US 20140124760A1

12) Patent Application Publication (o) Pub. No.: US 2014/0124760 A1

a9y United States

Das et al. 43) Pub. Date: May 8, 2014
(54) ORGANOMETALLIC COMPLEXES, AND (32) US.CL
ORGANIC ELECTROLUMINESCENCE &1 S HOIL 51/0085 (2013.01)
DEVICE AND DISPLAY USING THE SAME USPC oo 257/40; 546/4; 546/10
(71) Applicants: CHEIL INDUSTRIES INC., GUMISI  (57) ABSTRACT

(KR); SAMSUNG ELECTRONICS
CO., LTD., SUWON-SI (KR)

(72) Inventors: Rupasree Ragini Das, Suwon-si (KR);
Chang Ho NOH, Suwon-si (KR);
DMITRY KRAVCHUK, Hwaseong-si
(KR); O Hyun KWON, Yongin-si (KR);
Hyeon Ho CHOI, Seoul (KR)

(73) Assignees: CHEIL INDUSTRIES INC., GUMI-SI
(KR); SAMSUNG ELECTRONICS
CO., LTD., SUWON-SI (KR)

(21)  Appl. No.: 14/062,506
(22) Filed:  Oct.24,2013

(30) Foreign Application Priority Data

Nov.2,2012  (KR) ., 10-2012-0123653

Publication Classification

(51) Int.CL

HO1L 51/00 (2006.01)

Disclosed are an organometallic complex, and an organic
electroluminescence device and a display device including
the same. The organometallic complex is represented by the
following Chemical Formula 1.

Chemical Formula 1

CyIl\T
oyC N
! Sy N
\ /
L X3=x2

The definition of the above Chemical Formula 1 is the same as
described in the detailed description.
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ORGANOMETALLIC COMPLEXES, AND
ORGANIC ELECTROLUMINESCENCE
DEVICE AND DISPLAY USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2012-0123653, filed on Nov. 2, 2012, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
content of which in its entirety is herein incorporated by
reference.

BACKGROUND

[0002] 1.Field

[0003] An organometallic complex, an organic electrolu-
minescence device, and a display device using the same are
disclosed.

[0004] 2. Description of the Related Art

[0005] An organic electroluminescence device is a display
element that actively emits light when a current flows into a
fluorescent or phosphorescent organic compound thin layer
(hereinafter, an organic layer), so that electrons and holes are
combined in the organic layer. The organic electrolumines-
cence device is light. It consists of simple parts and has a
simple structure for manufacturing. The organic electrolumi-
nescence device can secure high image quality and a wide
viewing angle. In addition, the organic electroluminescence
device may perfectly realize high color purity and a motion
picture, and has appropriate electrical characteristics of low
power consumption and low voltage driving for a portable
electronic device.

[0006] In general, the organic electroluminescence device
includes an anode on a substrate, a hole transport layer
(“HTL”), an emission layer, an electron transport layer
(“ETL”), and a cathode sequentially formed on the anode.
Herein, the hole transport layer (HTL), the emission layer,
and the electron transport layer (ETL) are organic layers
formed of an organic compound. The organic electrolumines-
cence device operates as follows. When a voltage is applied
between the anode and the cathode, holes injected from the
anode pass through the hole transport layer (HTL) and move
toward the emission layer. On the other hand, electrons pass
through the electron transport layer (ETL) from the cathode
and are injected into the emission layer, in which the carriers
are recombined and produce exitons. The exitons are radio-
actively decayed and emit light with a wavelength corre-
sponding to the band gap of a used material.

[0007] The emission layer may be formed of a phosphor
material using singlet exitons or a phosphorescence material
using triplet exitons depending on a light emitting mechanism
thereof. The phosphor material or phosphorescent material
itself doped on an appropriate host material may be used to
form the emission layer. When electrons are excited, singlet
and triplet exitons are formed on the host material. Herein, the
singlet and triplet exitons are produced in aratio of about 1:3.
[0008] When the phosphor material is used as an emission
layer-forming material, an organic electroluminescence
device wastes triplet exitons produced from a host material.
However, when the phosphorescent material is used as the
emission layer-forming material, both singlet and triplet exi-
tons may be used and reach 100% internal quantum effi-
ciency. Accordingly, the phosphorescent material may have
higher luminous efficiency than the phosphor material.
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[0009] On the other hand, when aheavy metal such as Ir, Pt,
Rh, and Pdis introduced into an organic molecule, the singlet
and triplet exitons are spin-orbitally coupled and mixed due to
heavy atom effects, and are thus transferred and effectively
become phosphorescent even at room temperature.

[0010] As aforementioned, various materials using a tran-
sition element compound including a transition element such
as iridium, platinum, and the like have been reported as a
phosphorescent light emitting material with high efficiency.
However, a more efficient phosphorescent material for a full
color display element still needs to be developed.

SUMMARY

[0011] An embodiment of the present disclosure provides
an organometallic complex that efficiently emits light.
[0012] Inaddition, another embodiment of the present dis-
closure provides an organic electroluminescence device
using the organometallic complex.

[0013] Still another embodiment of the present disclosure
provides a display device including the organic electrolumi-
nescence device.

[0014] According to an embodiment of the present disclo-
sure, an organometallic complex represented by the follow-
ing Chemical Formula 1 is provided.

Chemical Formula 1

CyN,
>
CyC . \

[0015] In Chemical Formula 1, M is Ir, Os, Pt, Pb, Re, Ru,
or Pd, CyN-M-CyC forms a heterocyclic ring and CyN—
CyC is a cyclometalating ligand bonded with M through a
nitrogen atom and a carbon atom; or CyN is a substituted or
unsubstituted C2 to C60 heterocyclic group including a nitro-
gen atom bonded with M or a substituted or unsubstituted C3
to C60 heteroaryl group including a nitrogen atom bonded
with M, CyC is a substituted or unsubstituted C4 to C60
carbon cyclic group including a carbon atom bonded with M,
a substituted or unsubstituted C3 to C60 heterocyclic group
including a carbon atom bonded with M, a substituted or
unsubstituted C3 to C60 aryl group including a carbon atom
bonded with M, a substituted or unsubstituted C7 to C60
arylalkyl group including a carbon atom bonded with M, or a
substituted or unsubstituted C3 to C60 heteroaryl group
including a carbon atom bonded with M, and CyN—CyCisa
cyclometalating ligand bonded with M through a nitrogen
atom and a carbonatom, X' to X? are independently N or CR',
provided at least one of X' to X is N, R" to R? and R' are
independently hydrogen, deuterium, a halogen, a substituted
or unsubstituted C1 to C30 alkyl group, a substituted or
unsubstituted C1 to C30 alkoxy group, a substituted or unsub-
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stituted C3 to C30 cycloalkyl group, a substituted or unsub-
stituted C2 to C30 alkenyl group, a substituted or unsubsti-
tuted C6 to C30 aryl group, a substituted or unsubstituted C1
to C30 heteroaryl group, a substituted or unsubstituted C1 to
C30 amino group, SF, a trialkylsilyl group having a substi-
tuted or unsubstituted C1 to C30 alkyl group, a dialkylaryl-
silyl group having a substituted or unsubstituted C1 to C30
alkyl group and a C6 to C30 aryl group, a triarylsilyl group
having a substituted or unsubstituted C6 to C30 aryl group, a
substituted or unsubstituted diarvl boronyl, or at least two of
R* to R? are fused to form a fuised ring, and n is an integer
ranging from 0 to 2.

The organometallic complex may be represented by the fol-
lowing Chemical Formula 2.

