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(57) ABSTRACT

It is an object of the present invention to provide a red phos-
phorescent compound having a high emission quantum yield,
which is used for producing organic EL elements. The red
phosphorescent compound of the present invention is an iri-
dium complex compound represented by the following for-
mula (1). In the formula (1), L, is selected from the following
formulas (2) and (3).
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IRIDIUM COMPLEX COMPOUND, ORGANIC
ELECTROLUMINESCENT ELEMENT, AND
USES THEREOF

TECHNICAL FIELD

[0001] The present invention relates to an iridiumcomplex
compound, an organic electroluminescent element and uses
thereof.

BACKGROUND ART

[0002] Phosphorescent compounds have high luminous
efficiency, and therefore, studies and development of them as
luminescent materials in organic electroluminescent ele-
ments (also referred to as “organic EL elements” in this
specification) have been energetically carried out in recent
years.

[0003] Organic EL elements using phosphorescent com-
pounds have been expected to be extensively applied to vari-
ous uses, and in JP-A-2003-526876 (patent literature 1), it is
disclosed that use of an organoiridium complex as a phospho-
rescent compound can greatly enhance luminous efficiency of
an organic EL element. As examples of the iridium complex
compounds, tris (2-(2-pyridyl)phenyl) iridium and its deriva-
tives are given, and it is described that by changing a substitu-
ent of aligand of an aromatic structure to an alkyl group or an
aryl group, the color of emitted light of the iridium complex
compound varies. In JP-A-2001-247859 (patent literature 2),
various groups are given as examples of substituents of tris
(2-(2-pyridyl)phenyl)iridium.

[0004] In non patent literatures 1, 2 and 3, red phosphores-
cent materials having organic electroluminescence properties
have been reported. These pigments, however, have low emis-
sion quantum yields, and organic EL elements produced by
using these pigments have a problem of low luminous effi-
ciency.

CITATION LIST
Patent Literature

[0005] Patent literature 1: JP-A-2003-526876 Patent litera-
ture 2: JP-A-2001-247859

Non Patent Literature

[0006] Non patent literature 1: J. Am. Chem. Soc., 2003,
125,12971-12979

[0007] Non patent literature 2: Dalton Trans., 2005, 1538-
1590

[0008] Non patent literature 3: Inorg. Chem., 2005, 44,
5677-5685

SUMMARY OF INVENTION
Technical Problem

[0009] Thepresentinvention has been made in view of such
problems, and it is an object of the present invention to pro-
vide a red phosphorescent compound which has a high emis-
sion quantum yield and exhibits high luminous efficiency
when it is used for producing an organic EL element.

[0010] It is known that there is a high correlation between
the emission quantum yield of a luminescent compound and
the luminous efficiency of an organic EL element produced
using the compound. Therefore, by developing a red phos-
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phorescent compound having a high emission quantum yield,
a red organic EL element having high luminous efficiency is
obtained.

[0011] In order to solve the above problem, the present
inventors have earnestly studied, and as a result, they have
found that iridium complexes, which are hetero type iridium
complexes constituted of different ligands and use a combi-
nation of a first ligand that is a ligand used for red phospho-
rescent compounds such as phenylquinoline and phenyliso-
quinoline and a second ligand that is a phenylpyridyl ligand
wherein an electron attractive substituent has been introduced
into a phenyl group, have high emission quantum yields, and
organic EL elements containing them in their luminescent
layers have high emission efficiency.

[0012] The reason is that a ligand having a high transition
dipole moment tends to increase an emission quantum yield
of an iridium complex, so that by the use of a ligand wherein
an electron attractive substituent has been introduced, the
emission quantum yield is increased, and by combining a
ligand exhibiting red luminescence with it, a red phosphores-
cent material having a high emission quantum yield is
obtained.

[0013] InJP-A-2006-513278, etc., red luminescent iridium
complexes using a combination of plural ligands have been
synthesized so far, but their emission quantum yields are
insufficient.

[0014] It is an object of the present invention is to show
molecular design of a red phosphorescent compound which
has a higher emission quantum yield and exhibits higher
luminous efficiency in the production of an organic EL ele-
ment as compared with conventional red phosphorescent
materials and to provide an iridium complex compound.

