weight molecule
host, and non-luminous polymer matrix. The polymer host,
the low molecular weight molecule host and the non-
luminous polymer matrix may be any conventional materials
for forming a electroluminescent layer of an organic EL
device. Examples of the polymer host include, but are not
limited to, poly(vinylcarbazole)(PVK), and polyfluorenc.
Examples of the low molecular weight molecule host
include, but are not limited to, CBP(4,4'-N,N'-dicarbazole-
biphenyl),  4,4'-bis[9-(3,6-biphenylcarbazolyl)]-1-1,1'-bi-
phenyl{4,4'-bis[9-(3,6-biphenylcarbazolyl)]-1-1,1'-biphe-

nyl}, 9,10-bis[(2',7'-t-butyl)-9',9"-
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spirobifluorenylanthracene, and tetrafluorene. Examples of
the non-luminous polymer matrix include, but are not lim-
ited to, polymethacrylate and polystyrene.

[0064] The concentration of the binuclear organometallic
complex represented by Formula 1 may be 1 to 30 parts by
weight based on 100 parts by weight of the total weight of
the electroluminescent layer forming material. Methods of
introducing the binuclear organometallic complex into the
electroluminescent layer include printing, coating, ink-jet
printing, and electron-beam application. In addition, the
binuclear organometallic complex represented by Formula 1
can induce white ¢lectroluminescence when combined with
green or red luminescent materials. The thickness of the
organic layer may be in the range of about 30 to 100 nm. The
term “organic layer” used herein refers to a layer composed
of an organic compound formed interposed a pair of elec-
trodes in an organic electroluminescent device, for example,
a electroluminescent layer, an electron transport layer, or a
hole transport layer. The organic electroluminescent device
can have a structure selected from the group consisting of an
anode/electroluminescent layer/anode structure, an anode/
buffer layer/electroluminescent layer/cathode structure, an
anode/hole transport layer/electroluminescent layer/cathode
structure, an anode/buffer layer/hole transport layer/elec-
troluminescent layer/cathode structure, an anode/buffer
layer/hole transport layer/electroluminescent layer/electron
transport layer/cathode structure, and an anode/buffer layer/
hole transport layer/electroluminescent layer/hole blocking
layer/cathode structure, but is not limited to these structures.

[0065] The buffer layer may be composed of any materials
commonly used in the art, such as copper phthalocyanine,
polythiophene, polyaniline, polyacetylene, polypyrrole,
polyphenylene vinylene, and derivatives thereof, but is not
limited thereto.

[0066] The hole transport layer may be composed of any
materials commonly used in the art, such as polytripheny-
lamine, but is not limited thereto.

[0067] The electron transport layer may be composed of
any materials commonly used in the art, such as polyoxa-
diazole, but is not limited thereto.

[0068] The hole blocking layer may be composed of any
materials commonly used in the art, such as LiF, BaF,, and
MgF,, but is not limited thereto.

[0069] The organic electroluminescence device according
to the present invention can be manufactured using a method
of manufacturing an organic electroluminescence device in
which conventional light-emitting materials are used, with-
out the use of specific apparatus and methods.

[0070] The binuclear organometallic complex can emit
light with wavelengths in a range from 400 to 650 nm. Light
emitting diodes using the binuclear organometallic complex
can be used in applications such as light sources for a full
color display illumination, backlighting, signboards, optical
communication, and indoor decoration.

[0071] Hereinafter, the present invention will now be
described in more detail with reference to the following
Examples. These examples are for illustrative purposes only
and are not intended to limit the scope of the invention.



US 2005/0142381 Al

PREPARATION EXAMPLE 1

Synthesis of F,PPY Dimer

[0072]
F
F B(OH), +
2M-NaCOy/EtOH
Br A —
\ / Pd(0)/Toluene/120° C.
N
F
F
\_7/
N
FoppyH
/ N
2-Methoxyethanol/H,O
F + TClyenlL0O ethoxyethanol Hy
130° C.
F
> N\ . /N F
>Ir\ >Ir\
F. Cl F
— F —2 L F —2
Fsppy Dimer

[0073] 19.85 g (1.25x10* mmol) of 2-bromopyridine,
25.00 g (1.58x10* mmol) of 2,4-difluorophenyl boronic
acid, 100 mL toluene, 48 mL of ethanol, and 2M sodium
carbonate solution were added to a 500 mL flask, and stirred
under a nitrogen atmosphere at room temperature. Then,
4.53 g (3.92 mmol) of tetrakis(triphenylphosphine) palla-
dium(0) was added to the reaction mixture and refluxed for
15 hours under a nitrogen atmosphere without exposure to
light.