Chemical Formula 2

RZ
- Rl\ - /=X —
N 4
/
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[0016] In Chemical Formula 2, M is Ir, Os, Pt, Pb, Re, Ru,
or Pd, CyN-M-CyC forms a heterocyclic ring and CyN—
CyC is a cyclometalating ligand bonded with M through a
nitrogen atom and a carbon atom; or CyN is a substituted or
unsubstituted C2 to C60 heterocyclic group including a nitro-
gen atom bonded with M or a substituted or unsubstituted C3
to C60 heteroaryl group including a nitrogen atom bonded
with M, CyC is a substituted or unsubstituted C4 to C60
carbon cyclic group including a carbon atom bonded with M,
a substituted or unsubstituted C3 to C60 heterocyclic group
including a carbon atom bonded with M, a substituted or
unsubstituted C3 to C60 aryl group including a carbon atom
bonded with M, a substituted or unsubstituted C7 to C60
arylalkyl group including a carbon atom bonded with M, or a
substituted or unsubstituted C3 to C60 heteroaryl group
including a carbon atom bonded with M, and CyN—CyCisa
cyclometalating ligand bonded with M through a nitrogen
atom and a carbon atom, X" to X° are independently N or CR',
provided at least one of X" to X is N and at least one of X* to
X%is N, R" to R® and R’ are independently hydrogen, deute-
rium, a halogen, a substituted or unsubstituted C1 to C30
alkyl group, a substituted or unsubstituted C1 to C30 alkoxy
group, a substituted or unsubstituted C3 to C30 cycloalkyl
group, a substituted or unsubstituted C2 to C30 alkenyl group,
a substituted or unsubstituted C6 to C30 aryl group, a substi-
tuted or unsubstituted C1 to C30 heteroaryl group, a substi-
tuted or unsubstituted C1 to C30 amino group, SF, a trialkyl-
silyl group having a substituted or unsubstituted C1 to C30
alkyl group, a dialkylarylsilyl group having a substituted or
unsubstituted C1 to C30 alkyl group and a C6 to C30 aryl
group, a triarylsilyl group having a substituted or unsubsti-
tuted C6 to C30 aryl group, a substituted or unsubstituted
diaryl boronyl, or at least two of R to R° are fused to form a
fused ring, n and m are independently integers ranging from
0to 2, and m+n<3.

[0017] Theorganometallic complex may be represented by
the following Chemical Formula 3.

Chemical Formula 3
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[0018] In Chemical Formula 3, M is Ir, Os, Pt, Pb, Re, Ru,
or Pd, X" to X? are independently N or CR', at least one of X*
to X is N, at least one of X*to X®is N, is N, at least one of X’
to X° is N, R* to R’ and R’ are independently hydrogen,
deuterium, a halogen, a substituted or unsubstituted C1 to
C30 alkyl group, a substituted or unsubstituted C1 to C30
alkoxy group, a substituted or unsubstituted C3 to C30
cycloalkyl group, a substituted or unsubstituted C2 to C30
alkenyl group, a substituted or unsubstituted C6 to C30 aryl
group, a substituted or unsubstituted C1 to C30 heteroaryl
group, a substituted or unsubstituted C1 to C30 amino group,
SF, atrialkylsilyl group having a substituted or unsubstituted
C1 to C30 alkyl group, a dialkylarylsilyl group having a
substituted or unsubstituted C1to C30 alkyl group and a C6 to
C30 aryl group, a triarylsilyl group having a substituted or
unsubstituted C6 to C30 aryl group, a diaryl boronyl, substi-
tuted diaryl boronyl, or R* to R® are fused to form a fused ring,
n and m are independently integers ranging from 0 to 2, and
m+ns=3.

[0019] The cyclometalating ligand (CyN—CyC) in for-

mula (1) or formula (2) may be one of the following chemical
formulae.
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\ x \ [0020] Inthe above chemical formulae, R'!, R'2, R!3, R,
Riz s Ryy— Rlz and R are independently hydrogen, a halogen, —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, —SO,R,a C1
R R to C20 alkyl group, or a C6 to C20 aryl group, wherein R is
1 “\‘ \ hydrogen, deuterium, a halogen, a substituted or unsubsti-
/ | \ k . \ tuted C1 to C20 alkyl group, a substituted or unsubstituted C1
R“ to C10 alkoxy group, a substituted or unsubstituted C2 to C20
alkenyl group, a substituted or unsubstituted C2 to C20 alky-
/ nyl group, a substituted or unsubstituted C1 to C20 het-
eroalkyl group, a substituted or unsubstituted C6 to C40 aryl
\ group, a substituted or unsubstituted C7 to C40 arylalkyl
group, a substituted or unsubstituted C7 to C40 alkylaryl
/ 7 group, a substituted or unsubstituted C2 to C40 heteroaryl
J 7 group, or a substituted or unsubstituted C3 to C40 heteroary-
lalkyl group, and Z is S, O, or NR® wherein R is hydrogen or

Rp , a C1 to C20 alkyl group.

[0021] The M may be Ir or Pt.
[0022] At least two of X to X® may be N.
[0023] Allof X' to X® may be N.

[0024] At least two of X' to X may be N, and at least two
of X* to X® may be N.

[0025] AllofX*toX® may be N, and all of X*to X® may be
N.

[0026] Atleast two of X' to X> may be N, Atleast two of X*
to X% may be N, and at least two of X7 to X° may be N.

[0027] Allof X' to X® may be N, all of X* to X® may be N,
and all of X” to X° may be N.

[0028] The compound represented by the above Chemical
Formula 1 may be represented by one of the following
Chemical Formulae A-1 to A-7.
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Chemical Formula A-1

Chemical Formula A-2

CH;

Chemical Formula A-4
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-continued

Chemical Formula A-5

F
CF;
L Foo_l
Chemical Formula A-6
F
CH;
Chemical Formula A-7
F
L Foo_l
[0029] According to another embodiment, an organic elec-

troluminescence device including an organic layer between a
pair of electrodes, wherein the organic layer includes the
organometallic complex according to any one of formulae 1
to 3, is provided.

[0030] The organic layer may be an emission layer.

[0031] The organometallic complex may be included in an
amount of about 1 to about 30 parts by weight based on 100
parts by weight of an emission layer-forming material.
[0032] According to yet another embodiment, a display
device including the organic electroluminescence device is
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other aspects, advantages and fea-
tures of this disclosure will become more apparent by
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describing in further detail exemplary embodiments thereof
with reference to the accompanying drawings, in which:
[0034] FIGS. 1A to 1F schematically show the lamination
structure of an organic electroluminescence device according
to an embodiment of the disclosure.

[0035] FIG. 2 shows an organic electroluminescence
device according to an embodiment of the disclosure.

[0036] FIG. 3 shows "HNMR (DMSO) of the compound 6.
[0037] FIG. 4 shows '"H NMR (DMSO) of the compound
represented by Chemical Formula A-1.

DETAILED DESCRIPTION

[0038] This disclosure will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments are shown. This disclosure may,
however, be embodied in many different forms and is not to be
construed as limited to the exemplary embodiments set forth
herein.

[0039] It will be understood that when an element is
referred to as being “on” another element, it may be directly
on the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. It will be understood that, although the
terms first, second, third etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, there elements, components, regions, layers and/or sec-
tions should not be limited by these terms. These terms are
only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer, or section. Thus, a first element, component, region,
layer, or section discussed below could be termed a second
element, component, region, layer, or section without depart-
ing from the teachings of the present embodiments.

[0040] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting. As used herein, the singular forms “a”, “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. The term “or’” means
“and/or.” As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0041] It will be further understood that the terms “com-
prises” and/or “comprising,” or “includes” and/or “includ-
ing” when used in this specification, specify the presence of
stated features, regions, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, regions, integets, steps,
operations, elements, components, and/or groups thereof.
[0042] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this general inventive concept belongs. It will be fur-
ther understood that terms, such as those defined in com-
monly used dictionaries, should be interpreted as having a
meaning thatis consistent with their meaning in the context of
the relevant art and the present disclosure, and will not be
interpreted in an idealized or overly formal sense unless
expressly so defined herein.

