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ORGANIC METAL COMPLEX, AND
ORGANIC LIGHT EMITTING DEVICE AND
DISPLAY APPARATUS USING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
U.S. patent application Ser. No. 16/045,842, filed on Jul. 26,
2018, which is a continuation application of U.S. patent
application Ser. No. 15/374,364, filed on Dec. 9, 2016,
which is a continuation application of U.S. patent applica-
tion Ser. No. 12/682,628, filed on Apr. 12, 2010, which
claims priority to an International Patent Application No.
PCT/IP2008/070633, filed on Nov. 6, 2008, which claims
priority to Japanese Patent Application No. 2007-290548,
filed Nov. 8, 2007, and all the benefits accruing therefrom
under 35 U.S.C. § 119, the disclosure of which is incorpo-
rated herein in its entirety by reference.

TECHNICAL FIELD

[0002] The present invention relates to an organic metal
complex, and an organic light emitting device and a display
apparatus using the organic metal complex.

BACKGROUND ART

[0003] An organic light emitting device is a device in
which a thin film including a fluorescent organic compound
is sandwiched between an anode and a cathode. Further,
electrons and holes are injected from the respective elec-
trodes to generate exciton of the fluorescent compound,
whereby the organic light emitting device emits light when
the exciton returns to a ground state.

[0004] Recent progress of an organic light emitting device
is remarkable, and the characteristics of the device enable a
light emitting device with a high luminance at a low applied
voltage, a variety of emission wavelengths, high-speed
responsiveness, thin and light weight. From this fact, it is
suggested that the organic light emitting device have poten-
tial to find use in a wide variety of applications.

[0005] However, the present situation calls for optical
output with even higher luminance or higher conversion
efficiency. In addition, many problems still remain to be
solved regarding durability against the change over time due
to long-term use, deterioration caused by atmospheric gas
containing oxygen, moisture, or the like.

[0006] Further, when considering application to a full
color display or the like, the present art is still insufficient
against problems relating to the needs for light emission of
ared color with high color purity and high efficiency. On the
other hand, an organic light emitting device having, in
particular, high color purity, high light emitting efliciency,
and high durability, and a material realizing the organic light
emitting device have been demanded.

[0007] By the way, as a light emitting material which can
utilize light emission from a triplet excitation state, an
iridium (Ir) complex has been proposed. Examples of the Ir
complex to be used as the light emitting material herein
include the Ir complexes disclosed in Macromol. Symp. 125,
1-48 (1997), “Improved energy transfer in electrophospho-
rescent device”, D. F. O’Brien, et al., Applied Physics
Letters, Vol. 74, No. 3, p. 422 (1999), “Very high-efficiency
green organic light-emitting devices based on electrophos-
phorescence™, M. A. Baldo, et al., Applied Physics Letters,
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Vol. 75, No. 1, p. 4 (1999), Japanese Patent Application
Laid-Open No. 2001-247859, and Japanese Patent Applica-
tion Laid-Open No. 2005-344124.

DISCLOSURE OF THE INVENTION

[0008] The present invention is accomplished to solve the
above-mentioned problems of the conventional art. That s,
an object of the present invention is to provide a novel Ir
complex. Further, another object of the present invention is
to provide an organic light emitting device having light
emission with high efficiency and high luminance, and
having durability.

[0009] An organic metal complex of the present invention
has a structure represented by the following general formula

(D:

ML, L, t)

where: M represents a metal atom selected from Ir, Pt, Rh,
Os, and Zn; L and L', which are different from each other,
each represent a bidentate ligand; m represents an integer of
1 to 3 and n represents an integer of 0 to 2, provided that
m+n is 3; a partial structure ML, represents a structure
represented by the following general formula (2):

where: A represents a structure represented by any one of the
following general formulae (3) to (7), which has, as a basic
skeleton, one of benzo[f]quinoline, benzo[h]quinoline, ben-
zo[f]isoquinoline, and benzo[h]isoquinoline:
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where R, to R,,, which may be identical to or different from
each other, each represent a hydrogen atom, a halogen atom,
a substituted or unsubstituted alkyl group, an alkoxy group,
an aralkyl group, a substituted amino group, a substituted or
unsubstituted aryl group, or a substituted or unsubstituted
heterocyclic group, and adjacent substituents among R, to
R, may be bonded to form a ring; and

[0010] B represents a benzene ring which may have a
substituent, a fused ring which may have a substituent, a
vinyl group which may have a substituent, or a heterocycle
which may have a substituent; and

[0011] a partial structure ML', represents a structure
including a monovalent bidentate ligand.

[0012] According to the present invention, there can be
provided the novel Ir complex and the organic light emitting
device having light emission with high efficiency and high
luminance, and having durability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a diagram illustrating schematically a
configuration example of a display apparatus including an
organic light emitting device of the present invention and a
driving unit, which is an embodiment of a display apparatus.
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[0014] FIG. 2 is a circuit diagram illustrating a circuit
which constitutes one of the pixels arranged on the display
apparatus shown in FIG. 1.

[0015] FIG. 3 is a schematic diagram illustrating an
example of a cross-sectional structure of a TFT substrate
which is used in the display apparatus shown in FIG. 1.
[0016] FIG. 4 is a diagram illustrating a PL spectrum of
Exemplified Compound B-20 in 1x10~> mol/1 toluene solu-
tion.

[0017] FIG. 5 is a diagram illustrating a PL spectrum of
Exemplified Compound B-1 in 1x10~> mol/l toluene solu-
tion.

[0018] FIG. 6 is a diagram illustrating a PL spectrum of
Exemplified Compound A-30 in 1x10~* mol/1 toluene solu-
tion.

[0019] FIG. 7 is a diagram illustrating a PL spectrum of
Exemplified Compound A-1 in 1x10~> mol/l toluene solu-
tion.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0020] An organic metal complex of the present invention
is an organic metal complex having a structure represented
by the following general formula (1):

ML,L, M

[0021] where: M represents a metal atom selected from Ir,
Pt, Rh, Os, and Zn;

[0022] L,, and L', which are different from each other,
each represent a bidentate ligand, and specific structures of
L and L' are described below; and

[0023] m represents an integer of 1 to 3 and n represents
an integer of 0 to 2, provided that m+n is 3.

[0024] Hereinafter, the specific structure of L is described.
A partial structure ML,, of the complex containing L is
represented by the following general formula (2):

@

[0025] where A represents a structure represented by any
one of the following general formulae (3) to (7), which has,
as a basic skeleton, one of benzo[f]quinoline, benzo[h]
quinoline, benzo[f]isoquinoline, and benzo[h|isoquinoline:
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[0026] where R, to R, each represent a hydrogen atom, a

halogen atom, a substituted or unsubstituted alkyl group, an
alkoxy group, an aryloxy group, an aralkyl group, a substi-
tuted amino group, a substituted or unsubstituted aryl group,
or a substituted or unsubstituted heterocyclic group.

[0027] Examples of the halogen atom represented by R, to
R, include fluorine, chlorine, bromine, and iodine.

[0028] Examples of the alkyl group represented by R, to
R, include, but of course are not limited to, a methyl group,
an ethyl group, an n-propyl group, an isopropyl group, an
n-butyl group, a t-butyl group, a sec-butyl group, an octyl
group, a 1-adamantyl group, and a 2-adamantyl group.

[0029] Examples of the alkoxy group represented by R, to
R, include, but of course are not limited to, a methoxy
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group, an ethoxy group, a propoxy group, a 2-ethyl-octyloxy
group, and a benzyloxy group.

[0030] Examples of the aryloxy group represented by R,
to Ry, include, but of course are not limited to, a phenoxy
group, a 4-tert-butyl phenoxy group, and a thienyloxy group.
[0031] Examples of the aralkyl group represented by R, to
R, include, but of course are not limited to, a benzyl group.
[0032] Examples of the substituted amino group repre-
sented by R, to R, include, but of course are not limited to,
an N-methylamino group, an N-ethylamino group, an N,N-
dimethylamino group, an N,N-diethylamino group, an
N-methyl-N-ethylamino group, an N-benzylamino group, an
N-methyl-N-benzylamino group, an N,N-dibenzylamino
group, an anilino group, an N,N-diphenylamino group, an
N,N-dinaphthylamino group, an N,N-difluorenylamino
group, an N-phenyl-N-tolylamino group, an N,N-ditoly-
lamino group, an N-methyl-N-phenylamino group, an N,N-
dianisolylamino group, an N-mesityl-N-phenylamino group,
an N,N-dimesitylamino group, an N-phenyl-N-(4-tert-butyl-
phenyl)amino group, and an N-phenyl-N-(4-trifluorometh-
ylphenyl)amino group.

[0033] Examples of the aryl group represented by R, to
R, include, but of course are not limited to, a phenyl group,
a naphthyl group, an indenyl group, a pyrenyl group, an
indacenyl group, an acenaphthenyl group, a phenanthryl
group, a fluoranthenyl group, a triphenylenyl group, a chry-
senyl group, a naphthacenyl group, a perylenyl group, a
biphenyl group, a terphenyl group, and a fluorenyl group.

[0034] Examples of the heterocyclic group represented by
R, to R, include, but of course are not limited to, a pyridyl
group, an oxazolyl group, an oxadiazolyl group, a thiazolyl
group, a thiadiazolyl group, a carbazolyl group, an acridinyl
group, and a phenanthrolyl group.

[0035] Examples of the substituent that the alkyl group,
the aryl group, and the heterocyclic group each may further
have include, but of course are not limited to: alkyl groups
such as a methyl group, an ethyl group, and a propyl group;
aralkyl groups such as a benzyl group; aryl groups such as
a pheny! group, a biphenyl group, a tetrakis(9,9-dimethyl-
fluorenyl) group; heterocyclic groups such as a pyridyl
group and a pyrrolyl group; amino groups such as a dim-
ethylamino group, a diethylamino group, a dibenzylamino
group, a diphenylamino group, and a ditolylamino group;
alkoxyl groups such as a methoxyl group, an ethoxyl group,
and a propoxyl group; aryloxyl groups such as a phenoxyl
group; and halogen atoms such as fluorine, chlorine, bro-
mine, and iodine; and a cyano group.

[0036] The substituents represented by R, to Re, Ry to R ¢,
R,; to R,,, Rysto Ry, or Ry5 to R, may each be identical
to or different from one another.

[0037] Inaddition, of those substituents represented by R,
to R;, Ry to Ry, Ry t0 R,y Rys 10 Ry, or Ry5 to Ry,
adjacent substituents may be bonded to form a ring such as
abenzene ring, an indene ring, a naphthalene ring, a pyridine
ring, a pyrrole ring, or a cyclohexyl ring.