[0074] After the reaction was completed, the temperature
of the reaction mixture was adjusted to room temperature,
and the reaction mixture was extracted using ethyl acetate
and water and isolated by column chromatography eluting
with 10:1 (by volume) toluene/hexane, thus producing a
light brown liquid (F,ppyH).

[0075] A 2-(4,6-difluorophenylpyridine) monomer pre-
pared above, and IrCl, nH,O were used to prepare a Foppy
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dimer in a yellow powder state. The preparation method
described in J. Am. Chem. Soc., 1984, 100, 6647-6653 was
incorporated herein by reference.

[0076] '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].

PREPARATION EXAMPLE 2

Synthesis of F,PMP Dimer

[0077]
®
/ N
. + TCLHL,0 2—Methoxyeothanol/HzO
130° C.
F
Z N\ N. /
\Ir<CI>Ir
V
F. Cl F
7z |
x
— F —_— — F —

o

Fypmp Dimer

[0078] A F,pmp dimer was synthesized in the same man-
ner as in Preparation Example 1, except that 2-bromo-4-
methylpyridine was used instead of 2-bromopyridine.

[0079] "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]

PREPARATION EXAMPLE 3

Synthesis of DMAF,PPY Dimer

[0080]
N
- | AN
/N
2-Methoxyethano/EL,O
B + IClynL0 ethoxyethanol/Hy
130°C.
F
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-continued
T
/N\ /
\Ir<CI>Ir
4
F. Cl F
7 |
AN
L F - — F -1
DMAF;ppy Dimer

[0081] A DMAF,ppy dimer was synthesized in the same
manner as in Preparation Example 1, except that 2-bromo-
4-(NN'-dimethyl)pyridine was used instead of 2-bromopy-
ridine.

[0082] "H-NMR(CD,CL,ppm): 8.7[d, 4H], 7.5[t, 4H], 6.3
[m, 4H], 6.1[m, 4H15.4[d, 4H], 3.2[s, 24H]

PREPARATION EXAMPLE 4

Synthesis of Binuclear Organomatellic Complex
Represented by Formula 3

[0083] 0.4 mmol of the F,pmp dimer, and 0.88 mmol of
1-methyl imidazole were placed in a 250 mL flask, dissolved
in 30 mL methylene chloride under a nitrogen atmosphere
and reacted at room temperature for 10 hours.

[0084] After the reaction was completed, the reaction
mixture was passed through a pad of celite for filtration,
followed by precipitating in 100 mL hexane, producing a
mononuclear organometallic complex in a yellow powder
state. 0.5 mmol of the mononuclear organometallic complex
was dissolved in 20 ml methylene chloride in a reactor, 2.5
mmol potassium cyanide dissolved in 15 ml methanol was
added thereto, and the result was stirred at room temperature
for 3 hours. After the reaction was completed, the reaction
solution was filtered through a pad of celite and the filtrate
was precipitated in hexane, thereby acquiring a yellow
powder. 0.03mmol of the acquired yellow powder and 0.33
mmol of triethylamine were placed in a 250 mL flask, and
then 0.15 mmol of 1,7-dichlorooctamethyltetrasiloxane was
slowly added thereto at OJ. Then, the mixture solution was
reacted at room temperature for 10 hours. After the reaction
was completed, the reaction solution was passed through a
pad of celite for filtration, and then a reaction solvent and a
volatile material were removed from the filtrate under
reduced pressure. The resultant mixture was completely
dissolved in 10 mL tetrahydrofuran. The solution was fil-
tered using a 0.2 um filter to remove fme solid components,
and then the filtered solution was precipitated by adding 50
mL of hexane to acquire a binuclear organometallic complex
in a yellow powder state. The resultant yellow powder was
purified by silica gel column chromatography using a 10:1
mixed solvent of methylene chloride and acetone. The final
product was identified by TH-NMR spectroscopy.

[0085] 'H-NMR(CD,CL,ppm): 9.5[d, 2H], 8.1[s, 2H],
8.0[s, 2H], 7.88[s, 2H], 7.85[d, 2H], 7.0[d, 2H], 6.9[d, 2H],
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6.8[s, 2H], 6.7[s, 2H], 6.3-6.5m, 4H], 5.7[m, 4H], 3.6[s, 6H],
2.5[d, 12H], 0.13[s, 12H], 0.09[s, 12H]

[0086] The emission characteristics of the obtained
binuclear organometallic complex represented by Formula 3
were determined in the following manner.