[0043] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
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from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may typically have
rough and/or nonlinear features. Moreover, sharp angles that
are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present claims.

[0044] As used herein, when a definition is not otherwise
provided, the term “substituted” refers to s substituent or a
compound substituted with at least a group selected from
deuterium, a halogen, a hydroxyl group, an amino group, a
substituted or unsubstituted C1 to C30 amine group, a nitro
group, a substituted or unsubstituted C3 to C40 silyl group, a
C1 to C30 alkyl group, a C1 to C10 alkylsilyl group, a C3 to
C30 cycloalkyl group, a C6 to C30 aryl group, a C1 to C20
alkoxy group, a fluoro group, a C1 to C10 trifluoroalkyl group
such as a trifluoromethyl group, or a cyano group, instead of
at least one hydrogen of the substituent or the compound.
[0045] Two adjacent substituents of the substituted halo-
gen, hydroxyl group, amino group, substituted or unsubsti-
tuted C1 to C20 amine group, nitro group, substituted or
unsubstituted C3 to C40 silyl group, C1 to C30 alkyl group,
C1 to C10 alkylsilyl group, C3 to C30 cycloalkyl group, C6 to
C30 aryl group, C1 to C20 alkoxy group, fluoro group, Cl1 to
C10 trifluoroalkyl group such as a trifluoromethyl group, and
cyano group may be fused to form a ring.

[0046] As used herein, when specific definition is not oth-
erwise provided, the term “hetero” refers to a substituent,
group, or compound including at least one heteroatom
selected from N, O, S, and P, for example including 1 to 3
heteroatoms.

[0047] As used herein, when specific definition is not oth-
erwise provided, the term “combination thereof” when used
in the context of substituents or groups may refer to two or
more substituents being bound through a linking group, or
two or more substituents condensed to each other.

[0048] As used herein, when specific definition is not oth-
erwise provided, the term “alkyl group” refers to an aliphatic
hydrocarbon group. The alkyl group may be any “saturated
alkyl group” without a double bond or a triple bond.

[0049] The alkyl group may be a C1 to C20 alkyl group.
The alkyl group may be a C1 to C10 alkyl group ora C1to C6
alkyl group. For example, a C1 to C4 alkyl group may have 1
to 4 carbon atoms and may be selected from methyl, ethyl,
propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, and t-butyl.
[0050] Examples of the alkyl group may be a methyl group,
an ethyl group, a propyl group, an isopropyl group, a butyl
group, an isobutyl group, a t-butyl group, a pentyl group, a
hexyl group, a cyclopropyl group, a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group, and the like.

[0051] The term “heteroalkyl group” may refer to an alkyl
group that comprises atleast one heteroatom, for example 1 to
3 heteroatoms, covalently bonded to one or more carbon
atoms of the alkyl group. Each heteroatom is independently
chosen from nitrogen (N), oxygen (O), sulfur (S), and phos-
phorus (P).

[0052] The term “aryl group” may refer to a substituent
including all elements of the cycle having p-orbitals which
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form conjugation. The “aryl group” may refer to a monocy-
clic or fused ring polycyclic (i.e., rings sharing adjacent pairs
of carbon atoms) substituent.

[0053] The term “heteroaryl group” may refer to an aryl
group including carbon and 1 to 3 heteroatoms selected from
the group consisting of N, O, S, and P as ring atoms. When the
heteroaryl group is a fused ring, 1 to 3 heteroatoms may be
present in each ring.

[0054] As used herein, when specific definition is not oth-
erwise provided, the term “heterocyclic group” refers to a
non-aromatic cyclic group including a heteroatom, for
example a C1 to C7 cycloalkyl or cycloalkenyl group includ-
ing a heteroatom in the ring, and a C1 to C6 cycloalkyl or
cycloalkenyl group including two or more heteroatoms in the
ring. Thus, as used herein, a heterocyclic group does not
include a heteroaryl group.

[0055] The term “carbon cyclic group” may refer to a non-
aromatic group that comprises one or more saturated and/or
partially saturated rings in which all ring members are carbon,
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, adamantyl, and partially saturated
variants of the foregoing, such as cycloalkenyl groups (e.g.,
cyclohexenyl) or cycloalkynyl groups. Carbon cyclic groups
do not include an aromatic ring or a heterocyclic ring. When
the numbers of carbon atoms is specified (e.g., C3 to C15
carbon cyclic group), the number means the number of ring
members present in the one or more rings.

[0056] The term “arylalkyl group” may refer to a substi-
tuted or unsubstituted aryl group covalently linked to an alkyl
group that is linked to a compound (e.g., a benzyl is a C7
arylalkyl group).

[0057] The term “heteroarylalkyl group” may refer to a
substituted or unsubstituted heteroaryl group covalently
linked to an alkyl group that is linked to a compound.
[0058] The term “alkylaryl group” may refer to an alkyl
group covalently linked to a substituted or unsubstituted aryl
group that is linked to a compound.

[0059] Theterm “alkoxy group” may refer to an alkyl group
that is linked via an oxygen (i.e., —O-alkyl). Non-limiting
examples of alkoxy groups include methoxy groups, ethoxy
groups, propoxy groups, isobutyloxy groups, sec-butyloxy
groups, pentyloxy groups, iso-amyloxy groups, and hexyloxy
groups.

[0060] Theterm “cycloalkyl group” may refertoa monova-
lent group having one or more saturated rings in which all ring
members are carbon (e.g., cyclopentyl and cyclohexyl).
[0061] The term “alkenyl group” may refer to a straight or
branched chain, monovalent hydrocarbon group having at
least one carbon-carbon double bond (e.g., ethenyl
(—HC=—CH,)). The term “alkynyl group” may refer to a
straight or branched chain, monovalent hydrocarbon group
having at least one carbon-carbon triple bond (e.g., ethynyl).
[0062] The term “amino group” may refer to a group of the
formula—N(R),, wherein each R is independently hydrogen,
a substituted or unsubstituted C1-C30 alkyl, or a substituted
or unsubstituted C6-C30 aryl.

[0063] The term “trialkylsilyl group” may refer to a group
of the formula —SiR;, wherein each R is independently a
substituted or unsubstituted C1 to C30 alkyl group.

[0064] The term “dialkylarylsilyl group” may refer to a
group of the formula—Si(R, ),(R,), wherein each R, is inde-
pendently a substituted or unsubstituted C1 to C30 alkyl
group and R, is a substituted or unsubstituted C6 to C30 aryl

group.
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[0065] Theterm “triarylsilyl group” may referto a group of
the formula —SiR;, wherein each R is independently a sub-
stituted or unsubstituted C6 to C30 aryl group.

[0066] The term “diaryl boronyl group” may refer to a
group of the formula—BR,,, wherein each R is independently
a substituted or unsubstituted C6 to C30 aryl group.

[0067] The term “cyclometalating ligand” may refer to a
ligand that has one nitrogen donor atom and one carbanion
available to bind to a metal.

[0068] As used herein “CyN-M-CyC” may refer to a group
consisting of CyN, M, and CyC wherein CyN-M-CyC forms
a heterocyclic ring and CyN—CyC is a cyclometalating
ligand bonded with M through a nitrogen atom and a carbon
atom.

[0069] As used herein “CyN—CyC” may refer to a group
consisting of CyN and CyC wherein CyN is fused with or
bonded with CyC through a covalent bond viaan atom of CyN
and an atom of CyC.

[0070] According to an embodiment, an organometallic
complex represented by the following Chemical Formula 1 is
provided.