[0038] In the formula (2), B represents a benzene ring
which may have a substituent, a fused ring which may have
a substituent, a vinyl group which may have a substituent, or
a heterocycle which may have a substituent.

[0039] Examples of the substituent that the benzene ring,
fused ring, vinyl group, and heterocycle each may further
have include halogen atoms, substituted or unsubstituted
alkyl groups, alkoxy groups, aryloxy groups, aralkyl groups,
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substituted amino groups, substituted or unsubstituted aryl
groups, and substituted or unsubstituted heterocyclic groups.

[0040] Examples of the halogen atom include fluorine,
chlorine, bromine, and iodine.

[0041] Examples of the alkyl groups include, but of course
are not limited to, a methyl group, an ethyl group, an
n-propyl group, an isopropyl group, an n-butyl group, a
tert-butyl group, a sec-butyl group, an octyl group, a 1-ada-
mantyl group, and a 2-adamantyl group.

[0042] Examples of the alkoxy group include, but of
course are not limited to, a methoxy group, an ethoxy group,
a propoxy group, a 2-ethyl-octyloxy group, and a benzyloxy
group.

[0043] Examples of the aryloxy group include, but of

course are not limited to, a phenoxy group, a 4-tert-butyl
phenoxy group, and a thienyloxy group.

[0044] Examples of the aralkyl group include, but of
course are not limited to, a benzyl group.

[0045] Examples of the substituted amino group include,
but of course are not limited to, an N-methylamino group, an
N-ethylamino group, an N,N-dimethylamino group, an N,N-
diethylamino group, an N-methyl-N-ethylamino group, an
N-benzylamino group, an N-methyl-N-benzylamino group,
an N,N-dibenzylamino group, an anilino group, an N,N-
diphenylamino group, an N,N-dinaphthylamino group, an
N,N-difluorenylamino group, an N-phenyl-N-tolylamino
group, an N,N-ditolylamino group, an N-methyl-N-phe-
nylamino group, an N,N-dianisolylamino group, an N-me-
sityl-N-phenylamino group, an N,N-dimesitylamino group,
an N-phenyl-N-(4-tert-butylphenyl)amino group, and an
N-phenyl-N-(4-trifluoromethylphenyl)amino group.

[0046] Examples of the aryl group include a phenyl group,
a naphthyl group, an indeny! group, a pyrenyl group, an
indacenyl group, an acenaphthenyl group, a phenanthryl
group, a fluorantheny! group, a triphenylenyl group, a chry-
senyl group, a naphthacenyl group, a perylenyl group, a
biphenyl group, a terphenyl group, and a fluorenyl group.

[0047] Examples of the heterocyclic group include, but of
course are not limited to, a pyridyl group, an oxazolyl group,
an oxadiazolyl group, a thiazolyl group, a thiadiazolyl
group, a carbazolyl group, an acridinyl group, and a phenan-
throlyl group.

[0048] Examples of the substituent that the alkyl group,
the aryl group, and the heterocyclic group each may further
have include: alkyl groups such as a methyl group, an ethyl
group, and a propyl group; aralkyl groups such as a benzyl
group; aryl groups such as a phenyl group, a biphenyl group,
and a tetrakis(9,9-dimethylfluorenyl) group; heterocyclic
groups such as a pyridyl group and a pyrrolyl group; amino
groups such as a dimethylamino group, a diethylamino
group, a dibenzylamino group, a diphenylamino group, and
a ditolylamino group; alkoxyl groups such as a methoxyl
group, an ethoxyl group, and a propoxyl group; aryloxyl
groups such as a phenoxyl group; and halogen atoms such as
fluorine, chlorine, bromine, and iodine; and a cyano group.

[0049] Hereinafter, the specific structure of L' in the
formula (1) is described. A partial structure ML', of the
complex containing L' is a structure containing monovalent
bidendate ligand (L").
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[0050] Here, specific examples of the monovalent biden-
tate ligand are not particularly limited, but include ligands
each having, as a basic skeleton, acetylacetone, phenylpyri-
dine, picolinic acid, oxalate, or salene.

[0051]
is preferably the organic metal complex represented by the

The organic metal complex of the present invention

formula (1) where M represents Ir, the partial structure ML,
represents a structure represented by the following general
formula (8) or (9), and the partial structure ML', represents
a structure represented by any one of the following general
formulae (10) to (12).
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[0052] First, the partial structure ML, is described. Note
that m has the same meaning as m in the formula (1).

[0053] In the formulae (8) and (9), R,, to R, each rep-
resent a hydrogen atom, a halogen atom, a substituted or
unsubstituted alkyl group, an alkoxy group, an aralkyl
group, an amino group, a substituted or unsubstituted aryl
group, or a substituted or unsubstituted heterocyclic group.

[0054] Examples of the halogen atom represented by R,
to Ry, include fluorine, chlorine, bromine, and iodine.

[0055] Examples of the alkyl group represented by R, to
R4 include, but of course are not limited to, a methyl group,
an ethyl group, an n-propyl group, an isopropyl group, an
n-butyl group, a tert-butyl group, a sec-butyl group, an octyl
group, a 1-adamantyl group, and a 2-adamantyl group.
[0056] Examples of the alkoxy group represented by R,
to Rg, include, but of course are not limited to, a methoxy
group, an ethoxy group, a propoxy group, a 2-ethyl-octyloxy
group, and a benzyloxy group.

[0057] Examples of the aryloxy group represented by R,
to Re, include, but of course are not limited to, a phenoxy
group, a 4-tert-butyl phenoxy group, and a thienyloxy group.

[0058] Examples of the aralkyl group represented by R,
to Rg, include, but of course are not limited to, a benzyl
group.

[0059] Examples of the substituted amino group repre-
sented by R,, to R, include, but of course are not limited to,
an N-methylamino group, an N-ethylamino group, an N,N-
dimethylamino group, an N,N-diethylamino group, an
N-methyl-N-ethylamino group, an N-benzylamino group, an
N-methyl-N-benzylamino group, an N,N-dibenzylamino
group, an anilino group, an N,N-diphenylamino group, an
N,N-dinaphthylamino group, an N,N-difluorenylamino
group, an N-phenyl-N-tolylamino group, an N,N-ditoly-
lamino group, an N-methyl-N-phenylamino group, an N,N-
dianisolylamino group, an N-mesityl-N-phenylamino group,
an N,N-dimesitylamino group, an N-phenyl-N-(4-tert-butyl-
phenyl)amino group, and an N-phenyl-N-(4-trifluorometh-
ylphenyl)amino group.

[0060] Examples of the aryl group represented by R, to
Rg, include a phenyl group, a naphthyl group, an indenyl
group, a pyrenyl group, an indacenyl group, an acenaphthe-
nyl group, a phenanthryl group, a fluoranthenyl group, a
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triphenylenyl group, a chrysenyl group, a naphthacenyl
group, a perylenyl group, a biphenyl group, a terphenyl
group, and a fluorenyl group.

[0061] Examples of the heterocyclic group represented by
R,, to R, include, but of course are not limited to, a pyridyl
group, an oxazolyl group, an oxadiazolyl group, a thiazolyl
group, a thiadiazolyl group, a carbazolyl group, an acridinyl
group, and a phenanthrolyl group.

[0062] Examples of the substituent that the alkyl group,
the aryl group, and the heterocyclic group each may further
have include: alkyl groups such as a methyl group, an ethyl
group, and a propyl group; aralkyl groups such as a benzyl
group; aryl groups such as a phenyl group, a biphenyl group,
and a tetrakis(9,9-dimethylfluorenyl) group; heterocyclic
groups such as a pyridyl group and a pyrrolyl group; amino
groups such as a dimethylamino group, a diethylamino
group, dibenzylamino group, a diphenylamino group, and a
ditolylamino group; alkoxyl groups such as a methoxyl
group, an ethoxyl group, and a propoxyl group; aryloxyl
groups such as a phenoxyl group; and halogen atoms such as
fluorine, chlorine, bromine, and iodine; and a cyano group.
[0063] The substituents represented by R,; to Rs, or R,
to Ry, may each be identical to or different from one another.
[0064] In addition, of those substituents represented by
R, to Ry, or Ry; to Ry, adjacent substituents may be
bonded to form a ring such as a benzene ring, an indene ring,
a naphthalene ring, a pyridine ring, a pyrrole ring, or a
cyclohexyl ring.

[0065] Next, the partial structure ML', is described. Note
that n has the same meaning as n in the formula (1).
[0066] In the formulae (10) to (12), Res to R4 each
represent a hydrogen atom, a halogen atom, a substituted or
unsubstituted alkyl group, an alkoxy group, an aralkyl
group, a substituted amino group, a substituted or unsubsti-
tuted aryl group, or a substituted or unsubstituted heterocy-
clic group.

[0067] Examples of the halogen atom represented by R
to R, include fluorine, chlorine, bromine, and iodine.
[0068] Examples of the alkyl group represented by Rgs to
R, include, but of course are not limited to, a methyl group,
an ethyl group, an n-propyl group, an isopropyl group, an
n-butyl group, a tert-butyl group, a sec-butyl group, an octyl
group, a 1-adamantyl group, and a 2-adamantyl group.
[0069] Examples of the alkoxy group represented by R
to R, include, but of course are not limited to, a methoxy
group, an ethoxy group, a propoxy group, a 2-ethyl-octyloxy
group, and a benzyloxy group.

[0070] Examples of the aryloxy group represented by R
to R, include, but of course are not limited to, a phenoxy
group, a 4-tert-butyl phenoxy group, and a thienyloxy group.
[0071] Examples of the aralkyl group represented by R
to R, include, but of course are not limited to, a benzyl
group.

[0072] Examples of the substituted amino group repre-
sented by R, to R, include, but of course are not limited to,
an N-methylamino group, an N-ethylamino group, an N,N-
dimethylamino group, an N,N-diethylamino group, an
N-methyl-N-ethylamino group, an N-benzylamino group, an
N-methyl-N-benzylamino group, an N,N-dibenzylamino
group, an anilino group, an N,N-diphenylamino group, an
N,N-dinaphthylamino group, an N,N-difluorenylamino
group, an N-phenyl-N-tolylamino group, an N,N-ditoly-
lamino group, an N-methyl-N-phenylamino group, an N,N-
dianisolylamino group, an N-mesityl-N-phenylamino group,
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an N,N-dimesitylamino group, an N-phenyl-N-(4-tert-butyl-
phenylamino group, and an N-phenyl-N-(4-triftuorometh-
ylphenyl)amino group.