Solution to Problem

[0015] In order to solve the above problem, the present
inventors have earnestly studied. As a result, they have found
that red phosphorescent compounds having a specific struc-
ture exhibit high emission quantum yields and organic EL
elements containing them in their luminescent layers have
high luminous efficiency. Thus, the present inventors have
accomplished the present invention.

[0016] That is to say, the present invention is summarized
as below.

[1] An iridium complex compound represented by the follow-
ing formula (1):

)

[0017] whereinR, toR, are each independently a hydrogen
atom, a fluorine atom, a cyano group, an alkyl group of 1 to 10
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carbon atoms, or an alkyl group of 1 to 10 carbon atoms in
which at least one hydrogen atom has been replaced with a
fluorine atom, at least one of them is any one of a fluorine
atom, a cyano group and an alkyl group of 1 to 10 carbon
atoms in which at least one hydrogen atom has been replaced
witha fluorine atom, R to Rg are each independently a hydro-
gen atom, an alkyl group of 1 to 30 carbon atoms, an aryl
group of 6 to 40 carbon atoms, an aralkyl group of 7 to 40
carbon atoms, an amino group which may be substituted with
an alkyl group of 1 to 30 carbon atoms, an alkoxy group of 1
to 30 carbon atoms, or a silyl group which maybe substituted
with an alkyl group of 1 to 30 carbon atoms, adjacent R
groups of R, to Ry do not undergo mutual bonding for form-
ing aring, L, is selected from the following formulas (2) and
(3),mislor2,nis 1or2, and m+nis 3,

@
3
Ry
Ryo Ra)
Ras
/
N
P Ros
Ros
Ry Ros
Ras

[0018] wherein R, to R, are each independently a hydro-
gen atom, a cyano group, a nitro group, a halogen atom, an
alkyl group of 1 to 30 carbon atoms which may have a sub-
stituent, an alkylamino group of 1 to 30 carbon atoms which
may have a substituent, an arylamino group of 6 to 30 carbon
atoms which may have a substituent, an alkoxy group of 1 to
30 carbon atoms which may have a substituent, a halogenated
alkoxy group of 1 to 30 carbon atoms which may have a
substituent, an aromatic oxy group of 6 to 30 carbon atoms
which may have a substituent, an aryl group of 6 to 40 carbon
atoms which may have a substituent, a heterocyclic group of
3 to 30 carbon atoms which may have a substituent, a halo-
genated alkyl group of 1 to 32 carbon atoms which may have
a substituent, an alkenyl group of 2 to 30 carbon atoms which
may have a substituent, an alkynyl group of 2 to 30 carbon
atoms which may have a substituent, a cycloalkyl group of 3
to 30 carbon atoms which may have a substituent, an electron
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attractive substituent (aldehyde group, acyl group of 2 to 10
carbon atoms, alkoxycarbonyl group of 2 to 10 carbon atoms,
aminocarbonyl group of 1 to 10 carbon atoms, thiocyanate
group or sulfonyl group of 1 to 10 carbon atoms), an aralkyl
group of 7 to 40 carbon atoms, a silyl group which may be
substituted with an alkyl group of 1 to 30 carbon atoms, or a
group wherein at least one hydrogen atom in these groups has
been replaced with a fluorine atom, at least one of R, and R,
is an aryl group which may have a substituent, and adjacent R
groups of R, to R,, may be bonded to each other to form a
ring.

[2] The iridium complex compound as stated in [1], wherein
atleast two of substituents indicated by R, to R, in the iridium
complex compound represented by the formula (1) are each
independently selected from a fluorine atom, a cyano group
and an alkyl group of 1 to 10 carbon atoms in which at least
one hydrogen atom has been replaced with a fluorine atom.
[3] The iridium complex compound as stated in [1] or [2],
which has a maximum emission wavelength in the range of
580 to 640 nm.

[4] A composition comprising the iridium complex com-
pound as stated in any one of [ 1] to [3] and a blue luminescent
compound having a maximum emission wavelength in the
wavelength range of 450 to 490 nm.