Chemical Formula 1

CyN | N
N
CyC RSN
n \ /

L x3=x2

[0071] In Chemical Formula 1, M is Ir, Os, Pt, Pb, Re, Ru,
or Pd, CyN-M-CyC forms a heterocyclic ring and CyN—
CyC is a cyclometalating ligand bonded with M through a
nitrogen atom and a carbon atom; or CyN is a substituted or
unsubstituted C2 to C60 heterocyclic group including a nitro-
gen atom ((N), herein after “nitrogen” or) bonded with M or
a substituted or unsubstituted C3 to C60 heteroaryl group
including nitrogen bonded with M, CyC is a substituted or
unsubstituted C4 to C60 carbon cyclic group including a
carbon atom ((C), hereinafter “carbon”) bonded with M, a
substituted or unsubstituted C3 to C60 heterocyclic group
including carbon bonded with M, a substituted or unsubsti-
tuted C3 to C60 aryl group including carbon bonded with M,
a substituted or unsubstituted C7 to C60 arylalkyl group
including a carbon atom bonded with M, or a substituted or
unsubstituted C3 to C60 heteroaryl group including carbon
bonded with M, and CyN—CyC is a cyclometalating ligand
bonded with M through nitrogen (N) and carbon (C), X' to X®
are independently N or CR', provided at least one of X* to X*
is N, R to R* and R" are independently hydrogen, deuterium,
a halogen, a substituted or unsubstituted C1 to C30 alkyl
group, a substituted or unsubstituted C1 to C30 alkoxy group,
a substituted or unsubstituted C3 to C30 cycloalkyl group, a
substituted or unsubstituted C2 to C30 alkenyl group, a sub-
stituted or unsubstituted C6 to C30 aryl group, a substituted or
unsubstituted C1 to C30 heteroaryl group, a substituted or



US 2014/0124760 Al

unsubstituted C1 to C30 amino group, SF., a trialkylsilyl
group having a substituted or unsubstituted C1 to C30 alkyl
group, a dialkylarylsilyl group having a substituted or unsub-
stituted C1 to C30 alkyl group and a C6 to C30 aryl group, a
triarylsilyl group having a substituted or unsubstituted C6 to
C30 aryl group, a substituted or unsubstituted diaryl boronyl,
or at least two of R' to R are fused to form a fused ring, and
n is an integer ranging from 0 to 2.

[0072] According to an embodiment, an organometallic
complex represented by Chemical Formula 1, which includes
a novel auxiliary ligand, is provided.

[0073] The organometallic complex may sufficiently emit
RGB (red, green, and blue) light from a triplet MLCT (metal
to ligand charge transfer). The organometallic complex is a
thermally stable and highly efficient phosphorescent material
emitting light in a region ranging from about 400 to about 700
nm, and thus may provide RGB light or white light in an
OLED (organic light-emitting diode) and the like.

[0074] In the organometallic complex represented by the
above Chemical Formula 1, the M is a central metal combin-
ing a cyclometalating ligand and/or an auxiliary ligand and
may include, for example, Ir, Os, Pt, Pb, Re, Ru, or Pd, and
specifically Ir or Pt, but the present disclosure is not limited
thereto.

[0075] The CyN in the above Chemical Formula 1 denotes
a heterocyclic group or a heteroaryl group including a nitro-
gen atom directly forming a coordination bond with the M as
a central metal. The heterocyclic group includes a C3 to C60
substituted or unsubstituted heterocyclic group including a
heteroatom such as N, O, S, and/or P as a ring element
forming a cycle, and for example, pyrrolidine, morpholine,
thiomorpholine, thiazolidine, and the like, but the present
disclosure is not limited thereto.

[0076] The heteroaryl group includes a C3 to C60 substi-
tuted or unsubstituted heteroaryl group including a heteroa-
tom such as N, O, S, and/or P as a ring element forming a
cycle, for example, pyridine, 4-methoxy pyridine, quinoline,
pyrrole, indole, pyrazine, pyrazole, imidazole, pyrimidine,
quinazoline, thiazole, oxazole, triazine, 1,2,4-triazole, and
the like, but the present disclosure is not limited thereto.

[0077] InCyC of the above Chemical Formula 1, examples
of the substituted or unsubstituted C4 to C60 carbon cyclic
group including carbon bonded with M may be cyclohexane,
cyclopentane, and the like, examples of the substituted or
unsubstituted C3 to C60 heterocyclic group including carbon
bonded with M may be tetrahydrofuran, 1,3-dioxane, 1,3-
dithiane, 1,3-dithiolane, 1,4-dioxa-8-azaspiro[4,5]decane,
1,4-dioxaspiro[4,5]decan-2-one, and the like, examples of
the substituted or unsubstituted C3 to 60 aryl group including
carbon bonded with M may be phenyl, 1,3-benzodioxole,
biphenyl, terphenyl, naphthalene, anthracene, azulene, and
the like, examples of the substituted or unsubstituted C3 to
C60 heteroaryl group including carbon bonded with M may
be thiophene, furan, 2,5H-furanone, pyridine, coumarin, imi-
dazole, 2-phenylpyridine, 2-benzothiazole, 2-benzooxazole,
1-phenylpyrazole, 1-naphthylpyrazole, 5-(4-methoxyphe-
nyl)pyrazole, 2,5-bisphenyl-1,3.4-oxadiazole, 2,3-benzofu-
ran-2-(4-biphenyl)-6-phenyl benzooxazole, and the like. At
least one hydrogen of the foregoing groups may be substi-
tuted with a C1 to C10 linear or branched alkoxy group, a
cyano group, a halogen, and the like.
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[0078] InChemical Formula 1, each of the ring atoms ofthe
CyN— and CyC groups respectively of CyN—CyC are con-
nected to one another and form a substituted or unsubstituted
4 to 7 atom cyclic group or a substituted or unsubstituted 4 to
7 atom heterocyclic group, and specifically, a condensation 4
to 7 atom cyclic or heterocyclic group. Herein, the cyclic
group or heterocyclic group may be a C4 to C30 cycloalkyl
group, a Cl to C30 heterocycloalkyl group, a C6 to C30 aryl
group, or a C4 to C30 heteroaryl group, wherein each cyclic
group or heterocyclic group may be substituted by one or
more than one substituent. Herein, “hetero” denotes substi-
tution of a heteroatom such as N, O, P, S, and the like.

[0079] Inthe compound of the above Chemical Formula 1,
at least one hydrogen may be substituted with various sub-
stituents such as a halogen, —OR', —N(R'),, —P(R"),,
—POR!, —PO,R!, —PO,R*, —SR!, —Si(R});, —BR"),,
—B®R"Y,, —B(OR"),, —C(O)R', —C(O)YOR!, —C(O)N
RYH, —CN, —NO,, —S0,, —SOR!, —SO,R!, and
—SO,R", wherein R" is selected from hydrogen, a halogen, a
substituted or unsubstituted C1 to C20 alkyl group, a substi-
tuted or unsubstituted C1 to C10 alkoxy group, a substituted
or unsubstituted C2 to C20 alkenyl group, a substituted or
unsubstituted C2 to C20 alkynyl group, a substituted or
unsubstituted C1 to C20 heteroalkyl group, a substituted or
unsubstituted C6 to C40 aryl group, a substituted or unsub-
stituted C7 to C40 arylalkyl group, a substituted or unsubsti-
tuted C7 to C40 alkylaryl group, a substituted or unsubsti-
tuted C2 to C40 heteroaryl group, and a substituted or
unsubstituted C3 to C40 heteroarylalkyl.