[0073] Examples of the aryl group represented by R, to
R, include a phenyl group, a naphthyl group, an indenyl
group, a pyrenyl group, an indacenyl group, an acenaphthe-
nyl group, a phenanthryl group, a fluoranthenyl group, a
triphenylenyl group, a chrysenyl group, a naphthacenyl
group, a perylenyl group, a biphenyl group, a terphenyl
group, and a fluorenyl group.

[0074] Examples of the heterocyclic group represented by
Rg5 to R4 include, but of course are not limited to, a pyridyl
group, an oxazolyl group, an oxadiazolyl group, a thiazolyl
group, a thiadiazolyl group, a carbazolyl group, an acridinyl
group, and a phenanthrolyl group.

[0075] Examples of the substituent that the alkyl group,
the aryl group, and the heterocyclic group each may further
have include: alkyl groups such as a methyl group, an ethyl
group, and a propyl group; an aralkyl group such as a benzyl
group; aryl groups such as a phenyl group, a biphenyl group,
and a tetrakis(9,9-dimethylfluorenyl) group; heterocyclic
groups such as a pyridyl group and a pyrrolyl group; amino
groups such as a dimethylamino group, a diethylamino
group, a dibenzylamino group, a diphenylamino group, and
a ditolylamino group; alkoxyl groups such as a methoxyl
group, an ethoxyl group, and a propoxyl group; aryloxyl
groups such as a phenoxyl group; halogen atoms such as
fluorine, chlorine, bromine, and iodine; and a cyano group.
[0076] The substituents represented by Rgs to R,,, Ro5 to
R, or R, to R, may each be identical to or different from
one another.

[0077] In addition, of those substituents represented by
Rgs to Ry, Ry5 to Rog, or R, to R, adjacent substituents
may be bonded to form a ring such as a benzene ring, an
indene ring, a naphthalene ring, a pyridine ring, a pyrrole
ring, or a cyclohexyl ring.

[0078] Next, the synthesis method for an organic metal
complex of the present invention is described. The organic
metal complexes represented by the general formulae (1)
and (6) to (9) can be synthesized with reference to J. Org.
Chem. (2001), Vol. 66, 8042-8051, Org. Lett., Vol. 7, No. 18,
2005, Org. Lett., Vol. 7, No. 23, 2005, Chimica Therapeutica
(1971), Vol. 6(1), 48-9, and J. Org. Chem. (1938), Vol.
23268-71.

[0079] Specifically, the organic metal complex can be
synthesized through the following steps.

(1) Synthesis of an organic compound serving as a ligand
(i1) Synthesis of an organic metal complex

[0080] Here, the organic compound serving as a ligand can
be synthesized by any one of Synthetic Routs 1 to 3, for
example.

Synthetic Rout 1
[0081]

Br

NPS
BPO

e
Ccay,

Gl
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-continued
Br

2-Nitropropane
Br NaOEt
EtOH

t-BuNH,

0 cateH,0
—_

THF

Q{

G2

Ni(COD)
N3.2C03

Br
\ >< (o-Tolyl)sP
O N DMF

Synthetic Route 2

[0082]
COOH
p
CICO,CoH,
NaN3
3
CON;
p
A
— -
Z w\u
POCI
—_—
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-continued -continued

B(OHy)

G3

Synthetic Route 3
[0083]

[0084] Note that, whichever of Synthetic Routes 1 to 3 is
employed, an organic compound as a starting substance is
not limited to one of Compounds G1 to G6 represented in
Synthetic Routes 1 to 3.

[0085] Here, in the case of employing Synthetic Route 1,
combinations of a bromo body as a starting substance, an

arylacetylene as a starting substance, and a ligand to be
G5 synthesized are given in Table 1 below, for example, but the
present invention is not limited thereto.

TABLE 1

Bromo body Arylacetylene Ligand to be synthesized

| [ : O




US 2019/0348618 A1l Nov. 14,2019

TABLE 1-continued
Bromo body Arvlacetylene Ligand to be synthesized
4 Br
5 Br
6 Br
7 Br
8 Br

[0086] On the other hand, in the case of employing Syn- a starting substance, and a ligand to be synthesized are given
thetic Route 2, combinations of a chloro body as a starting in Table 2 below, for example, but the present invention is
substance, a boronic acid or an organic metal compound as not limited thereto.

TABLE 2

Chloro body Boronic acid or organic metal compound Ligand to be synthsized

| B(OH),
cl
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TABLE 2-continued

Chloro body Boronic acid or organic metal compound Ligand to be synthsized

h OO

é

Cl

-
W
]

11
B(CH),

Q)
s
J

Cl

&
-
3

l B(OH),

-
o

O
QO

(
@

) Oaval
\
\ 7/

- COAE

\
\_7/
16
N
| ch174®— MgBr OQ
O Cl
17
N
| 4©7Mg]3r
cl

-
Q\Q\Q\O\Q\Q\
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TABLE 2-continued

Chloro body Borenic acid or organic metal compound Ligand to be synthsized
18 / N
| B(OH),
Cl
19 /

I O
|N N
l / \ ZnBr

[0087] On the other hand, in the case of employing Syn- substance, and a ligand to be synthesized are given in Table
thetic Route 3, combinations of a benzoquinoline derivative 3 below, for example, but the present invention is not limited
as a starting substance, a lithium compound as a starting thereto.

\

TABLE 3

Benzoquinoline derivative Lithium compound Ligand to besynthesized

Li

N
z/l
®

NS
2% |
(
27 | zZ |
(X O

Li

Li

8
z/l
®
Z/
Ol

Li F

2
z/l
®
les]

]
z/l
®
s}
Z/
Ol

Li F

Z/
Y
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11

TABLE 3-continued

Benzoquinoline derivative Lithium compound Ligand to besynthesized

o
\

K.
e Q

I:])
27 |
O

2 |
(X C

27 |
®

30

zZ |
@

O
O
0D O

[0088] The various ligands synthesized by Synthetic
Routes 1 to 3 are used, whereby the organic metal complex
of the present invention can be synthesized by any one of
Synthetic Routes 4 to 6.

Synthetic Route 4
[0089]

\N/

in Ethoxyethanol/H,O

ICl;—3H,0
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Synthetic Route 5

[0090]

CL—3H,0

-continued

—_—
in glycerol

Triethanolamine
in ethyleneglyol

microwave

Ir/

12

P

N

Ir
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0] 0]

PN

N32C03
in Ethoxyethanol

Synthetic Route 6
[0091]

Ir(acac);

glycerol

Ir/

[0092] Here, in the case of employing Synthetic Route 4,
an organic metal complex formed of two or more kinds of
ligands can be synthesized. When Synthetic Route 4 is
employed, in a second step reaction, picolinic acid or
tert-butyl acetylacetone may be used instead of acetylac-
etone. In addition, in a third step reaction, a ligand such as
phenyl pyridine may be used instead of a ligand synthesized
by any one of Synthetic Routes 1 to 3 (phenyl benzoquino-
line, phenyl benzoisoquinoline).

[0093] As described above, the organic metal complex of
the present invention includes one kind or two kinds of
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bidentate ligands and a metal atom such as Ir. In addition, the
bidentate ligand has, as a basic skeleton, a heterocyclic
skeleton containing a nitrogen atom which forms a coordi-
nate bond with the metal atom. Specifically, as a basic
skeleton, the bidentate ligand has, as a basic skeleton, one of
benzo[f]quinoline, benzo[h]quinoline, benzo[flisoquinoline,
and benzo[hJisoquinoline, which are shown below.

\_/ \_/

Benzo[f]isoquinoline

GO

Benzo[h isoquinoline Benzo[f]quinoline

)
N

Benzo(h]quinoline

[0094] The above-mentioned heterocycle is incorporated
as a basic skeleton of the bidentate ligand, whereby a light
emitting material having high efficiency can be obtained
without an emission wavelength being lengthened when a
quinoline or an isoquinoline skeleton is used.

[0095] As a measure for improving light emitting effi-
ciency of the light emitting material, there are given a
measure for suppressing deactivation due to a nonradiative
process (hereinafter, referred to as first measure) and a
measure for increasing oscillator strength of the material
itself (hereinafter, referred to as second measure).

[0096] As the first measure, decreasing the number of
freely-rotating sites in molecules and the like have been
generally known. On the other hand, the second measure
largely depends on a structure of the complex or a basic
structure of the ligand, whereby it is difficult to control the
oscillator strength actively. In particular, increasing the
oscillator strength while the emission wavelength is con-
trolled is an important factor in the organic light emitting
device, but difficult in practice.

[0097] Here, in the organic metal complex of the present
invention, a conjugate plane at a pyridine side of the ligand
1s extended away from the metal atom, and hence a quantum
efficiency of the complex itself can be increased.

[0098] On the other hand, in the case where electron
transition of the exciton which is generated by allowing the
light emitting material such as an organic metal complex to
excite has a metal to ligand charge transfer (MLCT) prop-
erty, an electron is transferred from the metal atom side to a
bidentate ligand side. When Ir(piq); and Compound A1 are
taken for example, a conjugate plane that a molecular
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structure present at a nitrogen-metal coordination side of the
bidentate ligand has is extended, and a center of gravity of
the conjugate plane is moved to a direction away from the
metal atom. From the foregoing, it was found that length-
ening a migration length of the electron which transfers from
the metal atom to the ligand upon the excitation of the
complex was effective for improving the light emitting
efficiency. This may be because, owing to the electron
transfer from the metal to the ligand and further away
therefrom, a dipolar moment of the complex upon the
excitation is increased and hence the oscillator strength is
improved.

Ir(pigJ3

Ir

Compound Al

[0099] In order to examine the fact, a molecular orbital for
a relationship of a distance between the conjugate plane that
the metal atom and the ligand in the organic metal complex
have and the oscillator strength was calculated. For example,
a molecular orbital (nonempirical molecular orbital calcu-
lation program: Gaussian, basis function: B3PW91/
LANL2DZ) for each organic metal complex represented by
one of the following formula was calculated.
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-continued

Ir(p-3ig)3

=3

O /
L N=

/

Compound B1

Compound C1

Qi

Ir(pq)s

Compound E1

14
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[0100] As a result, the calculational oscillator strength of
Compound Al was found to be 1.5 times to twice larger than
that of Ir(piq),. Similarly, it was found that each calcula-
tional oscillator strength of Compound B1 and C1 was 1.5
times to twice larger than that of Tr(p-3iq); and each calcu-
lational oscillator strength of Compound D1 and E1 was 1.5
times to twice larger than that of Ir(pq),. However, those
results were the results obtained from calculation, and actual
quantum efliciency of the compound may not be reflected to
the calculation results. However, the result can be an evi-
dence to support that light emitting characteristics tend to
improve due to the structure.