[5] The composition as stated in [4], wherein the blue lumi-
nescent compound is an iridium complex compound repre-
sented by the following formula (4), and the iridium complex
compound represented by the following formula (4) is con-
tained in an amount of 1 to 100 parts by weight based on 1 part
by weight of the iridium complex compound as stated in any
one of [1] to [3],

- _ @)
Rag
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R / /Ir
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[0019] wherein R, to R,5 are each independently a hydro-
gen atom, an alkyl group of 1 to 30 carbon atoms, an aryl
group of 6 to 40 carbon atoms, an aralkyl group of 7 to 40
carbon atoms, an amino group which may be substituted with
an alkyl group of 1 to 30 carbon atoms, an alkoxy group of 1
to 30 carbon atoms, a silyl group which may be substituted
with an alkyl group of 1 to 30 carbon atoms, a halogen atom
or a cyano group, at least one of R, to Ry is a group of two
or more carbon atoms, R4 to R;; are each independently an
electron attractive substituent selected from a halogen atom,
an alkyl group of 1 to 10 carbon atoms in which at least one
hydrogen atom has been replaced with a fluorine atom, an
alkoxy group of 1 to 10 carbon atoms in which at least one
hydrogen atom has been replaced with a fluorine atom, a
cyano group, an aldehyde group, an acyl group of 2 to 10
carbon atoms, an alkoxycarbonyl group of 2 to 10 carbon
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atoms, an aminocarbonyl group of 1 to 10 carbon atoms, a
thiocyanate group and a sulfonyl group of 1 to 10 carbon
atoms, an organic group of 1 to 10 carbon atoms which may
have a hetero atom (other than the above-mentioned electron
attractive substituent) or a hydrogen atom, and at least one of
R,5toR;, is the above-mentioned electron attractive substitu-
ent.

[6] An organic electroluminescent element having a pair of
electrodes and one or plural organic layers including a lumi-
nescent layer, wherein the luminescent layer contains the
iridium complex compound as stated in any one of [1] to [3]
or the composition as stated in [4] or [5].

[7] The organic electroluminescent element as stated in [6],
wherein the luminescent layer further contains a charge trans-
port non-conjugated polymer.

[8] An image display device using the organic electrolumi-
nescent element as stated in [6] or [7].

[9] A surface-emitting light source using the organic elec-
troluminescent element as stated in [6] or [7].

Advantageous Effects of Invention

[0020] The iridium complex compound of the present
invention has a high emission quantum yield, and the organic
EL element produced by the use of this compound has high
luminance and high efficiency.

BRIEF DESCRIPTION OF DRAWING

[0021] FIG. 1 is a sectional view of an example of the
organic EL element of the present invention.

DESCRIPTION OF EMBODIMENTS

[0022] Next, the present invention is described in detail.

Iridium Complex Compound

[0023] The iridium complex compound of the present
invention is represented by the following formula (1).

Lj

[0024] Inthe formula (1), R, to R, are each independently
a hydrogen atom, a fluorine atom, a cyano group, an alkyl
group of 1 to 10 carbon atoms, or an alkyl group of 1 to 10
carbon atoms in which at least one hydrogen atom has been
replaced with a fluorine atom, at least one of them is any one
of a fluorine atom, a cyano group and an alkyl group of 1 to 10
carbon atoms in which at least one hydrogen atom has been
replaced with a fluorine atom, R to Ry are each indepen-
dently a hydrogen atom, an alkyl group of 1 to 30 carbon
atoms, an aryl group of 6 to 40 carbon atoms, an aralkyl group
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of 7 to 40 carbon atoms, an amino group which maybe sub-
stituted with an alkyl group of 1 to 30 carbon atoms, an alkoxy
group of 1 to 30 carbon atoms, or a silyl group which maybe
substituted with an alkyl group of 1 to 30 carbon atoms,
adjacent R groups of R, to Ry do not undergo mutual bonding
for forming aring, L, is selected from the following formulas
(2)and (3), mis 1 or2,nis 1 or 2, and m+n is 3,