[0080] The cyclometalating ligand (CyN—CyC) may be
one of the following chemical formulae, but is not limited
thereto.
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[0081]
and R" are independently a monosubstituted or multisubsti-
tuted group, such as hydrogen, a halogen, —OR, —N(R),,

In the above chemical formulae, R'!, R'?, R13, R,

—P(R),, —POR, —PO,R, —PO,R, —SR, —Si(R);,
—B(R),, —B(0OR),, —C(O)R, —C(O)OR, —C(O)N(R),
—CN, —NO,, —S0,, —SOR, —SO,R, —SO;R, a C1 to
C20 alkyl group, or a C6 to C20 aryl group, wherein R is
hydrogen, deuterium, a halogen, a substituted or unsubsti-
tuted C1 to C20 alkyl group, a substituted or unsubstituted C1
to C10 alkoxy group, a substituted or unsubstituted C2 to C20
alkenyl group, a substituted or unsubstituted C2 to C20 alky-
nyl group, a substituted or unsubstituted C1 to C20 het-
eroalkyl group, a substituted or unsubstituted C6 to C40 aryl
group, a substituted or unsubstituted C7 to C40 arylalkyl
group, a substituted or unsubstituted C7 to C40 alkylaryl
group, a substituted or unsubstituted C2 to C40 heteroaryl
group, or a substituted or unsubstituted C3 to C40 heteroary-
lalkyl group, and Z is S, O, or NR®, wherein R is hydrogen or
a Cl1 to C20 alkyl group.

[0082] Theorganometallic complex may be represented by
the following Chemical Formula 2.

10
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Chermical Formula 2

[0083] In Chemical Formula 2, M is Ir, Os, Pt, Pb, Re, Ru,
or Pd, CyN-M-CyC forms a heterocyclic ring and CyN—
CyC is a cyclometalating ligand bonded with M through a
nitrogen atom and a carbon atom; or CyN is a substituted or
unsubstituted C2 to C60 heterocyclic group including nitro-
gen bonded with M or a substituted or unsubstituted C3 to
C60 heteroaryl group including nitrogen bonded with M,
CyC is a substituted or unsubstituted C4 to C60 carbon cyclic
group including carbon bonded with M, a substituted or
unsubstituted C3 to C60 heterocyclic group including carbon
bonded with M, a substituted or unsubstituted C3 to C60 aryl
group including carbon bonded with M, a substituted or
unsubstituted C7 to C60 arylalkyl group including a carbon
atom bonded with M, or a substituted or unsubstituted C3 to
C60 heteroaryl group including carbon bonded with M, and
CyN—CyC is a cyclometalating ligand bonded with M
through nitrogen (N) and carbon (C), X* to X° are indepen-
dently N or CR', provided at least one of X" to X* is N and at
least one of X* 10 X%is N, R* to R® and R’ are independently
hydrogen, deuterium, a halogen, a substituted or unsubsti-
tuted C1 to C30 alkyl group, a substituted or unsubstituted C1
to C30 alkoxy group, a substituted or unsubstituted C3 to C30
cycloalkyl group, a substituted or unsubstituted C2 to C30
alkenyl group, a substituted or unsubstituted C6 to C30 aryl
group, a substituted or unsubstituted C1 to C30 heteroaryl
group, a substituted or unsubstituted C1 to C30 amino group,
SF, atrialkylsilyl group having a substituted or unsubstituted
C1 to C30 alkyl group, a dialkylarylsilyl group having a
substituted or unsubstituted C1 to C30 alkyl group and C6 to
C30 aryl group, a triarylsilyl group having a substituted or
unsubstituted C6 to C30 aryl group, a substituted or unsub-
stituted diaryl boronyl, or atleast two of R' to R® are fused to
form a fused ring, n and m are independently integers ranging
from 0 to 2, and m+n=3.

[0084] The organometallic complex may be represented by
the following Chemical Formula 3.
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[0085] In Chemical Formula 3, M is Ir, Os, Pt, Pb, Re, Ru,
or Pd, X" to X” are independently N or CR, provided at least
one of X! to X3 is N, at least one of X* to X% is N, and at least
one of X7 to X’ is N, R! to R” and R' are independently
hydrogen, deuterium, a halogen, a substituted or unsubsti-
tuted C1 to C30alkyl group, a substituted or unsubstituted C1
to C30 alkoxy group, a substituted or unsubstituted C3 to C30
cycloalkyl group, a substituted or unsubstituted C2 to C30
alkenyl group, a substituted or unsubstituted C6 to C30 aryl
group, a substituted or unsubstituted C1 to C30 heteroaryl
group, a substituted or unsubstituted C1 to C30 amino group,
SF., atrialkylsilyl group having a substituted or unsubstituted
C1 to C30 alkyl group, a dialkylarylsilyl group having a
substituted orunsubstituted C1to C30 alkyl group and a C6 to
C30 aryl group, a triarylsilyl group having a substituted or
unsubstituted C6 to C30 aryl group, a substituted or unsub-
stituted diaryl boronyl, or R* to R® are fused to form a fused
ring, n and m are independently integers ranging from 0 to 2,
and m+n=3.

[0086] At least two of X* to X® may be N. All of X* to X?
may be N.

[0087] At least two of X' to X® may be N, and at least two
of X* to X® may be N. All of X" to X* may be N, and all of X*
to X° may be N.

[0088] At least two of X to X® maybe N, at least two of X*
to X% may be N, and at least two of X” to X° may be N. All of
X' t0 X? may be N, all of X* to X® may be N, and all of X" to
X® may be N.

[0089] The number of nitrogens of X' to X° in the above
Chemical Formulae 1 to 3 may be selected according to the
desired purpose.

[0090] The compound represented by the above Chemical
Formula 1 may be represented by one of the following
Chemical Formulae A-1 to A-7, but is not limited thereto.
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Chemical Formula 3

Chemical Formula A-1

Chemical Formula A-3

Chemical Formula A-2

Chemical Formula A-4
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Chemical Formula A-5

F.
CH;
L P
Chemical Formula A-6
E.
CH;
Chemical Formula A-7
F.

[0091] According to an embodiment, an organometallic
complex represented by the above Chemical Formula 1 may
be synthesized in a method using a cyclometalated ligands
(C"N) in Ir(TII) dimers derivative, [Ir(C"N),Cl].,, as a starting
material providing a cyclometalizing moiety, which is
reported by the Watts group (F. O. Garces, R. J. Watts, Inorg.
Chem. 1988, 27, 3464).

[0092] According to another embodiment, an organic elec-
troluminescence device is fabricated by using an organome-
tallic complex represented by the above Chemical Formula 1
to form an organic layer, and particularly an emission layer.
Herein, the organometallic complex represented by the above
Chemical Formula 1, when used as a component of an emis-
sion layer-forming material, is a phosphorescent dopant
material and has an excellent light-emitting characteristic in
an RGB region.

May 8, 2014

[0093] When the organometallic complex represented by
the above Chemical Formula 1 is used as a phosphorescent
dopant, an organic layer may further include at least one
selected from a polymer host, a mixture host of a polymer and
a low molecular host, a low molecular host, and a non-light-
emitting polymer matrix. Herein, the polymer host, low
molecular host, and non light-emitting polymer matrix may
include a conventional material for forming an emission layer
for an organic electroluminescence device. Examples of the
polymer host may include PVK (poly(vinylcarbazole)). poly-
fluorene, and the like. Examples of the low molecular host
may include CBP (4,4'-N,N'-dicarbazole-biphenyl), 4,4'-bis
[9-(3,6-biphenylcarbazolyl)]-1-1,1"-biphenyl{4,4'-bis[9-(3,
6-biphenylcarbazolyl)]-1-1,1'-biphenyl},  9,10-bis[(2",7'-t-
buty1)-9',9"-spirobifluorenyl] anthracene, tetrafluorene, and
the like. Examples of the non-light-emitting polymer matrix
may include polymethylmethacrylate, polystyrene, and the
like, but the present disclosure is not limited thereto.