[0101] However, when ring structures such as a benzene
ring are fused simply, a conjugate length is lengthened for
fused components, and therefore, there is the case where the
emission wavelength of the compound itself is lengthened.
For example, Ir(p-bgiq); represented below lengthen the
wavelength by 100 nm or more with respect to Ir(p-3iq), and
the emission wavelength of the compound itself becomes
650 nm or more.

Ir(p-bgiq)s

[0102] Therefore, luminescent color becomes dark red and
the emission wavelength is lengthened too much, so the
compound is not a suitable light emitting material for an
organic EL display.

[0103] Then, when the ring structures such as a benzene
ring are fused, as shown in the above-mentioned Com-
pounds Al, B1, Cl1, D1, and E1, heterocyclic skeletons each
having a nitrogen atom which forms a coordinate bond with
a metal atom are fused in a non-linear form. With the
non-linear form, it was found that the oscillator strength
could be increased without the emission wavelength being
lengthened.

[0104] In this point, when the number of the benzene ring
present at the nitrogen-metal coordination side of the biden-
tate ligand is increased, the number of the benzene ring is
increased preferably at a position where the benzene ring is
not linear with respect to quinoline rings or isoquinoline
rings as shown in Al, Bl, C1, D1, and El. Further, for
increasing the oscillator strength, the benzene ring is fused
to form a ring preferably at as far away as possible from the
metal. From the foregoing, the benzene ring is fused to form
a ring preferably at f-position or h-position of the quinoline
ring or the isoquinoline ring. In particular, each structure of
Compounds Al and Bl can additionally increase the oscil-
lator strength by such points that a center of the conjugate
plane at the pyridine side is as far away as possible from the
metal atom and a moment of the metal and pyridine and a
moment of the metal and the gravity center of conjugate are
superposed.

[0105] On the other hand, the reason why the wavelength
is not lengthened, compared to the case of the quinoline ring
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or the isoquinoline ring, when a structure at the nitrogen-
metal side of the ligand has the structure like Compounds
Al, B1, Cl1, D1, and E1 lies in the above-mentioned fact.
[0106] In the organic metal complex of the present inven-
tion, an unshared electron pair that the nitrogen atom present
in the quinoline skeleton or the isoquinoline skeleton has is
used in forming a coordinate bond with the metal atom.
Therefore, the nitrogen atom may behave similarly as the
carbon atom. In the foregoing, a relationship among three
skeletons, i.e., the quinoline skeleton, the isoquinoline skel-
eton, and the skeleton in which a ring structure is fused to
those skeletons, is similar to a relationship among three
skeletons, i.e., naphthalene, anthracene, and phenanthrene.
[0107] Here, the following description is written in
“Handbook of photochemistry” published by Dekker: a
triplet excitation energy (T,) of anthracene in which a
benzene ring is fused linearly to naphthalene is 672 nm and
the wavelength thereof is indicated to be largely lengthened
while T, of naphthalene is 469 nm; on the other hand, T, of
phenanthrene in which a benzene ring is fused non-linearly
to naphthalene is 460 nm, and is indicated to be higher than
that of naphthalene.

[0108] Taking the above-mentioned fact into consider-
ation, emission wavelengths of benzo[f]quinoline, benzo[h]
quinoline, benzo[f]isoquinoline, and benzo[h]isoquinoline
corresponding to phenanthrene may not be lengthened com-
pared to quinoline and isoquinoline corresponding to naph-
thalene. Accordingly, a complex containing, as a ligand,
benzo[f]quinoline, benzo[h]quinoline, benzo[flisoquinoline,
or benzo[hlisoquinoline is found to have the following
characteristics: while a wavelength of the complex is not
lengthened with respect to a complex containing a isoqui-
noline skeleton or a quinoline skeleton, an oscillator strength
of the complex itself can be increased and an emission
quantum efficiency is improved. Therefore, the complex
containing, as a basic skeleton, benzo[f]quinoline, benzo[h]
quinoline, benzo[f]isoquinoline, or benzo[h]isoquinoline is
excellent as a light emitting material of a phosphorous light
emitting material or the like such as an Ir complex.

[0109] In addition, Compounds Al, B1, C1, D1, and E1
each have the following properties.

[0110] Compound Al without introducing a substituent
can emit a red light, which has a slightly shorter wavelength
than that of Tr(piq),, and the quantum efficiency is also high.
Accordingly, when Compound Al is used as a constituent
material of the organic light emitting device, a high-perfor-
mance device can be provided. In addition, by introducing a
substituent, the emission wavelength can be controlled.
[0111] Compounds B1 and C1 without introducing a sub-
stituent can emit a green light which has a slightly shorter
wavelength than that of Ir(p-3iq); and the quantum effi-
ciency is high. In addition, by introducing a substituent, the
emission wavelength can be controlled.

[0112] Compounds D1 and E1 without introducing a sub-
stituent can emit an orange light which has a slightly shorter
wavelength than that of Ir(pq); and the quantum efficiency
is high. In addition, by introducing a substituent, the emis-
sion wavelength can be controlled.

[0113] Thus, a light having a wavelength of green to red,
which is important in the organic light emitting device, can
be efliciently extracted by selecting a compound appropri-
ately from Compounds Al, B1, C1, D1, and El.

[0114] In addition, it is possible to introduce a substituent
into a ligand forming the organic metal complex of the
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present invention in order to impart steric hindrance to the
complex. Thus, a solubility of the ligand upon synthesis of
the complex is improved. In addition, from the foregoing,
concentration quenching is suppressed, so doping at high
concentration is enabled and the light emitting efficiency is
expected to be improved when the organic metal complex is
used as a constituent material of the device. Here, examples
of the substituent for imparting the steric hindrance to the
complex include substituents which avoid approaching of
luminous ligands to each other, such as a methyl group, a
tert-butyl group, and a phenyl group, and substituents which
induce repulsion of molecules to each other, such as halogen
atoms. By introducing those substituents, even when doping
of concentration as high as 5 wt % or more with respect to
matrix is occurred, a light can be emitted without reducing
a light emitting efficiency.

[0115] On the other hand, when the ring structure such as
a benzene ring is fused linearly as the above-mentioned
Ir(p-bgiq)s, a part which is weak to oxidation and is highly
reactive such as 9-position or 10-position in an anthracene
skeleton, for example, is generated. Therefore, as Ir(p-bgiq)
3, @ compound having a skeleton in which ring structures
such as a benzene ring are linearly fused may not be
preferred as a constituent material for an organic light
emitting device.

[0116] By the way, in the ligand forming the organic metal
complex of the present invention, as a basic skeleton con-
taining a carbon atom which forms a coordinate bond with
a metal atom, a benzene ring is mainly exemplified, but a
skeleton other than a benzene ring may also be used as long
as the skeleton has the structure containing a carbon atom
which forms a coordinate bond with a metal atom. By
appropriately controlling the basic skeleton containing a
carbon atom which forms a coordinate bond with a metal
atom, an emission wavelength of the organic metal complex
itself can be controlled. Examples of the basic skeleton
include a naphthalene ring, a fluorene ring, a carbazole ring,
a vinyl skeleton, and a pyridine ring, in addition to the
benzene ring,

[0117] In addition, the organic metal complex of the
present invention may have a molecular structure in which
ligands of the same kind are coordinated to the metal atom
or may have a molecular structure in which two kinds of
ligands having different structures are coordinated from a
viewpoint of controlling a molecular weight and a wave-
length.

[0118] Here, in the case where the complex has the struc-
ture in which ligands of the same kind are coordinated to the
metal atom, the complex has high symmetric property to the
metal atom, and hence has such high heat stability and high
electrical stability that the metal complex is not easily
decomposed upon deposition. In addition, introduction of a
substituent enables lengthening a distance from another light
emitting molecules. Therefore, even with doping of as high
concentration as 10% or higher to 100%, a light can be
emitted while reduction of the light emitting efficiency is
suppressed. On the other hand, in the case where the
complex has the structure in which two kinds of ligands
having different structures are coordinated to the metal atom,
the complex has such properties that a deposition tempera-
ture can be adjusted by adjustment of the molecular weight
and the emission wavelength can be controlled by using an
electronic effect of a ligand which does not emit a light. In
addition, the number of ligands relating to light emitting can
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be reduced from 3 ligands to 2 ligands or 1 ligand. There-
fore, a concentration quenching can be expected to be
suppressed and even with doping of as high concentration as
10% or higher to 100%, a light can be emitted while
reduction of the light emitting efficiency is suppressed.
[0119] In addition, the organic metal complex of the
present invention has steric constitutional isomers, i.e., a fac
body and a mer body. The organic metal complex of the
present invention may have one of the structures but pref-
erably the fac body which may generally have high quantum
efficiency. However, in the case where the complex has the
structure in which two kinds of ligands having different
structures are coordinated to the metal atom, even the mer
body such as Ir(ppy),acac may have high quantum effi-
ciency. Therefore, the fac body may not be necessarily
preferred. In addition, when the complex is synthesized, it is
difficult to synthesize one of constitutional isomers alterna-
tively and a mixture of both isomers may be used from the
aspect of cost.

[0120] Specific examples of the organic metal complex of
the present invention are described below. However, the
present invention is not limited thereto.
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[0121] Next, the organic light emitting device of the
present invention is described in detail.

[0122] The organic light emitting device of the present
invention includes an anode, a cathode, and a layer formed
of an organic compound, which is sandwiched between the
anode and the cathode.

[0123] Hereinafter, embodiments of the organic light emit-
ting device of the present invention are described.

[0124] A first embodiment of an organic light emitting
device according to the present invention includes the
anode, the organic emission layer, and the cathode, which
are sequentially formed on a substrate. The first embodiment
is useful in a case where the emission layer is formed of an
organic compound which has all the properties including a
hole transporting ability, an electron transporting ability, and
light emitting property. Further, in a case where the emission
layer 1s formed of a mixture of compounds each having one
of the hole transporting ability, the electron transporting
ability, and the light emitting property.