[0087] First, the binuclear organometallic complex repre-
sented by Formula 3 was dissolved in methylene chloride to
prepare a 10~ M solution, and then emission characteristics
of the compound being in the solution state were evaluated.

[0088] The results showed that the binuclear organome-
tallic complex represented by Formula 3 had an emission
wavelength peak at 455.8 nm with a shoulder at 482.5 nm,
and that the CIE (Commission Internationale de ’Eclairage)
color coordinate (X, y) of the binuclear organometallic
complex represented by Formula 3 was (0.147, 0.195).

PREPARATION EXAMPLE 5

Synthesis of Binuclear Organometallic Complex
Represented by Formula 4

[0089] The binuclear organometallic complex represented
by Formula 4 was synthesized in the same manner as in
Preparation Example 4, except that pyrazole was used
instead of 1-methylimidazole, and the final product was
identified by 'H-NMR spectroscopy.

[0090] 'H-NMR(CD,CL,,ppm): 10.8[s, 2H], 9.6¢[d, 2H],
8.1[s, 2H], 8.0[s, 2H], 7.77[s, 2H], 7.55[d, 2H], 7.13[d, 2H],
6.96[d, 2H], 6.7s, 2H], 6.5[m, 2H], 6.4[m, 2H], 6.25s, 2H],
5.8[d-d, 2H], 5.6[d-d, 2H], 2.55[d, 12H]. 0.13[s, 12H],
0.09[s, 12H]

[0091] The emission characteristics of the obtained
binuclear organometallic complex represented by Formula 4
were determined in the same manner as in Preparation
Example 4 . The binuclear organometallic complex repre-
sented by Formula 4 had an emission wavelength peak at
468 nm with a shoulder at 490 nm in a solution state. The
CIE color coordinate (x, y) of the binuclear organometallic
complex represented by Formula 4 was (0.1443, 0.2669).

PREPARATION EXAMPLE 6

Synthesis of Binuclear Organometallic Complex
Represented by Formula 5

[0092] The binuclear organometallic complex represented
by Formula 5 was synthesized in the same manner as in
Preparation Example 4, except that the DMAF,ppy dimer,
rather than the F,pmp dimer, was used, and the final product
was identified by ‘H-NMR spectroscopy.

[0093] "H-NMR(CD,CL,, ppm): 10.8[s, 2H], 9.25[d, 2H],
7.74[s, 2H], 7.48[t,2H], 7.42[1, 2H], 718[d, 2H], 6.7[s, 2H],
6.56[d-d, 2H], 6.39-6.42[m, 4H], 6.20-6.24[m, 4H], 5.03[d-
d, 2H], 5.74[d-d, 2H], 3.1[d, 24H], 0.13[s, 12H], 0.09[s,
12H]

[0094] The emission characteristics of the obtained
binuclear organometallic complex represented by Formula 5
were determined in the same manner as in Preparation
Example 4. The binuclear organometallic complex repre-
sented by Formula 5 had an emission wavelength peak at
458 nm with a shoulder at 480 nm in a solution state. The
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CIE color coordinate (x, y) of the binuclear organometallic
complex represented by Formula 5 was (0.1445, 0.1858).

PREPARATION EXAMPLE 7

Synthesis of Binuclear Organometallic Complex
Represented by Formula 6

[0095] 0.5 mmol of the F,ppy dimer, and 0.250 mmol of
1,2-bis(4-pyridyl)ethane were placed in a 250 mL multi-
necked flask, dissolved in 30 mL methylene chloride under
a nitrogen atmosphere, and reacted at room temperature for
10 hours. After the reaction was completed, the reaction
mixture was passed through a pad of celite for filtration.
Then, the filtrate was precipitated in 100 mL hexane, thus
producing in a yellow powder state a binuclear organome-
tallic complex containing a ligand substituted with 1,2-
bis(4-pyridyl)ethane. 0.5 mmol of the binuclear organome-
tallic complex was dissolved in 20 m] methylene chloride in
a reactor, 2.5 mmol potassium cyanide dissolved in 15 ml
methanol was added thereto, and the result was stirred at
room temperature for 3 hours. After the reaction was com-
pleted, the reaction solution was filtered by passing through
a pad of celite, and a reaction solvent and a volatile material
were removed from the filtered solution under reduced
pressure. The resultant mixture was completely dissolved in
10 mL tetrahydrofuran. The solution was filtered using a 0.2
um filter to remove fme solid components, and then pre-
cipitated in 50 mL hexane to acquire a binuclear organome-
tallic complex in a yellow powder state. The resultant yellow
powder was purified by silica gel column chromatography
using a 10:1 mixed solvent of methylene chloride and
acetone. The final product was identified by "H-NMR spec-
troscopy.