[0094] The organometallic complex represented by the
above Chemical Formula 1 may be included in an amount of
about 1 to about 30 parts by weight, for example 1 to 25 parts
by weight, 1 to 20 parts by weight, 10 to 30 parts by weight,
based on 100 parts by weight of the organic layer, for
example, an emission layer-forming material. Without wish-
ing to be bound by theory, when the organometallic complex
is included in an amount of less than about 1 part by weight,
a light emitting material is insufficient and deteriorates effi-
ciency and life-span, while when the organometallic complex
is included in an amount of greater than about 30 parts by
weight, a triplet is quenched and efficiency is deteriorated.
This organometallic complex may be introduced into an
emission layer in a method such as vacuum deposition, sput-
tering, printing, coating, inkjet printing, and the like.

[0095] In addition, the organometallic complex repre-
sented by the above Chemical Formula 1 may realize various
colors depending on combination of a cyclometalized ligand
and an auxiliary ligand. This organometallic complex may be
used with other color light-emitting materials to thus emit
white light.

[0096] FIG. 1A to 1F schematically show the lamination
structure of an organic electroluminescence device according
to one embodiment of the present disclosure.

[0097] Referring to FIG. 1A, an emission layer 12 includ-
ing an organometallic complex represented by the above
Chemical Formula 1 is disposed on a first electrode 10, and a
second electrode 14 is disposed on the emission layer 12.
[0098] Referring to FIG. 1B, the emission layer 12 includ-
ing an organometallic complex represented by the above
Chemical Formula 1 is disposed on the first electrode 10, a
hole blocking layer (HBL) 13 is disposed on the emission
layer 12, and the second electrode 14 is disposed thereon.
[0099] FIG. 1C shows an organic electroluminescence
device including a hole injection layer (HIL) 11 between the
first electrode 10 and the emission layer 12. a hole blocking
layer (HBL) 13 is disposed on the emission layer 12, and the
second electrode 14 is disposed thereon.

[0100] FIG. 1D shows an organic electroluminescence
device having the same structure as the one of FIG. 1C, except
for forming an electron transport layer (ETL) 15 instead of the
hole blocking layer (HBL) 13 on the emission layer 12.
[0101] FIG. 1E shows an organic electroluminescence
device having the same structure as the one of FIG. 1C, except
for sequentially disposing the hole blocking layer (HBL) 13
and the electron transport layer (ETL) 15 instead of the hole
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blocking layer (HBL) 13 including an organometallic com-
plex represented by Chemical Formula 1 on the emission
layer 12. FIG. 1E shows an organic electroluminescence
device further including an electron injection layer (EIL) (not
shown) between the electron transport layer (ETL) 15 and the
second electrode 14.

[0102] FIG. 1F shows an organic electroluminescence
device having the same structure as the one of FIG. 1E, further
including a hole transport layer (HTL) 16 between the hole
injection layer (HIL) 11 and the emission layer 12. Herein, the
hole transport layer (HTL) 16 plays a role of suppressing
impurities from transmission from the hole injection layer
(HIL) 11 into the emission layer 12.

[0103] The organic electroluminescence device may be
fabricated in a conventional method, but is not limited thereto.
[0104] Herein, the organic layer may be about 30 to about
100 nm thick, for example 30 to 90 nm thick, 30 to 80 nm
thick, 40 to 100 nm thick, or 40 to 100 nm thick. When the
organic layer is less than about 30 nm thick, efficiency, and
life-span may be deteriorated, and when the organic layer is
greater than 100 nm thick, the driving voltage may be
increased.

[0105] On the other hand, the organic layer may be a layer
formed of an organic compound between a pair of electrodes
in an organic electroluminescence device, for example, an
electron transport layer (ETL), a hole transport layer (HTL),
and the like, other than the emission layer.

[0106] On the other hand, a buffer layer may be formed
among each layer in the organic electroluminescence device,
and may be formed of a conventional material such as copper
phthalocyanine, polythiophene, polyaniline, polyacetylene,
polypyrrole, polyphenylenevinylene, or a derivative thereof,
but the present disclosure is not limited thereto.

[0107] The hole transport layer (HTL) may be formed of a
conventional material, for example polytriphenylamine, but
the present disclosure is not limited thereto.

[0108] The electron transport layer (ETL) may be formed
of a conventional material, for example polyoxadiazole, but
the present disclosure is not limited thereto.

[0109] Theholeblocking layer may be formed of a conven-
tional material, for example, LiF, BaF,, MgF,, or the like, but
the present disclosure is not limited thereto.

[0110] According to an embodiment of the present disclo-
sure, the organic electroluminescence device may be fabri-
cated using a common light emitting material without a par-
ticular device or method.

[0111] Theorganometallic complex represented by Chemi-
cal Formula 1 according to one embodiment of the present
disclosure may emit light in a wavelength region ranging
from about 400 to about 700 nm. When the organometallic
complex is used to fabricate a light emitting diode, the light
emitting diode may be used for a light source lamp for a full
color display, a backlight, an outdoor bulletin board, optical
communication, interior decoration, and the like.

[0112] The organometallic complex according to an
embodiment of the present disclosure has excellent light
emitting characteristics and may form a dopant having excel-
lent phosphorescent characteristics. Specifically, the dopant
may be used as a phosphorescent material emitting light in
various chromophore regions due to a strong electronic effect
depending on a substituent.

[0113] More specifically, the organometallic complex
according to one embodiment of the present invention has
excellent thermal stability. The thermal stability of the orga-
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nometallic complex may excellently endure firing and the like
during the fabrication of a device.

[0114] According to another enmbodiment of the present
disclosure, a display device including the organic optoelec-
tronic device is provided. Hereinafter, the embodiments are
illustrated in more detail with reference to examples. These
examples, however, should not in any sense be interpreted as
limiting the scope of the present disclosure.

Synthesis of Organometallic Complex
Example 1
Synthesis of Compound of Chemical Formula A-1

Synthesis of Ancillary Ligand

[0115]

Reaction Scheme 1
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[0116] Synthesis of a compound (2): 0.8 g (0.02 mol) of
NaH is added to 4 g (0.0167 mol) of a compound (1) in 20 ml
of dry DMF in air. The reactant is agitated for 1 hour, and 1
hour later, the reaction is quenched with water. The reaction
mixture is extracted with ethyl acetate. Then, an organic layer
is separated, washed with water, and dried with MgSO,,. Next,
the crude product is purified through silica gel chromatogra-
phy. Ethyl acetate is then removed therefrom under a vacuum
condition.

[0117] Yield: 3.6 g (85%)

[0118] Synthesis ofacompound (3): 4.25 g (0.0167 mol) of
the compound (2), along with 2.82 g (0.0251 mol, 1.5 excess)
of potassium t-butoxide, is added to a mixture of 80 ml of dry
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toluene and 8 ml of ethyl acetate. The reactant is mixed for 15
hours, 150 ml of water is added thereto, and the resulting
mixture is cooled. The cooled reaction mixture is extracted
with ethyl acetate, and an organic layer is separated there-
from, dried with MgSO,, and concentrated under a vacuum
condition, obtaining a compound (3).

[0119] Yield: 3.8 g (77%)

[0120] Synthesis of a compound (4): 3.8 g (0.0128 mol) of
the compound (3) is dissolved in 30 m1 of ethanol and 30 m1
of concentrated HCI. The solution is agitated for 5 hours.
When the reaction is complete, the mixture is neutralized with
a 20% NaOH aqueous solution. Then, a white precipitate
therein is separated and washed with distilled water. The
washed product is dried for one night under a vacuum condi-
tion.