[0125] A second embodiment of the organic light emitting
device according to the present invention includes the
anode, a hole transport layer, an electron transport layer, and
the cathode, which are sequentially formed on the substrate.
The second embodiment is useful in a case where an organic
compound which is a light emitting substance having one of
hole transporting property and electron transporting prop-
erty and an organic compound having electron transporting
property alone or hole transporting property alone are used
in combination. In addition, in this second embodiment, the
hole transport layer or the electron transport layer serves as
the emission layer.

[0126] A third embodiment of the organic light emitting
device according to the present invention includes the
anode, the hole transport layer, the emission layer, the
electron transport layer, and the cathode, which are sequen-
tially formed on the substrate. The third embodiment pro-
vides the light emitting device, in which a carrier transport-
ing function and a light emitting function are separated from
each other. Thus, the device can be used appropriately in
combination with organic compounds each having one of
the hole transporting property, electron transporting prop-
erty, and light emitting property. Therefore, in the third
embodiment, the degree of freedom in selection of a material
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extremely increases as well as various compounds different
from each other in emission wavelength can be used. As a
result, the range of luminescent colors can be widened.
Further, a light emitting efficiency of the organic light
emitting device can be improved by eflectively trapping
each carrier or exciton in the central emission layer.

[0127] A fourth embodiment of the organic light emitting
device according to the present invention includes the
anode, a hole injection layer, the hole transport layer, the
emission layer, and the cathode, which are sequentially
formed on the substrate. In the fourth embodiment, the
provision of the hole injection layer in between the anode
and the hole transport layer imparts an improving effect on
adhesiveness and the hole injection property, and is effective
for a reduction in voltage at which the device is driven.
[0128] A fifth embodiment of the organic light emitting
device according to the present invention includes the
anode, the hole transport layer, the emission layer, a hole/
exciton blocking layer, the electron transport layer, and the
cathode, which are sequentially formed on substrate. In the
fifth embodiment, a layer for inhibiting the escape of a hole
or exciton toward the side of the cathode, which is the
hole/exciton blocking layer, is provided between the emis-
sion layer and the electron transport layer. The use of a
composition material having an extremely high ionization
potential as a constituent material of the hole/exciton block-
ing layer is effective for improving the light emitting effi-
ciency.
[0129]
described in the first to fifth embodiments are each merely
very basic device structure, and the structure of the organic
light emitting device of the present invention is not limited
thereto. A variety of a layer structure may be provided. For
example: an insulating layer, an adhesive layer, or an inter-
ference layer may be provided onto an interface between an
electrode and an organic compound, and a hole transport
layer may be formed of two layers having different ioniza-
tion potentials.

[0130] In the organic light emitting device of the present
invention, the organic metal complex of the present inven-
tion can be used in any one of the first to fifth embodiments.
Here, the organic light emitting device of the present inven-
tion includes the organic metal complex of the present
invention in a layer formed of an organic compound (organic

It should be noted that the device structures as
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compound layer). Here, the term “organic compound layer”
refers to, for example, any one of the hole injection layer, the
hole transport layer, the emission layer, the hole/exciton
blocking layer, and the electron transport layer indicated in
the first to fifth embodiments. Preferred is the emission
layer.

[0131] In the organic light emitting device of the present
invention, the emission layer may be formed only of the
organic metal complex of the present invention, but prefer-
ably formed of a host and a guest. Here, the term “guest”
refers to a compound having mainly a function of light
emission. On the other hand, the term “host” refers to a
compound present as a matrix around the guest in the
emission layer and mainly having a function of transporting
a carrier and a function of providing an exciton energy to the
guest.

[0132] Here, in the case where the emission layer of the
organic light emitting device is formed of a host having a
carrier transporting property and a guest, a main process to
the light emission includes the following several processes.
Energy transfer and light emission in respective processes
are caused by competition with various deactivation pro-
cesses.

[0133] (1) Transport of an electron and a hole inside the
emission layer
[0134] (2) Exciton generation of the host, Exciton genera-

tion of the guest 1

[0135] (3) Exciton energy transmittanice among host mol-
ecules
[0136] (4) Exciton energy transfer from the host to the

guest, exciton generation of the guest 2

[0137] (5) light emission from guest molecules

[0138] In general, in order to increase the light emitting
efficiency of the organic light emitting device, an emission
central material itself is desired to have large light emitting
quantum efficiency.

[0139] Here, the organic metal complex of the present
invention has high quantum efficiency of light emission in a
dilute solution, whereby high light emitting efficiency can be
expected in the case of using the organic metal complex of
the present invention as a constituent material for the organic
light emitting device.

[0140] In the organic light emitting device according to
the present invention, in the case of using the organic metal
complex of the present invention as a guest (dopant),
examples of the corresponding host include iridium com-
pounds, compounds shown in Table 1, and derivatives
thereof.

TABLE 4
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[0141] In addition to the above compounds, there are
given, but of course the host is not limited to, a fused-ring
compounds (such as fluorene derivatives, naphthalene
derivatives, carbazole derivatives, quinoxaline derivatives,
and quinoline derivatives), organic aluminum complexes
such as tris(8-quinolilato)aluminum, organic zinc com-
plexes, triphenyl amine derivatives, polymer derivatives
such as poly(fluorene)derivatives, and poly(phenylene)der-
ivatives.

[0142] In addition, in the case of the organic metal com-
plex of the present invention as a guest (dopant), a concen-
tration of the guest is preferably 0.01 wt % to 20 wt %, and
more preferably 0.5 wt % to 10 wt % with respect to the host.
In addition, by controlling the concentration of the guest, the
emission wavelength of the device can be lengthened by
about 5 nm to 20 nm.

[0143] Here, a compound having a hole transporting prop-
erty, and a compound having a light emitting property, or a
compound having an electron transporting property, each of
which is a conventionally-known low-molecular-weight-
based or polymer compound-based, can be used, as required,
together with the organic metal complex of the present
invention.

[0144] Hereinafter, examples of those compounds are
given.
[0145] As the material having a hole injecting property, a

material having a high hole transfer degree is preferred to
facilitate the injection of a hole from an anode and to
transport the injected hole to the emission layer. Examples
of the low-molecular-weight-based or polymer-based mate-
rial each having a hole injecting property include, but are not
limited to, trialrylamine derivatives, phenylenediamine
derivatives, stilbene derivatives, phthalocyanine derivatives,
porphyrin derivatives, poly(vinylcarbazole), poly(thio-
phene), and other conductive polymers.

[0146] As the material having a light emitting property,
Ir(ppy)s. PH(OEP), Ir(piq)s, Algs, rubrene, coumarine, and
the like are exemplified in addition to the organic metal
complex of the present invention.

[0147] The electron injection transporting material may be
arbitrarily selected from compounds each of which facili-
tates the injection of an electron from a cathode and has a
function of transporting the injected electron to the emission
layer. In addition, the material is selected in consideration of,
for example, a balance with the hole mobility of the hole
transporting material. The materials having electron injec-
tion transporting abilities include, but are of course not
limited to, an oxadiazole derivative, an oxazole derivative,
a pyrazine derivative, a triazole derivative, a triazine deriva-
tive, a quinoline derivative, a quinoxaline derivative, a
phenanthroline derivative, and an organoaluminum com-
plex.

[0148] As a material for constituting an anode, a material
having as large a work function as possible is preferred.
Examples of available materials include: metal elements
such as gold, platinum, silver, copper, nickel, palladium,
cobalt, selenium, vanadium, and tungsten, and alloys
thereof; and metal oxides such as tin oxide, zinc oxide,
indium oxide, indium tin oxide (ITO), and indium zinc
oxide. Further, conductive polymers such as polyaniline,
polypyrrole, and polythiophene may also be used. Each of
those electrode substances may be used singly. Alternatively,
two or more of them may also be used in combination.
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Further, the anode may adopt any one of a single layer
construction and a multilayer construction.

[0149] On the other hand, as a material constituting a
cathode, a material having as small a work function as
possible is preferred. Examples of available materials
include: alkali metals such as lithium, alkali earth metals
such as calcium, and metal elements such as aluminum,
titanium, manganese, silver, lead, and chromium. Alterna-
tively, alloys in combination of those metal elements may
also be used. For example, magnesium-silver, aluminum-
lithium, and aluminum-magnesium can be used. Further,
metal oxides such as indium tin oxide (ITO) may also be
used. Each of those electrode substances may be used singly
or in combination of two or more. Further, the cathode may
adopt any one of a single layer construction and a multilayer
construction.

[0150] Substrates which may be used in the organic light
emitting device of the present invention include: opaque
substrates such as metallic substrates and ceramics sub-
strates; and transparent substrates such as glass, quartz, and
plastic sheet substrates, but are not particularly limited to
these materials. In addition, a color filter film, a fluorescent
color converting film, a dielectric reflection film, or the like
may be used in the substrate to control emitted light.

[0151] It should be noted that, a protective layer or a
sealing layer may be formed on the prepared device to
prevent the device from contacting with oxygen, moisture,
or the like. The protective layer may include a diamond thin
film, a film made of an inorganic material such as metal
oxide or metal nitride, a polymer film made of a fluorine
resin, polyethylene, a silicone resin, a polystyrene resin, or
the like, or may include a photo-curing resin or the like.
Further, the device itself can be covered with glass, a
gas-impermeable film, a metal, or the like and packaged
with an appropriate sealing resin.

[0152] Moreover, with respect to a direction of extracting
light of the device, both a bottom emission structure (struc-
ture in which light is extracted from the substrate side) and
a top emission structure (structure in which light is extracted
from a side opposite to the substrate) can be acceptable.

[0153] In the organic light emitting device of the present
invention, a layer containing the organic metal complex of
the present invention and a layer containing another organic
compound are formed by a method described below. In
general, such layers are produced using a vacuum deposition
method, ionization-assisted deposition method, a sputtering
method, or a plasma method, or a thin film may be formed
by dissolving the compound in a suitable solvent and
subjecting the resultant to a known coating method (e.g., a
spin coating method, a dipping method, a casting method, an
LB method, an ink jet method, etc.). Here, a layer formed by
the vacuum deposition method, a solution coating method,
or the like is preferred because crystallization is less likely
to occur and has excellent stability with time. In film
formation by the coating method, a film may be formed by
using a compound in combination with an appropriate
binder resin.

[0154] When the coating method is used, an oligomer or
a polymer material may be used as a host. In this time, the
oligomer or the polymer material can be mixed with the
organic metal complex of the present invention and then
coated, whereby a thin film having a good film-forming
property can be obtained.
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[0155] The organic light emitting device is produced spe-
cifically in the following processes.