@
3
Rao
Ryo Ry
R
/
N
P Ros
Rog
Ry; Ros
Ras

[0025] wherein R, to R, are each independently a hydro-
gen atom, a cyano group, a hitro group, a halogen atom, an
alkyl group of 1 to 30 carbon atoms which may have a sub-
stituent, an alkylamino group of 1 to 30 carbon atoms which
may have a substituent, an arylamino group of 6 to 30 carbon
atoms which may have a substituent, an alkoxy group of 1 to
30 carbon atoms which may have a substituent, a halogenated
alkoxy group of 1 to 30 carbon atoms which may have a
substituent, an aromatic oxy group of 6 to 30 carbon atoms
which may have a substituent, an aryl group of 6 to 40 carbon
atoms which may have a substituent, a heterocyclic group of
3 to 30 carbon atoms which may have a substituent, a halo-
genated alkyl group of 1 to 32 carbon atoms which may have
a substituent, an alkenyl group of 2 to 30 carbon atoms which
may have a substituent, an alkynyl group of 2 to 30 carbon
atoms which may have a substituent, a cycloalkyl group of 3
to 30 carbon atoms which may have a substituent, an electron
attractive substituent (aldehyde group, acyl group of 2 to 10
carbon atoms, alkoxycarbonyl group of 2 to 10 carbon atoms,
aminocarbonyl group of 1 to 10 carbon atoms, thiocyanate
group or sulfonyl group of 1 to 10 carbon atoms), an aralkyl
group of 7 to 40 carbon atoms, a silyl group which may be
substituted with an alkyl group of 1 to 30 carbon atoms, or a
group wherein at least one hydrogen atom in these groups has
been replaced with a fluorine atom, at least one of R, and R,
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is an aryl group which may have a substituent, and adjacent R
groups of R, to R,, may be bonded to each other to form a
ring.

[0026] As described above, adjacent R groups of R, to Ry
do notundergo mutual bonding for forming a ring. The reason
is that iridium complex compounds wherein u-conjugation
has been extended as a result of the formation of a ring are
known to have low emission quantum yields. At least one of
R,,and R, is an aryl group which may have a substituent, as
described above. The reason is that when at least one of R,
and R,, is an aryl group which may have a substituent, the
emission quantum yield becomes higher as compared with
the case where none of them are aryl groups which may have
a substituent.

[0027] In order to increase a transition dipole moment of a
ligand, at least one of R, to R, in the above formula (1) is an
electron attractive substituent. The electron attractive sub-
stituent is a fluorine atom, a cyano group, or an alkyl group of
1 to 10 carbon atoms in which at least one hydrogen atom has
been replaced with a fluorine atom, and is preferably a fluo-
rine atom, a cyano group or a trifluoromethyl group. It is
preferable that at least two of substituents indicated by R, to
R, in the iridium complex compoundrepresentedbythe for-
mula (1) are each independently selected from a fluorine
atom, a cyano group and an alkyl group of 1 to 10 carbon
atoms in which at least one hydrogen atom has been replaced
with a fluorine atom.

[0028] More specifically, it is preferable that R, and R, are
both fluorine atoms, and it is also preferable that R, is a
trifluvoromethyl group.

[0029] In order to increase a transition dipole moment of a
ligand, R, to R, are each desirably an electron-donating sub-
stituent or an electron-inactive group. More specifically, they
are each a hydrogen atom, an alkyl group of 1 to 30 carbon
atoms, an aryl group of 6 to 40 carbon atoms, an aralkyl group
of 7 to 40 carbon atoms, an amino group which may be
substituted with an alkyl group of 1 to 30 carbon atoms, an
alkoxy group of 1 to 30 carbon atoms, or a silyl group which
may be substituted with an alkyl group of 1 to 30 carbon
atoms.

[0030] Examples of the alkyl groups of 1 to 30 carbon
atoms include methyl group, ethyl group, n-propyl group,
isopropyl group, n-butylgroup, 2-butylgroup, sec-ortert-bu-
tylgroup, 1-pentyl group, 2-pentyl group, 3-pentyl group,
3-methylbutyl group, 1,1-dimethylpropyl group, n-hexyl
group, 2-hexyl group, 3-hexyl group, 4-methylpentyl group,
2-ethylbutyl group, n-heptyl group, 2-heptyl group, 3-heptyl
group, 4-heptyl group, n-octyl group, 2-octyl group, 3-octyl
group, 4-octyl group, n-ethylhexyl group, n-nonyl group,
2-nonyl group, 3-nonyl group, 4-nonyl group, 5-nonyl group
and n-decyl group.