[0096] 'H-NMR(CD,CL,ppm): 9.5[d, 2H], 8.1[s, 2H],
8.0[s, 2H], 7.88[s, 2H],7.85[d, 2H], 7.0[d, 2H], 6.9[d, 2H],
6.8[s, 2H], 6.7[s, 2H], 6.3-6.5[m, 4H 1, 5.7[m, 4H], 3.6[s,
6H], 2.5[d, 12H], 0.13[s, 12H], 0.09s, 12H]

[0097] The emission characteristics of the obtained
binuclear organometallic complex represented by Formula 6
were determined in the following manners.

[0098] First, the binuclear organometallic complex repre-
sented by Formula 6 was dissolved in methylene chloride to
prepare a 10~ M solution, and then emission characteristics
of the binuclear organometallic complex represented by
Formula 6 were evaluated in the solution state.

[0099] The results showed that the binuclear organome-
tallic complex represented by Formula 6 obtained in the
above-mentioned manner had an emission wavelength peak
at 457 nm with a shoulder at 478 nm, and that the CIE color
coordinate (x, y) of the binuclear organometallic complex
represented by Formula 6 was (0.146, 0.188).

PREPARATION EXAMPLE 8

Synthesis of Binuclear Organometallic Complex
Represented by Formula 7

[0100] The binuclear organometallic complex represented
by Formula 7 was synthesized in the same manner as in
Preparation Example 7, except that 1,1'-Carbonyldiimida-
zole was used instead of 1,2-bis(4-pyridyl) and the final
product was identified by "H-NMR spectroscopy.
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[0101] 'H-NMR(CD,CL, ppm): 10.8[s, 2H], 9.25[d, 2H],
7.74[s, 2H], 7.48[t, 2H], 7.42[t, 2H], 718[d, 2H], 6.7[s, 2H],
6.56[d-d, 2H], 6.39-6.42[m, 4H], 6.20-6.24[m, 4H], 5.93[d-
d, 2H], 5.74[d-d, 2H], 3.1[d, 24H], 0.13[s, 12H], 0.09[s,
12H]

[0102] The emission characteristics of the obtained
binuclear organometallic complex represented by Formula 7
were determined in the same manner as in Preparation
Example 7. The binuclear organometallic complex repre-
sented by Formula 7 had an emission wavelength peak at
458 nm with a shoulder at 485 nm in a solution state. The
CIE color coordinate (x, y) of the binuclear organometallic
complex represented by Formula 7 was (0.145, 0.262).

[0103] The binuclear organometallic complex represented
by Formula 1 can efficiently emit light with a wavelength in
a blue range to a red range using triplet MLCT. The
organometallic complex is suitably used to form an organic
layer of an organic electroluminescent device, and can emit
light in a wavelength range of 400-650 nm. Also, the
binuclear organometallic complex may be used to produce
white electroluminescence when combined with green and
red luminescent materials.

[0104] 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. An organometallic complex represented by Formula 1:

A A
Y

CyN @746 cC
y y N vl |

M M|

N\ s/
X
n

)

CyC X NCy

1

wherein M is a metal selected from the group consisting
of Ir, Os, Pt, Pb, Re, Ru, and Pd;

CyN is a substituted or unsubstituted C,-C, heterocyclic
group containing nitrogen bonded to M, or a substituted
or unsubstituted C,-Cq,, heteroaryl group containing
nitrogen bonded to M;

CyC is selected from the group consisting of a substituted
or unsubstituted C,-C,, carbocyclic group containing
carbon bonded to M, a substituted or unsubstituted
C -Cy, heterocyclic group containing carbon bonded to
M, a substituted or unsubstituted C;-Cg4, aryl group
containing carbon bonded to M, and a substituted or
unsubstituted C5-Cq, heteroaryl group containing car-
bon bonded to M;