[0156] (a) AnITO is patterned on a glass substrate to form
an anode.
[0157] (b) PEDOT (for organic EL) manufactured by

Bayer AG is dropped on the anode and spin-coated, followed
by drying to form a hole transport layer.

[0158] (c) A coating solution prepared from H-4 shown
below, A21 (a weight mixing ratio: H-4/A21=10/1), and a
solvent is dropped and spin-coated, followed by drying to
form an emission layer.

H4

[0159] (d) An electron transport layer such as Bphen is
deposited under vacuum.

[0160] (e) KF is deposited under vacuum, whereby a first
metal electrode is formed.

[0161] (D) Al is deposited under vacuum, whereby a sec-
ond metal electrode is formed.

[0162] Examples of the binder resin include, but of course
are not limited to, a polyvinylcarbazole resin, a polycarbon-
ate resin, a polyester resin, an ABS resin, an acrylic resin, a
polyimide resin, a phenol resin, an epoxy resin, a silicone
resin, and a urea resin. In addition, these binder resins each
may be formed of a homopolymer or a copolymer. In
addition, one kind of the binder resin may be used alone or
a mixture of two or more kinds may be used. Further, a
known additive such as plasticizer, an antioxidant, or a UV
absorber, as required, may be used in combination.

[0163] By various known ideas, the organic light emitting
device of the present invention can be improved in light-
extraction efficiency, color purity, and the like. For example,
by processing a shape of a substrate surface (for example,
forming a fine concavo-convex pattern), controlling refrac-
tive indices of the substrate, the ITO layer, or the organic
layer, controlling film thickness of the substrate, the ITO
layer, or the organic layer, and the like, the light-extraction
efficiency and the external quantum efficiency can be
improved. In addition, by methods involving reducing extra
wavelength component as a result of using a microcavity
structure (fine resonator structure) or obtaining a desired
color as a result of providing a color filter, the color purity
can be improved.

[0164] The organic light emitting device of the present
invention may be a so-called top emission system in which
a light emission is extracted from an anode side for the
purpose of improving an aperture ratio or may be a cavity
structure in which the color purity is adjusted by a light
interference.

[0165] The organic light emitting device of the present
invention can be applied to products which requires energy
conservation and high luminance. The device may be
applied to image display apparatuses, a light source of
printers, lighting equipment, backlight of liquid crystal
displays, and the like.
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[0166] As the image display apparatuses, an energy-con-
servation flat panel display having high visibility and light-
weight are exemplified.

[0167] In addition, as the light source of a printer, a laser
light source part of a laser beam, which is widely used at
present, can be substituted by the organic light emitting
device of the present invention. As the method of substitut-
ing, a method involving arranging, on an array, an organic
light emitting device which can address independently is
exemplified. Even if the laser light source part is substituted
by the organic light emitting device of the present invention,
an image is formed by exposing to a photosensitive drum
desirably as is conventionally done. Here, according to use
of the organic light emitting device of the present invention,
a volume of the printer can be largely reduced.

[0168] An energy conservation effect can be expected in
the lighting equipment and the backlight by using the
organic light emitting device of the present invention.
[0169] Next, the display apparatus using the organic light
emitting device of the present invention is described. The
display apparatus is provided with the organic light emitting
device of the present invention and a unit for supplying an
electrical signal to the organic light emitting device of the
present invention. Hereinafter, with reference to the figures
and taking an active matrix system as an example, the
display apparatus of the present invention is described in
detail.

[0170] First, reference numerals in the figures are
described. A display apparatus 1 includes a pixel circuit 14,
a scanning signal driver 11, an information signal driver 12,
and a current supplying source 13. A pixel circuit 2 includes
a first thin film transistor (TFT) 21, a condenser 22 (C_,,),
and a second thin film transistor (TFT) 23. A display
apparatus 3 includes a substrate 31, a moistureproof layer
32, a gate electrode 33, a gate insulating layer 34, a
semiconductor layer 35, a drain electrode 36, a source
electrode 37, a TFT device 38, an insulating layer 39, a
contact hole 310 (through hole), an anode 311, an organic
layer 312, a cathode 313, a first protective layer 314, and a
second protective layer 315.

[0171] FIG. 1 illustrates an embodiment of a display
apparatus. In addition, FIG. 1 illustrates schematically a
structural example of the display apparatus including the
organic light emitting device of the present invention and a
driving unit. In the display apparatus of FIG. 1, the scanning
signal driver 11, the information signal driver 12, the current
supplying source 13 are provided and the drivers and source
are connected to a gate selection line G, an information
signal line I, and a current supplying line C, respectively.
The pixel circuit 14 is provided on an intersection point of
the gate selection line G and the information signal line 1.
The scanning signal driver 11 selects gate selection lines
from G1 to Gn subsequently, and then an image signal is
applied to the pixel circuit 14 through any one of informa-
tion signal lines I1 to In from the synchronized information
signal driver 12.

[0172] Next, operation of the pixels is described. FIG. 2 is
a circuit diagram illustrating a circuit which forms one pixel
provided in the display apparatus of FIG. 1. In the pixel
circuit 2 of FIG. 2, when a selection signal is applied to a
gate selection line Gi, the first thin film transistor (TFT1) 21
is switched to ON, and then an image signal Ii is supplied to
the condenser (C,,,) 22, whereby a gate voltage of the
second thin film transistor (TFT2) 23 is determined. To the
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organic light emitting device 24, a current is supplied from
the current supplying line Ci according to the gate voltage of
the second thin film transistor (TFT2) 23. Here, the gate
voltage of the second thin film transistor (TFT2) 23 is
retained by the condenser (C, ;) 22 until the first thin film
transistor (TFT1) 21 is next selected for scanning. There-
fore, the current continues to be applied to the organic light
emitting device 24 until the next scanning is conducted.
From the foregoing, the organic light emitting device 24 can
emit light consistently during one frame.

[0173] FIG. 3 is a schematic drawing illustrating an
example of a cross sectional structure of a TFT substrate
used in the display apparatus of FIG. 1. The structure is
described in detail below by illustrating one example of a
production process of the TFT substrate. When the display
apparatus 3 of FIG. 3 is produced, the moistureproof layer
32 is coated on the substrate 31 such as a glass to protect a
member (a TFT or an organic layer) provided above the
substrate. As a material forming the moistureproof layer 32,
silicon oxide, a complex of silicon oxide and silicon nitride,
or the like is used. Next, a metal such as Cr is formed into
a film by sputtering, whereby the metal is patterned into a
predetermined circuit shape to form the gate electrode 33.
Subsequently, silicon oxide or the like is formed into a film
by a plasma CVD method, a catalytic chemical vapor
deposition method (cat-CVD method), or the like, and the
film is then patterned to form the gate insulating layer 34.
Next, by the plasma CVD method (in some cases, annealed
at a temperature of 290° C. or higher), a silicon film is
formed and pattered according to the circuit shape, whereby
the semiconductor layer 35 is formed.
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[0174] Further, the drain electrode 36 and the source
electrode 37 are provided on the semiconductor layer 35,
whereby the TFT device 38 is produced to form the circuit
as shown in FIG. 2. Next, the insulating layer 39 is formed
above the TFT device 38. Then, the contact hole (through
hole) 310 is formed so that the anode 311 for the organic
light emitting device formed of a metal and the source
electrode 37 are connected.

[0175] On the anode 311, the organic layer 312 formed of
a single layer or a multilayer, and the cathode 313 are
laminated subsequently, whereby the display apparatus 3
can be obtained. At this time, in order to prevent degradation
of the organic light emitting device, the first protective layer
314 or the second protective layer 315 may be provided.
According to driving of the display apparatus using the
organic light emitting device of the present invention, dis-
play of favorable image quality for a long time can be
obtained.

[0176] Note that the device is not limited to the switching
device, and a monocrystalline silicon substrate, MIM
device, a-Si type, or the like can be easily applied to the
above display apparatus.

[0177] Hereinafter, the present invention is described
more specifically by way of examples, but the present
invention is not limited thereto.

<Example 1> (Synthesis of Exemplified Compound

B-20)
[0178]
Br
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-continued

[0179] (1) The following regents and solvent were loaded
in a 500-ml reactor.

Compound F1: 25 g (113 mmol)

N-bromosuccinyl imide: 24.1 g (135 mmol)

Benzoyl peroxide: 2.74 ¢

Carbon tetrachloride: 357 ml

[0180] Next, the inside of the reactor was made an argon
atmosphere, and the reaction solution was then stirred for 2
hours while heated at 80° C. Next, after the reaction solution
was cooled, a crystal was deposited by adding isopropyl
ether to the solution. The precipitated crystal was filtered,
and the resultant crystal was then washed with a little
amount of isopropyl ether, and dried, whereby 26.3 g of
Compound F2 as a brown crystal was obtained (yield 77%).
[0181] (2) The following regents and solvents were loaded
in a 200-ml reactor.

Compound F2: 14 g (46.7 mmol)

2-nitropropane: 4.37 g (49 mmol)

Ethanol: 80 ml

[0182] Next, the inside of the reactor was made an argon
atmosphere, and 15.9 g (46.7 mmol) of 20% sodium ethox-
ide were added into the reactor. After that, the reaction
solution was stirred for 18 hours while heated at 40° C. The
reaction solution was cooled, followed by vacuum concen-
tration. Next, the obtained concentrate was subjected to a
solvent extraction twice with 100 ml of ethyl acetate,
whereby an organic layer was collected. Next, the organic
layer was washed with water and a saturated salt solution
sequentially, and then dried with magnesium sulfate. Next,
the filtrate obtained by filtration of the organic layer was
concentrated under vacuum, whereby a brownish-red solid
was obtained. The solid was washed with a mixed solution
containing isopropyl ether and hexane at 1:1, and then dried,
whereby 8.07 g of Compound F3 as a pale brown crystal
were obtained (yield 73%).

[0183] (3) The following regents and solvent were loaded
in a 50-ml reactor.

Compound F3: 8 g (34.0 mmol)

Tetrahydrofuran: 10 ml

[0184] tert-butyl amine: 7.47 g

[0185] Next, 3 ml of distilled water were added to the
reaction solution, followed by stirring at room temperature
for 24 hours. After the completion of the reaction, the
reaction solution was concentrated under vacuum. Next,
after 20 ml of water were added to the solution, the obtained

N
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solution was subjected to a solvent extraction twice with 50
ml of diethyl ether, whereby an organic layer was collected.
Next, the collected organic layer was washed with water
once, then washed with a saturated salt solution once, and
dried with magnesium sulfate. Next, the obtained filtrate by
filtration of the organic layer was concentrated under
vacuum, whereby 9.68 g of Compound F4 as a brown solid
were obtained (yield 99%)).