[0121] Yield: 2.3 g (80%)

[0122] Synthesis of a compound (5): 2.3 g (0.0103 mol) of
the compound (4) is put in 40 ml of toluene, and 4.6 g (0.032
mol) of ethyl trifluoroacetate and 2.4 g (0.021 mol) of potas-
sium t-butoxide are added thereto. The reaction mixture is
agitated for one night. The toluene is evaporated, and then a
remaining solid is washed with water and chloroform and
dried under vacuum.

[0123] Yield: 2.2 g (67%)

[0124] Synthesis of a compound (6): 2.2 g (0.0069 mol) of
the compound (5) is put in 80 ml of ethanol, 3.8 g (40%) of a
hydrazine solution (7 eq) is added thereto, and then 1 ml of
acetic acid is added thereto. The mixture is agitated at room
temperature for one night. When the reaction is complete, the
ethanol is removed under vacuum, and a remaining product is
washed three times with water and dried in an oven, obtaining
a compound (6).

[0125] Yield: 1.8 g (82%)

[0126] FIG. 3 shows 'H NMR (DMSO) of the compound
(6). Accordingly, the 'H NMR (DMSO) confirms that the
obtained compound is a desired compound.

[0127] Synthesis of Compound of Chemical Formula A-1

Reaction Scheme 2

Na,CO3/Methoxyethanol
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[0128] 0.9728 g (0.0008 mol) of an iridium chloro-bridge
dimer composite, 0.616 g (0.002 mol) of carbonylpyrazole,
and 900 mg of sodium carbonate anhydride are agitated in 90
ml of methoxyethanol for 2 days. When the reaction is com-
plete, a product therein is separated, washed with a small
amount of methoxyethanol and water, and dried under
vacuum.

[0129] Yield: 1.2 g (85%)

[0130] FIG. 4 shows 1H NMR (DMSO) of the compound
represented by Chemical Formula A-1.

[0131] Based on the 1H NMR and mass analysis, the com-
pound has a structure represented by the above Chemical
Formula A-1. In addition, the complex has a decomposition
temperature of greater than or equal to 400° C. found through
thermogravimetric analysis. The complex dissolved in 2-me-
thyltetrahydrofuran has CIE color coordinates of 0.16 and
0.25, and emits light at 465 nm.

Examples 2 to 7

Synthesis of Compound of Chemical Formulae A-2
to A-7

[0132] The compounds represented by the above Chemical
Formulae A-2 to A-7 are synthesized according to a similar
method to that of Example 1.

Fabrication of Organic Electroluminescence Device
Examples 8 to 14

Fabrication of Organic Electroluminescence Device

[0133] A transparent electrode substrate coated with ITO
(indium-tin oxide) is cleaned, and the I'TO is patterned with a
photosensitive resin and an etchant to form an ITO pattern.
Then, the ITO-patterned transparent electrode substrate is
cleaned again. The ITO glass substrate is sonicated in isopro-
pyl alcohol (IPA), cleaned, and rinsed with deionized water.
The rinsed ITO glass substrate is UV-0zone treated before it
is used to fabricate an ITO coated glass substrate device.

[0134] Ontheotherhand, an HTL, anEML., and an ETL are
thermally deposited under a thermal vacuum condition of
1077 torr. Then, a LiF electrode and an aluminum cathode are
formed under a vacuum condition. As for each layer of a
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phosphorescence device, the electron-transporting material is
1,3,5-tri[(3-pyridyl)-phen-3-yl]benzene  (TmPyPB), the
hole-transporting material is 1,1-bis{4-[N,N'-di(p-tolyl)
amino|phenyl]cyclohexane (TAPC), and a host material for
an emission layer is 2,6-bis[3-(9H-carbazol-9-yl)phenyl)py-
ridine (26DCzPPy). The emission layer is a phosphorescent
emission layer formed by doping each compound represented
by Chemical Formulae A-1 to A-7 at a concentration of 6%.
The compound has a structure as follows.
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Experimental Example

Compound Characteristic Evaluation

[0135]
Formulae A-1 to A-7 are measured regarding HOMO,

The compounds represented by the above Chemical

LUMO, and light emitting wavelength from solutions pre-
pared by dissolving the compounds in 2-methyltetrahydrofu-
ran, and the results are provided in the following Table 1.
Herein, the HOMO is measured through cyclic voltammetry,
and the LUMO is measured through UV-visible spectros-

copy.

TABLE 1

HOMO LUMO
Compound Tsomer V) (&V)  Gap(eV) TI1(eV) T1 (nm)
A-1 fac 4.737 1.628 3.109 22622 548.07
A2 fac 5166 1767  3.399 24590 50421
A3 fac 4597 1611 298 21810 568.48
A4 fac 4433 1.637 2796 20740 597.80
A5  fac 5652 1735 3917 27843 44530
A6 fac 5118 1676 3442 24790 500.14
AT fac 5.650 1882 3768 27331 453.64

[0136] Device Characteristic Evaluation

[0137] The devices according to Examples 8 to 14 are

evaluated regarding characteristics. The evaluation is per-
formed in the following method.

[0138]
(J-V) current and luminance-voltage (L-V) characteristic
using a Keithley 2635A meter and a Minolta CS-100A lumi-
nance meter. [n addition, the EL (electroluminescence) spec-

The devices are measured regarding density-voltage

trum and CIE color coordinator of the devices are measured
using a Minolta CS-1000A meter.
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[0139] The EL devices have the following characteristics.
TABLE 2
EL Maximum Driving
hmax CIE efficiency voltage
(nm) x, v atlomA  nlL(cd/A) V)
Example 8 525 0.32,0.61 325 43
Example 9 510 0.28,0.58 15.8 43
Example 10 570 0.37,0.55 42 4.1
Example 11 599 0.55,0.41 55 4.2
Example 12 453 0.16,0.27 11 51
Example 13 500 0.29,0.51 15.8 43
Example 14 454 0.17,0.28 12 52
[0140] Referring to Table 2, an electroluminescence device

using a compound according to the present disclosure has
high luminance and high efficiency, and may be operated at a
low voltage.

[0141] While this disclosure has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims. Therefore, the aforementioned embodi-
ments should be understood to be exemplary but not to limit
the present invention in any way.

What is claimed is:

1. An organometallic complex represented by Chemical
Formula 1:

Chemical Formula 1

wherein, in Chemical Formula 1,
M is Ir, Os, Pt, Pb, Re, Ru, or Pd,

CyN-M-CyC forms a heterocyclic ring and CyN—CyC is
acyclometalating ligand bonded with M through a nitro-
gen atom and a carbon atom; or CyN is a substituted or
unsubstituted C2 to C60 heterocyclic group comprising
a nitrogen atom bonded with M or a substituted or
unsubstituted C3 to C60 heteroaryl group including a
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nitrogen atom bonded with M, CyC is a substituted or
unsubstituted C4 to C60 carbon cyclic group including a
carbon atom bonded with M, a substituted or unsubsti-
tuted C3 to C60 heterocyclic group including a carbon
atom bonded with M, a substituted or unsubstituted C3
to C60 ary] group including a carbon atom bonded with
M, a substituted or unsubstituted C7 to C60 arylalkyl
group including a carbon atom bonded with M, or a
substituted or unsubstituted C3 to C60 heteroaryl group
including a carbon atom bonded with M, and CyN—
CyC s a cyclometalating ligand bonded with M through
a nitrogen atom and a carbon atom,

X' to X? are independently N or CR', provided at least one
of X! to X? is a nitrogen atom,

R' to R? and R’ are independently hydrogen, deuterium, a
halogen, a substituted or unsubstituted C1 to C30 alkyl
group, a substituted or unsubstituted C1 to C30 alkoxy
group, a substituted or unsubstituted C3 to C30
cycloalkyl group, a substituted or unsubstituted C2 to
C30 alkenyl group, a substituted or unsubstituted C6 to
C30 aryl group, a substituted or unsubstituted C1 to C30
heteroaryl group, a substituted or unsubstituted C1 to
C30 amino group, SFs, a trialkylsilyl group having a
substituted or unsubstituted C1 to C30 alkyl group, a
dialkylarylsilyl group having a substituted or unsubsti-
tuted C1 to C30 alkyl group and a C6 to C30 aryl group,
a triarylsilyl group having a substituted or unsubstituted
C6 to C30 aryl group, a substituted or unsubstituted
diaryl boronyl, or at least two of R" to R? are fused to
form a fused ring, and

n is an integer ranging from 0 to 2.