[0031] Examples of the aryl groups of 6 to 40 carbon atoms
include phenyl group, biphenyl group, terphenyl group,
quaterphenyl group, o-, m- or p-tolyl group, xylyl group, o-,
m- or p-cumenyl group, mesityl group, pentalenyl group,
indenyl group, naphthyl group, binaphthalenyl group, ter-
naphthalenyl group, quaternaphthalenyl group, azulenyl
group, heptalenyl group, biphenylenyl group, indacenyl
group, fluoranthenyl group, acenaphthylenyl group, acean-
thrylenyl group, phenalenyl group, fluorenyl group, anthryl
group, bianthracenyl group, teranthracenyl group, quateran-
thracenyl group, anthraquinolyl group, phenanthryl group,
triphenylenyl group, pyrenyl group, chrysenyl group, naph-
thacenyl group, preiadenyl group, picenyl group, perylenyl
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group, pentaphenyl group, pentacenyl group, tetraphenylenyl
group, hexaphenyl group, hexacenyl group, rubicenyl group,
colonenyl group, trinaphthylenyl group, heptaphenyl group,
heptacenyl group, pyranthrenyl group and ovalenyl group.
[0032] Examples of the aralkyl groups of 7 to 40 carbon
atoms include benzyl, phenethyl, naphthylmethyl and naph-
thylethyl.

[0033] Examples of the amino groups which may be sub-
stituted with an alkyl group of 1 to 30 carbon atoms include
methylamino group, ethylamino group, dimethylamino
group, diethylamino group, dipropylamino group, diisopro-
pylamino group, dibutylamino group, di(sec-butyl)amino
group, di(tert-butyl)amino group, dipentylamino group,
diisopentylamino group, dineopentylamino group, di(tert-
pentyl)amino group, dihexylamino group, diisohexylamino
group, diheptylamino group, dioctylamino group, dinony-
lamino group, didecylamino group, diundecylamino group,
didodecylamino group, ditridecyl group, ditetradecylamino
group, dipentadecylamino group, dihexadecylamino group,
diheptadecylamino group, dioctadecylamino group and
dinonadecylamino group.

[0034] Examples of the alkoxy groups of 1 to 30 carbon
atoms include methoxy group, ethoxy group, propoxy group,
isopropoxy group, n-butoxy group, sec-butoxy group, tert-
butoxy group, pentyloxy group, hexyloxy group, 2-ethyl-
hexyloxy group, octyloxy group, octadecyloxy group and
stearyloxy group.

[0035] Examples of the silyl groups which may be substi-
tuted with an alkyl group of 1 to 30 carbon atoms include
trimethylsilyl group, triethylsilyl group and tert-butyldimeth-
ylsilyl group.

[0036] R, toR,, are each independently a hydrogen atom,
a cyano group, a nitro group, a halogen atom, an alkyl group
of 1 to 30 carbon atoms which may have a substituent, a
halogenated alkyl group of 1 to 32 carbon atoms which may
have a substituent, an alkoxy group of 1 to 30 carbon atoms
which may have a substituent, a halogenated alkoxy group of
1 to 30 carbon atoms which may have a substituent, an aryl
group of 6 to 40 carbon atoms which may have a substituent,
a heterocyclic group of 3 to 30 carbon atoms which may have
a substituent, an aralkyl group of 7 to 40 carbon atoms, an
aromatic oxy group of 6 to 30 carbon atoms which may have
a substituent, a cycloalkyl group of 3 to 30 carbon atoms
which may have a substituent, an alkenyl group of 2 to 30
carbon atoms which may have a substituent, an alkynyl group
of'2 to 30 carbon atoms which may have a substituent, a silyl
group which may be substituted with an alkyl group of 1 to 30
carbon atoms, an alkylamino group of 1 to 30 carbon atoms
which may have a substituent, an arylamino group of 6 to 30
carbon atoms which may have a substituent, an acyl group of
2 to 10 carbon atoms, an alkoxycarbonyl group of 2 to 10
carbon atoms, an aminocarbonyl group of 1 to 10 carbon
atoms, an aldehyde group, a thiocyanate group or a sulfonyl
group of 1 to 10 carbon atoms. However, at least one of R,
and R, is an aryl group which may have a substituent. Adja-
cent R groups of R, to R,, may be bonded to each other to
form a ring.