[0186] (4) The following regents and solvent were loaded
in a 300-ml reactor.

Bis(1,5-cyclooctadiene)nickel: 0.36 mg (1.31 mmol)
Tris(o-tolyl)phosphine: 0.796 g (2.62 mmol)
Sodium carbonate: 2.77 g (26.2 mmol)

Degassed dimethylformamide: 80 ml

[0187] Next, the inside of the reactor was made an argon
atmosphere, and the reaction solution was then stirred for 30
minutes. After that, the following reagents were further
added.

Compound F4: 7.59 g (26.2 mmol)
Phenyl acetylene (Compound F5): 534 g (52.3 mmol)

[0188] Next, the reaction solution was stirred for 3 hours
while heated at 100° C. Next, the reaction solution was
cooled and water was added thereto, and then the solution
was concentrated under vacuum. Next, the solution was
subjected to a solvent extraction three times with 100 ml of
a mixture solvent containing isopropyl ether and ethyl
acetate at 1:1, whereby an organic layer was collected. The
organic layer was washed with water and a saturated salt
water sequentially, and then dried with magnesium sulfate.
Next, the filtrate obtained by filtration of the organic layer
was concentrated under vacuum, whereby a black liquid
having viscosity was obtained. The liquid was subjected to
column chromatography (developing solvent: chloroform/
ethyl acetate=20/1), and then further subjected to column
chromatography  (developing  solvent:  hexane/ethyl
acetate=5/1) for purifying, whereby a brown solid was
obtained. Next, the brown solid was dissolved in a little
amount of ethyl acetate, and recrystallized by adding a
solution containing isopropyl ether and hexane at 1:1. Next,
the crystal obtained by recrystallization was dried, whereby
4.2 g of Compound F6 as a pale brown crystal were obtained
(yield 62%).

[0189] (5) The following regents and solvent were loaded
in a 100-ml three-necked flask.

Iridium (IIT) trihydrate: 0.658 g (3.74 mmol)
Compound Fé6: 2.00 g (16 mmol)
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Ethoxyethanol: 20 ml

Water: 6 ml

[0190] Next, the reaction solution was stirred for 30 min-
utes at room temperature in a stream of nitrogen. Next, the
reaction solution was stirred for 10 hours while heated at 80°
C. Next, the reaction solution was cooled to room tempera-
ture, and the deposited precipitate was filtered and washed
with water, followed by washing with ethanol. After the
washing, the precipitate was dried under reduced pressure at
room temperature, whereby 2.2 g of Compound F7 as a
yellowish brown powder were obtained (yield 80%).

[0191] (6) The following regents and solvents were loaded
in a 100-ml three-necked flask.

Ethoxyethanol: 45 ml

[0192] Compound F7: 2.2 g (1.48 mmol)
Acetylacetone: 0.89 g (8.9 mmol)
Sodium carbonate: 0.792 g (7.48 mmol)

[0193] Next, the reaction solution was stirred for 1 hour at
room temperature in a stream of nitrogen, and then stirred
for 8 hours while heated at 120° C. Next, a precipitate was
deposited by cooling the reaction solution with ice, and the
deposited precipitate was filtered, followed by washing with
water. Next, the precipitate was washed with ethanol, dis-
solved in chloroform, and an insoluble matter was filtered.
Next, the obtained filtrate was concentrated, and recrystal-
lized with a chloroform-methanol mixture solvent, whereby
0.42 g of Exemplified Compound B20 as a yellowish brown
powder was obtained (yield 35%).

[0194] In addition, the structure of the compound was
confirmed with an NMR measurement.

[0195] '"H-NMR (CDCL,, 400 MHz) o (ppm): 9.22 (s,
2H), 8.99 (s, 2H), 8.85 (d, 2H, J=7.6 Hz), 7.97 (d, 2H, J=8.0
Hz), 7.86 (m, 10H, -8.8 Hz), 6.88 (t, 2H, J=6.8 Hz), 6.65
(t, 2H, 1=6.4 Hz), 6.26 (d, 3H, I=7.6 Hz), 5.27 (s, 1H), 1.84
(s, 6H).

[0196] Further, an emission spectrum (PL spectrum) of
Exemplified Compound B20 in a 1x10™> mol/l toluene
solution was measured using F-4500 manufactured by
Hitachi, Ltd. Specifically, photoluminescence (PL) at an
excitation wavelength of 450 nm was measured. As a result,
a PL spectrum having a maximum peak intensity at 538 nm
as illustrated in FI1G. 4 was obtained.

[0197] On the other hand, a quantum efficiency of Exem-
plified Compound B20 was calculated from an absorbance
and a light emission area of the compound itself. The result
is shown in Table 5. Note that the absorbance was evaluated
from an absorbent spectrum in a 1x107> mol/l toluene
solution which was measured by using a ultraviolet and
visible spectrophotometer V-560 manufactured by JASCO
Corporation.
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<Example 2> (Synthesis of Exemplified Compound
Bl)
[0198]
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[0199] The following regents and solvent were loaded in
a 50-ml three-necked flask.

Glycerol: 10 ml

[0200] Exemplified Compound B20: 0.5 g (0.625 mmol)
Compound E06: 0.319 g (1.25 mmol)

[0201] Next, the reaction solution was stirred for 8 hours
in a stream of nitrogen while heated at 200° C. Next, 20 ml
of water were added to the reaction solution, followed by
further stirring. Then, the deposited precipitate was filtered,
and washed with ethanol. The precipitate was filtered with
dimethyl formamide upon heating, and thereafter, recrystal-
lized by cooling, whereby 0.301 g of Exemplified Com-
pound Bl as a yellowish brown powder was obtained (yield
50%).

[0202] In addition, the structure of the compound was
confirmed by an NMR measurement.

[0203] ‘H-NMR (CDCl,, 400 MHz) o (ppm): 9.08 (s,
3H), 8.81 (d, 31, J=8.4 Hz), 8.23 (s, 3H), 8.98 (d, 31, J=7.2
Hz), 7.85 (d, 3H, J=6.4 Hz), 7.73 (m, 9H, J=6.8 Hz), 7.57 (d.
3H, J=8.4 Hz), 7.28 (m, 3H, J=8.4 Hz), 6.99 (1, 3H, J=7.2
Hz), 6.88 (d, 3H, I=7.2 Hz).

[0204] Further, a PL spectrum of Exemplified Compound
B1 was measured in a 1x10~> mol/l toluene solution in the
same manner as in Example 1 (excitation wavelength: 450
nm). As a result, the PL spectrum having a maximum peak
wavelength at 536 nm as illustrated in FIG. 5 was obtained.
On the other hand, the quantum efficiency of Exemplified
Compound Bl was calculated in the same manner as in
Example 1. Results are shown in Table 5.
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Comparative Example 1

[0205] Organic Metal Complex K1 shown below was
synthesized and the PL spectrum was measured in the same
manner as in Example 1. In addition, the quantum efficiency
was calculated in the same manner as in Example 1. Results
were shown in Table 5.

K1

TABLE 5
Maximum peak
wavelength Quantum
(mm) efficiency
Example 1 Exemplified 538 1.3Remark)
Compound B20
Example 2 Exemplified 536 1.3Remark)
Compound Bl
Comparative K1 514 1.gRemari)
Example 1

(Rema®yhe quantum efficiency is a relative quantum cfficiency when the quantum efficiency
of K1 is defined as 1.0.
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[0206]
metal complexes in Examples 1 and 2 and Organic Metal

From Table 5, when the PL spectra of the organic

Complex K1 were compared, the organic metal complexes
in Examples 1 and 2 each had a maximum peak wavelength
at a longer wavelength side than that of Organic Metal
Complex K1, and difference of the maximum peak wave-
length between the complexes in Examples 1 and 2 and
Organic Metal Complex K1 was small. This is because an
aromatic ring was fused non-linearly with respect to a basic
skeleton containing nitrogen which forms a coordinate bond
with an iridium atom and lengthening of the emission
wavelength could be prevented. In addition, from FIG. 5, it
was indicated that the quantum efficiency of the organic
metal complexes of Examples 1 and 2 was higher than that
of Organic Metal Complex K1. The reason may be as
follows. The aromatic ring was fused to the basic skeleton
containing nitrogen which forms a coordinate bond with an
iridium atom in a direction away from the iridium atom,
whereby the oscillator strength of molecules themselves was
improved. As a result, the quantum efficiency was improved.

<Example 3> (Synthesis of Exemplified Compound
A30)

[0207]

ICL—3IL,0
—

F9
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[0208] 1.5 g (2 mmol) of Exemplified Compound A30

were obtained by a reaction according to the method in
Example 1 except that Compound F6 was changed to
Compound F8 (3 g, 0.012 mol) in the section (5) of Example
1.

[0209] In addition, the structure of Compound A30 was
confirmed by an NMR measurement.

[0210] 'H-NMR (CDCl,, 400 MHz) & (ppm): 8.86 (d, 21,
J=9.2 Hz), 8.72 (m, 4H, J=6.8 Hz), 8.30 (d, 2H, ]=6.4 Hz),
8.18 (d, 2H, I=8.0 Hz), 7.98 (m, 4H, ]=9.6 Hz), 7.76 (m, 4H,
J=4.0 Hz), 6.91 (1, 2H, 1=7.2 Hz), 6.66 (t, 2H, 1=7.6 Hz),
6.13 (d, 2H, J=6.4 Hz), 5.23 (s, 1H), 1.78 (s, 6H).

[0211] Further, a PL spectrum of Exemplified Compound
A30 was measured in a 1x10™> mol/l toluene solution in the
same manner as in Example 1 (excitation wavelength: 510
nm). As a result, the PL spectrum having a maximum peak
wavelength at 601 nm as illustrated in FIG. 6 was obtained.
On the other hand, the quantum efficiency of Exemplified
Compound A30 was calculated in the same manner as in
Example 1. Results are shown in Table 6.

<Example 4> (Synthesis of Exemplified Compound

Al)
[0212]
—0
\Ir<
AN
- A30 -

\N/
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[0213] 0.2 g (0.2 mol) of Exemplified Compound Al was

obtained by a reaction according to the method in Example
2 except that Exemplified Compound A30 (0.8 g, 1 mmol)
instead of Exemplified Compound B20 and Compound F8
(0.63 g, 2.5 mol) instead of Compound F6 were used.

[0214] In addition, the structure of Compound Al was
confirmed by an NMR measurement.