2. The organometallic complex of claim 1, wherein the

ganometallic complex is represented by Chemical Formula

Chemical Formula 2
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wherein, in Chemical Formula 2,

M is Ir, Os, Pt, Pb, Re, Ru, or Pd,

CyN-M-CyC forms a heterocyclic ring and CyN—CyC is
acyclometalating ligand bonded with M through a nitro-
gen atom and a carbon atom; or CyN is a substituted or
unsubstituted C2 to C60 heterocyclic group comprising
a nitrogen atom bonded with M or a substituted or
unsubstituted C3 to C60 heteroaryl group comprising a
nitrogen atom bonded with M, CyC is a substituted or
unsubstituted C4 to C60 carbon cyclic group including a
carbon atom bonded with M, a substituted or unsubsti-
tuted C3 to C60 heterocyclic group including a carbon
atom bonded with M, a substituted or unsubstituted C3
to C60 aryl group including a carbon atom bonded with
M, a substituted or unsubstituted C7 to C60 arylalkyl
group including a carbon atom bonded with M, or a
substituted or unsubstituted C3 to C60 heteroaryl group
including a carbon atom bonded with M, and CyN—
CyC is a cyclometalating ligand bonded with M through

a nitrogen atom and a carbon atom,

X! to X are independently N or CR', provided at least one
of X* to X? is anitrogen atom and at least one of X* to X°

is a nitrogen atom,

R' to R% and R' are independently hydrogen, deuterium, a
halogen, a substituted or unsubstituted C1 to C30 alkyl
group, a substituted or unsubstituted C1 to C30 alkoxy
group, a substituted or unsubstituted C3 to C30
cycloalkyl group, a substituted or unsubstituted C2 to
C30 alkenyl group, a substituted or unsubstituted C6 to
C30 aryl group, a substituted or unsubstituted C1 to C30
heteroaryl group, a substituted or unsubstituted C1 to
C30 amino group, SFs, a trialkylsilyl group having a
substituted or unsubstituted C1 to C30 alkyl group, a
dialkylarylsilyl group having a substituted or unsubsti-
tuted C1 to C30 alkyl group and a C6 to C30 aryl group,
a triarylsilyl group having a substituted or unsubstituted
C6 to C30 aryl group, a substituted or unsubstituted
diaryl boronyl, or at least two of R* to R® are fused to
form a fused ring,

nand m are independently integers ranging from Oto 2, and

m+n<3.

3. The organometallic complex of claim 1, wherein the

organometallic complex is represented by Chemical Formula

3:
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Chemical Formula 3

wherein, in Chemical Formula 3,

M is Ir, Os, Pt, Pb, Re, Ru, or Pd,

X" to X° are independently N or CR', provided at least one
of X' to X? is atom N, at least one of X* to X®is atom N,
and at least one of X’ to X is atom N,

R! to R? and R are independently hydrogen, deuterium, a
halogen, a substituted or unsubstituted C1 to C30 alkyl
group, a substituted or unsubstituted C1 to C30 alkoxy
group, a substituted or unsubstituted C3 to C30
cycloalkyl group, a substituted or unsubstituted C2 to
C30 alkenyl group, a substituted or unsubstituted C6 to
C30 aryl group, a substituted or unsubstituted C1 to C30
heteroaryl group, a substituted or unsubstituted C1 to
C30 amino group, SFs, a trialkylsilyl group having a
substituted or unsubstituted C1 to C30 alkyl group, a
dialkylarylsilyl group having a substituted or unsubsti-
tuted C1 to C30 alkyl group and a C6 to C30 aryl group,
a triarylsilyl group having a substituted or unsubstituted
C6 to C30 aryl group, a substituted or unsubstituted
diaryl boronyl, or R" to R are fused to form a fused ring,

nand m are independently integers ranging from 0 to 2, and
m+n=3.

4. The organometallic complex of claim 1, wherein the
cyclometalating ligand (CyN—CyC) is one of chemical for-

mulae:
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wherein, in the above chemical formulae,

R!'',R'% R'3, R™, and R'® are independently a monosub-
stituted or multisubstituted group, hydrogen, a halogen,
—OR, —N(R),, —P(R),, —POR, —PO,R, —PO;R,
—SR, —Si(R);, —B(R),, —B(OR), —C(O)R,
—C(0)OR, —C(O)N(R), —CN, —NO,, —S0,,
—3S0R, —SO,R, —SO;R, a C1 to C20 alkyl group, or
a C6 to C20 aryl group,

wherein R is hydrogen, deuterium, a halogen, a substituted
or unsubstituted C1 to C20 alkyl group, a substituted or
unsubstituted C1 to C10 alkoxy group, a substituted or
unsubstituted C2 to C20 alkenyl group, a substituted or
unsubstituted C2 to C20 alkynyl group, a substituted or
unsubstituted C1 to C20 heteroalkyl group, a substituted
or unsubstituted C6 to C40 aryl group, a substituted or
unsubstituted C7 to C40 arylalkyl group, a substituted or
unsubstituted C7 to C40 alkylaryl group, a substituted or
unsubstituted C2 to C40 heteroaryl group, or a substi-
tuted or unsubstituted C3 to C40 heteroarylalkyl group,
and
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7.is S, O, or NR® wherein R® is hydrogen or a C1 to C20
alkyl group.
5. The organometallic complex of claim 1, wherein the M
is Ir or Pt.

6. The organometallic complex of claim 1, wherein at least
two of X* to X7 are nitrogen atoms.

7. The organometallic complex of claim 1, wherein all of
X' to X? are nitrogen atoms.

8. The organometallic complex of claim 2, wherein at least
two of X! to X? are nitrogen atoms, and at least two of X* to
X8 are nitrogen atoms.

9. The organometallic complex of claim 2, wherein all of
X! to X? are nitrogen atoms, and all of X* to X° are nitrogen
atoms.

10. The organometallic complex of claim 3, wherein at
least two of X* to X? are nitrogen atoms, at least two of X* to
X° are nitrogen atoms, and at least two of X” to X” are nitro-
gen atoms.

11. The organometallic complex of claim 3, wherein all of
X! to X are nitrogen atoms, all of X* to X° are nitrogen
atoms, and all of X” to X® are nitrogen atoms.

12. The organometallic complex of claim 1, wherein the
compound represented by the above Chemical Formula 1 is
represented by one of Chemical Formulae A-1 to A-7:

Chemical Formula A-1

Chemical Formula A-2
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-continued -continued
Chemical Formula A-3 Chemical Formula A-6

CH3 CHj3
Chemical Formula A-4 F

Chemical Formula A-7

13. An organic electroluminescence device, comprising

an organic layer between a pair of electrodes, wherein the

organic layer includes the organometallic complex
according to claim 1.

14. The organic electroluminescence device of claim 13,
wherein the organic layer is an emission layer.

15. The organic electroluminescence device of claim 14,
wherein the organometallic complex is included in an amount
of about 1 to about 30 parts by weight based on 100 parts by
weight of an emission layer-forming material.

16. A display device comprising the organic electrolumi-
nescence device according to claim 13.
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