[0037] As examples of the above substituents, the follow-
ing groups can be given in addition to the above-mentioned
examples.

[0038] Examples of the halogenated alkyl groups of 1 to 32
carbon atoms which may have a substituent include trifluo-
romethyl group and pentafluoroethyl group.



US 2012/0235132 Al

[0039] Examples of the halogenated alkoxy groups of 1 to
30 carbon atoms which may have a substituent include trif-
luoromethoxy group and pentafluoroethoxy group.

[0040] Examples of the heterocyclic groups of 3 to 30 car-
bon atoms which may have a substituent include pyridyl
group, pyrazinyl group, thienyl group, phenylthienyl group,
thiazolyl group, furyl group, pyranyl group, piperidyl group,
piperazyl group, pyrrolyl group, morpholino group, imida-
zolyl group, pyridazinyl group, oxazolyl group, indolyl
group, purinyl group, quinolyl group, isoquinolyl group,
pyrimidinyl group, acrydinyl group, coumarinyl group, car-
bazolyl group and benzothiazolyl group.

[0041] Examples of the aromatic oxy groups of 6 to 30
carbon atoms which may have a substituent include phenoxy
group, naphthyloxy group and anthryloxy group.

[0042] Examples of the cycloalkyl groups of 3 to 30 carbon
atoms which may have a substituent include cyclopropenyl
group, cyclopentenyl group and cyclohexenyl group.

[0043] Examples of the alkenyl groups of 2 to 30 carbon
atoms which may have a substituent include alkenylallyl
group, 1-propenyl group, isopropenyl group, 2-butenyl
group, 1,3-butadienyl group, 2-pentenyl group and 2-hexenyl
group.

[0044] Examples of the alkynyl groups of 2 to 30 carbon
atoms which may have a substituent include ethynyl group
and propynyl group.

[0045] Examples ofthe arylamino groups of 6 to 30 carbon
atoms which may have a substituent include phenylmethy-
lamino group, methylnaphthylamino group, diphenylamino
group and dinaphthylamino group.

[0046] Examples ofthe acyl groups of 2 to 10 carbon atoms
include acetyl group, propanoyl group, butanoyl group, ben-
zoyl group, naphthoyl group, pivaloyl group, cyclohexylcar-
bonyl group, toluoyl group, anisoyl group and cinnamoyl
group.

[0047] Examples of the alkoxycarbonyl groups of 2 to 10
carbon atoms include methoxycarbonyl group, ethoxycarbo-
nyl group, propyloxycarbonyl group, isopropyloxycarbonyl
group, cyclohexyloxycarbonyl group and benzyloxycarbonyl
group.

[0048] Examples of the aminocarbonyl groups of 1 to 10
carbon atoms include methylaminocarbonyl group and phe-
nylaminocarbonyl group.

[0049] Examples of the sulfonyl groups of 1 to 10 carbon
atoms include methanesulfonyl group, ethanesulfonyl group
and benzenesulfonyl group.

[0050] The iridium complex compound represented by the
formula (1) is preferably a compound wherein Ry is an alkyl
group of 2 to 30 carbon atoms. When R is an alkyl group of
2 to 30 carbon atoms, solubility of the iridium complex com-
pound tends to be excellent, so that such a compound is
preferable. The alkyl group of 2 to 30 carbon atoms is pref-
erably a hydrocarbon group having a branched structure, and
examples of such groups include isobutyl group, 2-methyl-
butyl group, 2-ethylhexyl group, isopropyl group, sec- or
tert-butyl group, 1-ethylpropyl group, 1-butylpentyl group,
1,1-dimethylethyl group, 1,1-dimethylpropyl group, 1,1-di-
ethylpropyl group, 1,1-dimethylbutyl group, 1,1-diethylbutyl
group, 1,1-dipropylbutyl group, 1,1-dimethylpentyl group,
1,1-diethylpentyl group, 1,1-dipropylpentyl group, 1,1-dibu-
tylpentyl group, 1,1-dimethylhexyl group, 1,1-diethylhexyl
group, 1,1-dipropylhexyl group, 1,1-dibutylhexyl group and
1,1-dipentylhexyl group. Of these, tert-butyl group, 1,1-dim-
ethylethyl group, 1,1-dimethylpropyl group, 1,1-dimethylbu-
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tyl group, 1,1-dimethylpentyl group and 1,1-dimethylhexyl
group are preferable, and tert-butyl group is particularly pref-
erable.