[0215] 'H-NMR (CDCl,, 400 MHz) o (ppm): 8.85 (d, 3H,
J=8.0 Hz), 8.48 (d, 3, 1=8.0 Hz), 8.18 (d, 3H, J=7.6 Hz),
7.92 (m, 9H, I=6.4 Hz), 7.68 (m, 6H, 1=6.8 Hz), 7.53 (d, 3H,
J=6.4 Hz), 7.07 (d, 3H, J=7.2 Hz), 7.01 (1, 3H, I=7.2 Hz),
6.91 (t, 3H, 1=7.2 Hz).

[0216] Further, a PL spectrum of Exemplified Compound
B1 was measured in a 1x10~° mol/l toluene solution in the
same manner as in Example 1 (excitation wavelength: 510
nm). As a result, the PL spectrum having a maximum peak
wavelength at 592 nm as illustrated in FIG. 7 was obtained.
On the other hand, the quantum efficiency of Exemplified
Compound Al was calculated in the same manner as in
Example 3. Results are shown in Table 6.

Comparative Example 2

[0217] Organic Metal Complex K2 shown below was
synthesized, whereby a PL spectrum was measured in the
same manner as in Example 1. In addition, a quantum
efficiency was calculated in the same manner as in Example
3. Results were shown in Table 6.
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K2

TABLE 6
Maximum peak
wavelength Quantum
(mm) efficiency
Example 3 Exemplified 601 1.6Remark)
Compound A30
Example 4 Exemplified 592 1.6Remars)
Compound Al
Comparative K2 619 1.0Remark)
Example 1

(Rema®)he quantum efficiency is a relative quantum cfficiency when the quantum cfficiency
of K2 is defined as 1.0.

[0218] From Table 6, when the PL spectra of the organic
metal complexes in Examples 3 and 4 and Organic Metal
Complex K2 were compared, the organic metal complexes
in Examples 3 and 4 each had a maximum peak wavelength
at a shorter wavelength side than that of Organic Metal
Complex K2. This is because an aromatic ring was fused
non-linearly with respect to a basic skeleton containing
nitrogen which forms a coordinate bond with an iridium
atom and lengthening of the emitting light wavelength could
be prevented. In addition, from Table 6, it was indicated that
the quantum efficiency of the organic metal complexes of
Examples 3 and 4 was higher than that of Organic Metal
Complex K2. The reason may be as follows. The aromatic
ring was fused to a basic skeleton containing nitrogen which
forms a coordinate bond with an iridium atom in a direction
away from the iridium atom, whereby the oscillator strength
of molecules themselves was improved. As a result, the
quantum efficiency was improved.

Example 5

[0219] An organic light emitting device in which an
anode, a hole transport layer, an emission layer, an electron
transport layer, and a cathode were provided on a substrate
sequentially was produced.

[0220] First, an ITO was patterned on a glass substrate to
form an anode. At this time, a film thickness of the anode
was set to 100 nm, and an electrode area was set to 3 mm®.
[0221] Next, in a vacuum chamber at 107> Pa, the follow-
ing organic compound layer and electrode layer were con-
tinuously formed into a film on the anode by vacuum
deposition with resistance heating. Specifically, H-1 shown
below was deposited to form a hole transport layer. At this
time, a film thickness of the hole transport layer was set to
20 nm. Next, H-2 shown below as a host and Exemplified
Compound Al as a guest were co-deposited so that an
amount of the guest became 5 wt % with respect to the host,
whereby an emission layer was formed. In this time, a film
thickness of the emission layer was set to 30 nm. Then, H-3
below was deposited to form an electron transport layer. In
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this time, a film thickness of the electron transport layer was
set to 30 nm. Next, KF was deposited to form a first metal
electrode layer. In this time, a film thickness of the first metal
electrode layer was set to 1 nm. Next, Al was deposited,
whereby a second metal electrode was formed. In this time,
a film thickness of the second metal electrode layer was set
to 100 nm. Note that the first metal electrode layer and the
second metal electrode layer each function as a cathode. As
described above, the organic light emitting device was
obtained.

H-1

H-2
H-3

[0222] A current-voltage characteristic of the obtained
device was measured using a minute current ammeter 4140B
manufactured by Hewlett-Packard Development Company,
L.P. In addition, emission charactetistics of the obtained
device were measured with BM7 manufactured by TOP-
CON CORPORATION. Note that when respective charac-
teristics were measured, an emission luminance was set to
1,000 cd/m>. Measured results are shown in Table 7.

Example 6

[0223] An organic light emitting device was formed in the
same manner as in Example 5 except that an emission layer
was formed by co-deposition so that an amount of a guest
was 15 wt % with respect to a host. In addition, emission
characteristics of the obtained device were measured in the
same manner as in Example 5. Results are shown in Table
7.

Example 7

[0224] An organic light emitting device was formed in the
same manner as in Example 5 except that Exemplified



US 2019/0348618 A1l

Compound Al as a guest was changed to Exemplified
Compound BI. In addition, emission characteristics of the
obtained device were measured in the same manner as in
Example 5. Results are shown in Table 7.

TABLE 7
Emission Light emitting
wavelength efficiency Voltage
(um) (cd/A) ™)
Example 5 595 25 35
Example 6 610 17 34
Example 7 535 50 4.0

What is claimed is:

1. An organic metal complex having a structure repre-
sented by the following general formula (1):

ML, L, 1
where:

M represents a metal atom selected from Ir, Pt, Rh, Os,
and Zn;

L and L', which are different from each other, each
represent a bidentate ligand,

m represents an integer of 1 to 3 and n represents an
integer of 0 to 2, provided that m+n is 3;

a partial structure ML, represents a structure represented
by the following general formula (2):

where:

A represents a structure represented by any one of the
following general formulae (4) to (7), which has, as a
basic skeleton, one of benzo[f]quinoline, benzo[h]qui-
noline, benzol[f]isoquinoline, and benzo[h]isoquino-
line:
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-continued
®)

(©)

Rys

Rs, Z N
26
Ry
R3) O
R Rog

0

where:

R, to Ry, which may be identical to or different from each
other, each represent a hydrogen atom, a halogen atom,
a substituted or unsubstituted alkyl group, an alkoxy
group, an aralkyl group, a substituted amino group, a
substituted or unsubstituted aryl group, or a substituted
or unsubstituted heterocyclic group, and adjacent sub-
stituents among R, to R,, may be bonded to form a
ring; and

B represents a benzene ring which may have a substituent,
a fused ring which may have a substituent, a vinyl

group which may have a substituent, or a heterocycle
which may have a substituent; and

a partial structure ML', represents a structure including a
monovalent bidentate ligand.

2. The organic metal complex according to claim 1,
wherein:

M represents Ir;

the partial structure ML,, has a structure represented by
the following general formula (9); and
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the partial structure ML', has a structure represented by
any one of the following general formulae (10) to (12):

®

where Ry, to Rg,. which may be identical to or different
from each other, each represent a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl
group, an alkoxy group, an aralkyl group, an amino
group, a substituted or unsubstituted aryl group, or a
substituted or unsubstituted heterocyclic group, and
adjacent substituents among R.; to R, may be bonded
to form a ring,

(10

_ R _
Res Re;
Res
/
II\
Reo
\ N \
/
Ry Rso
L Ry _,
~ B an
/O
| ©
\ R
73
\ X\
| P
Ry Ry
L Rys ,
(12)
Ry7
O—
Ir / Ry
(6}

B
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where R¢s to R, which may be identical to or different
from each other, each represent a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl
group, an alkoxy group, an aralkyl group, a substituted
amino group, a substituted or unsubstituted aryl group,
or a substituted or unsubstituted heterocyclic group,
and adjacent substituents among R s to R,,, among R,
to R4, or among R, to R, may be bonded to form a
ring.

3. The organic metal complex according to claim 2,
wherein the benzene ring with Ry;-Rs, attached thereto in
the formula (9) is further represented by any one of the
following formulae:

Rego
Rog Rgg
“
Roy .
Ryl Rioo
Rip Q
Ryg
T

wherein *1 shows the connection to the Ir;

wherein *2 shows the connection to the benzo[f]isoqui-
noline ring represented in the formula (9), and

wherein Rgg to R 5,, which may be identical to or differ-
ent from each other, each represent a hydrogen atom, a
halogen atom, a substituted or unsubstituted alkyl
group, a substituted or unsubstituted alkoxy group, a
substituted or unsubstituted aryloxy group, a substi-
tuted or unsubstituted aralkyl group, an amino group, a
substituted or unsubstituted aryl group, or a substituted
or unsubstituted heterocyclic group.

4. The organic metal complex according to claim 2,
wherein R, and R,; may be bonded to form a benzene ring
that is fused with the benzol[f]lisoquinoline ring represented
in the formula (9).

5. The organic metal complex according to claim 2,
wherein adjacent substituents among Rys to Ry may be
bonded to form a ring that is fused with the benzene ring
represented in the formula (10).

6. The organic metal complex according to claim 2,
adjacent substituents among R, to R, may be bonded to
form a ring that is fused with the backbone represented in the
formula (12).
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7. An organic light emitting device, comprising:

an anode;

a cathode; and

a layer formed of an organic compound, which is sand-

wiched between the anode and the cathode,

wherein the layer formed of an organic compound com-

prises the organic metal complex according to claim 1.

8. The organic light emitting device according to claim 7,
wherein the organic metal complex is incorporated in an
emission layer.

9. The organic light emitting device according to claim 7,
wherein the emission layer comprises a host material and
another material which is different from the host material,
and the another material is the organic metal complex.

10. The organic light emitting device according to claim
9, wherein the another material is a guest material.

11. The organic light emitting device according to claim
10, wherein the weight ratio of the guest material is 0.01 to
20 wt % with respect to the host.

Nov. 14,2019
46

12. The organic light emitting device according to claim
7, wherein the organic light emitting device emits a red light.

13. An apparatus comprising the organic light emitting
device according to claim 7; and a substrate.

14. The apparatus according to claim 13, wherein the
organic light emitting device being provided on the sub-
strate,

wherein the apparatus has a bottom emission structure in

which the light which the organic light emitting device
emits is extracted from the substrate side.

15. The apparatus according to claim 13, wherein the
organic light emitting device being provided on the sub-
strate,

wherein the apparatus has a top emission structure in

which the light which the organic light emitting device
emits is extracted from a side opposite to the substrate.

16. A luminescent ink comprising a solvent and the
organic metal complex according to claim 1.

* ok %k
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