CyN-CyC is a cyclometalating ligand bonded to M
through nitrogen (N) and carbon (C);

Y is a linker connecting two mononuclear organometallic
complexes to each other;

A is a group containing nitrogen bonded to M;
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11
X is a monoanionic monodentate ligand; and
) -continued
nis 1or?2. R, N
) ) o M X
2. The organometallic complex of claim 1, wherein the e
cyclometalating ligand (CyN-CyC) is represented by one of | \ /
the following formulas: /
NN
"
R | Y
D |
|
THRA
x R3/ Ry
Rl — Rl /4
\\ ) TN
NN NN
o}
7 | x
NX N
Ry : Ry :_Rz
a AN
N(CH,CH;),
Rl\_ Rl\_
Ry
\ /  \ / z" \
7N
S\ A N\ S\ Z N\ N
7
/ S \ Ro—— |
RN N
S \
Ry RZ
R Ry
L E
P RN
7N I Z I
R3_ |_R2 I_R2
X




-continued

Rl\/—\
\
Rl

Ry

/
\
=

Z1is S, O, or NR, where R is hydrogen or a C,-C,, alkyl

group.

3. The organometallic complex of claim 1, wherein A is
derived from one selected from the group consisting of
substituted or unsubstituted triethylamine, propylamine,
cyclohexylamine, pyrrolidine, pyrroline, piperidine, pyrimi-
dine, indole, azaindole, carbazole, indazole, norharman,
harman, aniline, imidazole, oxazole, thiazole, pyrazole, pyr-
role, benzimidazole, benzotriazole, benzoxazole, benzothia-
zole, benzoselenazole, benzothiadiozole, isoxazole, isothia-
zole, oxadiazole, thiadiazole, anthranyl, triazine,
benzisoxazole, pyrazine, quinoline, benzoquinoline, acri-
dine, thiazoline, quinuclidine, imidazoline, oxazoline, thia-
zoline, and isoquinoline.

4. The organometallic complex of claim 1, wherein X is
selected from the group consisting of F, Cl, Br, I, CN, SCN,
and OCN.

5. The organometallic complex of claim 1, wherein Y is
a C;-C, alkylene group, a Cy-Cyq arylene group, a C;-Cyg
heteroalkylene group, a C,-C,, heteroarylene group, a

12
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C;-C,, heteroarylalkylene group, a carbonyl group, or a
group derived from compounds selected from the group
consisting of symmetrical triarylamines, asymmetrical tri-
poly-
dioxypiophenes,

arylamines, phenylenevinylenes, polyfluorenes,

thiophenes, vinylcabazols, ethylene

silanes, siloxanes, and derivatives of thereof.

6. The organometallic complex of claim 1, wherein M is
Ir or Pt.

7. The organometallic complex of claim 1, wherein said
organometallic complex is represented by Formula 8 or

Formula 9:
®)
. _
g
o NN
Ir\
N/ N |
o [K
N — R
|
0
|
_Sl_
|
0
|
|
—i—
|
o)
|
_—i—
) N
R¢
N U
N ///
It
B N N
| i
L F

wherein Ry is a C;_, alkyl group or —N(R), where R is
a Cy_;, alkyl group and X is E, Cl, Br, I, CN, CN(R),
SCN, or OCN;



wherein R, is a C;_;, alkyl group or —N(R), where R is
a C, ,, alkyl group; X is F, Cl, Br, I, CN, CN(R), SCN,
or OCN; and Y is a C,_;, alkylene group, a C, ,,
arylene group, a C,,, heteroarylene group, or a car-

bonyl group.

8. The organometallic complex of claim 1, wherein the
organometallic compound is selected from the group con-
sisting of compounds represented by Formulas 3 through 7:

\

e}

©

13

i8¢

ol

A
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-continued

®

o

N/ Ir
N
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-continued

©

9. An organic electroluminescent device, comprising:
a pair of electrodes; and

an organic layer interposed between said pair of elec-
trodes, the organic layer comprising the binuclear orga-
nometallic complex represented by Formula 1:

@

| >

X NCy
n

A A
Y

CyN O_ _G cc

y y N y

l M M

N /
cyC X
n

wherein M is a metal selected from the group consisting
of Ir, Os, Pt, Pb, Re, Ru, and Pd;

CyN is a substituted or unsubstituted C;-C, heterocyclic
group containing nitrogen bonded to M, or a substituted
or unsubstituted C;-Cq,, heteroaryl group containing
nitrogen bonded to M;

CyC is a substituted or unsubstituted C,-Cy, carbocyclic
group containing carbon bonded to M, a substituted or
unsubstituted C,-C,, heterocyclic group containing
carbon bonded to M, a substituted or unsubstituted
C-Cs, aryl group containing carbon bonded to M, or a
substituted or unsubstituted C5-Cg, heteroaryl group
containing carbon bonded to M;

CyN-CyC is a cyclometalating ligand bonded to M
through nitrogen (N) and carbon (C);
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Y is a linker connecting two mononuclear organometallic
complexes to each other;

A is a group containing nitrogen bonded to M;
X is a monoanionic monodentate ligand; and

nis 1or2

10. The organic electroluminescent device of claim 9,
wherein the organic layer further comprises at least a com-
pound selected from the group consisting of at least one
polymer host, a mixture of a polymer host and a low
molecular weight molecule host, a low molecular weight
molecule host, and non-luminous polymer matrix.

11. The organic electroluminescent device of claim 9,
wherein the organic layer further comprises a green lumi-
nescent material and a red luminescent material.

12. The organic electroluminescent device of claim 9,
wherein the cyclometalating ligand (CyN-CyC) is repre-
sented by one of the following formulas:
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-continued
R R S XN
YA
© /N\ NN - v
o /I\\
% 7
K{ P B |
Ry \
Ry RS/—
S SN
| \_/
Va
S /N\
ad
T | avYs |
I_Rz Yo Xy
\ Ry \RZ
O 0
SNAN NPAN
7 | N
N A
Rs_: R :_Rz
F A
N(CH,CHz),
Rl\_ Rin/—

X
R, Ro
Ry q R !
T\ T\
AN A
Z N 7
R3_ |_R2 I_R2
X X
a
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-continued
Rl\/,—\\
DA NNDN
\ 7
PR SN
)@ S
Ry | 7
\) ] 7 |
Rz\ \/\
R;
Ring
lzﬂ\
N
7
R— |
N
7
vl ]
A

wherein each of R,, R,, R4, R, and Ry is independently
selected from the group consisting of a monosubsti-
tuted or polysubstituted group, and is selected from the
group consisting of hydrogen, a halogen atom, —OR,
—N(R),, —P(R),, —POR, —PO,R, —PO,R, —SR,
—Si(R);, —B(R),, —B(OR),, —C(O)R, —C(O)OR,
—C(O)N(R), —CN, —NO,, —S80,, —SOR, —SO,R,
—S04R,a C;-C,q alkyl group, and a C4-C,, aryl group,
where R is hydrogen, a substituted or unsubstituted

C-Cy, alkyl group, a substituted or unsubstituted
C-Cyp alkoxy group, a substituted or unsubstituted
C-C,, alkenyl group, a substituted or unsubstituted
C-Cyy alkynyl group, a substituted or unsubstituted

C -Cy, heteroalkyl group, a substituted or unsubstituted
Cy-C,o aryl group, a substituted or unsubstituted C -C,,
arylalkyl group, a substituted or unsubstituted C,-C,,
alkylaryl group, a substituted or unsubstituted C,-C,,
heteroaryl group, and a substituted or unsubstituted
C-C,, heteroarylalkyl group; and

Zis S, O, or NR, where R, is hydrogen or a C;-C, alkyl

group.

13. The organic electroluminescent device of claim 9,
wherein A is derived from one selected from the group
consisting of substituted or unsubstituted triethylamine, pro-
pylamine, cyclohexylamine, pyrrolidine, pyrroline, piperi-
dine, pyrimidine, indole, azaindole, carbazole, indazole,
norharman, harman, aniline, imidazole, oxazole, thiazole,
pyrazole, pyrrole, benzimidazole, benzotriazole, benzox-
azole, benzothiazole, benzoselenazole, benzothiadiozole,
isoxazole, isothiazole, oxadiazole, thiadiazole, anthranyl,
triazine, benzisoxazole, pyrazine, quinoline, benzoquino-
line, acridine, thiazoline, quinuclidine, imidazoline, oxazo-
line, thiazoline, and isoquinoline.
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14. The organic electroluminescent device of claim 12,
wherein X is selected from the group consisting of F, Cl, Br,
I, CN, CN(R), SCN, and OCN, and R is a substituted or
unsubstituted C,-C,, alkyl group.

15. The organic electroluminescent device of claim 9,
wherein Y is a C;-C,, alkylene group, a C4-C,q arylene
group, a C,-C,, heteroalkylene group, a C,-C,, het-
eroarylene group, a C;-C,, heteroarylalkylene group, a
carbonyl group, or a group derived from compounds
selected from the group consisting of symmetrical triary-
lamines, asymmetrical triarylamines, phenylenevinylenes,
polyfluorenes, polythiophenes, vinylcabazols, ethylene
dioxypiophenes, silanes, siloxanes, and derivatives of
thereof.

16. The organic electroluminescent device of claim 9,
wherein M is Ir or Pt.

17. The organic electroluminescent device of claim 9,

wherein the organometallic complex is represented by For-
mula 8 or Formula 9:

e}

AN
B\

/~
>/z
/

R¢

wherein R, is a C,_;, alkyl group or —N(R), where R is
a C,_y, alkyl group and X is F, Cl, Br, I, CN, CN(R),
SCN, or OCN;
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wherein R, is a C,_;, alkyl group or —N(R), where R is
a C, ,, alkyl group; X is F, CL, Br, I, CN, CN(R), SCN,
or OCN; and Y is a C; ;, alkylene group, a Cq4 o
arylene group, a C,_,, heteroarylene group, or a car-
bonyl group.

18. The organic electroluminescent device of claim 9,
wherein the organometallic compound is selected from the
group consisting of compounds represented by Formulas 3
through 7:

®
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-continued
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19. The organic electroluminescent device of claim 9,
wherein the organic layer including an electroluminescent
layer, and the concentration of the binuclear organometallic
complex represented by Formula 1 is in a range of 1 to 30
parts by weight based on 100 parts by weight of the total
weight of the electroluminescent layer.

®) 20. An organic electroluminescent device, comprising:

a pair of electrodes; and

an organic layer interposed between said pair of elec-
trodes, the organic layer comprising the binuclear orga-
F nometallic complex represented by Formula 1:

A A
s \
M M
\ /
X

)

CCy

X NCy
n

CyC

wherein M is a metal selected from the group consisting
of Ir, Os, Pt, Pb, Re, Ru, and Pd;

CyN is a substituted or unsubstituted C;-C, heterocyclic
group containing nitrogen bonded to M, or a substituted
or unsubstituted C;-Cg,, heteroaryl group containing
nitrogen bonded to M;

CyC is a substituted or unsubstituted C,-Cg, carbocyclic
group containing carbon bonded to M, a substituted or
unsubstituted C;-Cg, heterocyclic group containing
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carbon bonded to M, a substituted or unsubstituted
C-Cg, aryl group containing carbon bonded to M, or a
substituted or unsubstituted C;-C, heteroaryl group
containing carbon bonded to M;

Y is a linker connecting two mononuclear organometallic
complexes to each other;

A is a group containing nitrogen bonded to M;
X is a monoanionic monodentate ligand,

nis 1 or2; and

CyN-CyC is a cyclometalating ligand bonded to M
through nitrogen (N) and carbon (C) and is represented
by one of the following formulas:

18
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wherein each of R, R,, R4, R, and Ry is independently
selected from the group consisting of a monosubsti-
tuted or polysubstituted group, and is selected from the
group consisting of hydrogen, a halogen atom, —OR,
—N(R),, —P(R),, —POR, —PO,R, —PO,R, —SR,
—Si(R);, —B(R),, —B(OR),, —C(O)R, —C(O)OR,
—C(O)N(R), —CN, —NO,, —S0,, —SOR, —SO,R,
—SO0,R,a C,-C,, alkyl group, and a C4-C,, aryl group,
where R is hydrogen, a substituted or unsubstituted
C-Cy, alkyl group, a substituted or unsubstituted
C-C,, alcoxy group, a substituted or unsubstituted
C-Cy, alkenyl group, a substituted or unsubstituted
C-C,, alkynyl group, a substituted or unsubstituted
C-Cy, heteroalkyl group, a substituted or unsubstituted
Ce-C.o aryl group, a substituted or unsubstituted C -C,q
arylalkyl group, a substituted or unsubstituted C,-C,,
alkylaryl group, a substituted or unsubstituted C,-C,,
heteroaryl group, and a substituted or unsubstituted
C-Cy heteroarylalkyl group; and

Zis S, O, or NR, where R, is hydrogen or a C;-C, alkyl
group.
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