[0051] When the number of ligands having a large electric
dipole moment is larger, the effect to increase the emission
quantum yield becomes higher, so that it is preferable that m
is2andnis 1.

[0052] That is to say, the iridium complex compound rep-
resented by the formula (1) is preferably an iridium complex
compound represented by the following formula (1-L) or
(2-L).

(1-L)

2L

Z
.
\
.
.
5
+

[0053] Specific examples of the iridium complex com-
pounds of the present invention are given below. However, the
present invention is not limited to those examples.
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-continued -continued

Preparation Process for Iridium Complex Compound

[0054] Although the preparation process for the iridium
complex compound of the present invention is not specifi-
cally restricted, the iridium complex compound can be pre-
pared by, for example, the following process.
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R
Rs Ry
IrCl3+3H,0
Ry [ ——
2-ethoxyethanol
Rs H,0
/ N 2
x
R¢ Rg
R,

[0055] An example of the preparation process for the iri-
dium complex of the present invention is described below
referring to the above scheme.

[0056] First, iridium (III) chloride trihydrate and a phe-
nylpyridine derivative (1-1) are heated under reflux in a mixed
solvent of 2-ethoxyethanol and water (2-ethoxyethanole:wa-
ter=3:1 by volume) to react them, whereby a binuclear com-
plex (1-2) of an iridium complex is obtained.

[0057] R, to Ry in the formulas (1-1) and (1-2) have the
same meanings as those of R to Ry in the formula (1).
[0058] Next, the binuclear complex (1-2) and the ligand of
the formula (2) are heated under reflux in a solvent such as
toluene in the presence of a silver salt such as silver (I)
trifluoromethanesulfonate to react them, whereby the iridium
complex compound (1) of the present invention can be
obtained. If an inorganic base compound, such as sodium
carbonate or potassium carbonate, or an organic base, such as
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@
AgOTf
mesitylene

)

tributylamine or lutidine, is added, the iridium complex com-
pound (1) of the present invention that is a desired product
tends to be obtained in a high yield. When toluene is used as
the solvent, the iridium complex compound tends to be
obtained as a mixture of a facial isomer and a meridional
isomer. When heating under reflux is carried out using, as the
solvent, a solvent having a higher boiling point, such as mesi-
tylene, an iridium complex compound of a facial isomer tends
to be obtained highly selectively and in a high yield.

Composition

[0059] The composition of the present invention is charac-
terized by comprising the above-mentioned iridium complex
compound and a blue luminescent compound having a maxi-
mum emission wavelength in the wavelength range of 450 to
490 nm.
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[0060] Since the composition of the present invention com-
prises the iridium complex compound and a blue luminescent
compound having a maximum emission wavelength in the
wavelength range of 450 to 490 nm, it can be used as a
composition of white luminescence.

[0061] The blue luminescent compound is preferably an
iridium complex compound represented by the following for-
mula (4).

[0062] In the composition of the present invention, the iri-
dium complex compound represented by the following for-
mula (4) is preferably contained in an amount of 1 to 100 parts
by weight based on 1 part by weight of the above-mentioned
iridium complex compound.

Ry

Rs; e
Ir
/
Rs2
7 N/
P
R33 R35
R34

[0063] Inthe formula(4),R;,to R;5 areeachindependently
a hydrogen atom, an alkyl group of 1 to 30 carbon atoms, an
aryl group of 6 to 40 carbon atoms, an aralkyl group of 7 to 40
carbon atoms, an amino group which may be substituted with
an alkyl group of 1 to 30 carbon atoms, an alkoxy group of 1
to 30 carbon atoms, a silyl group which may be substituted
with an alkyl group of 1 to 30 carbon atoms, a halogen atom
or a cyano group, at least one of R4, to R;5 is a group of two
or more carbon atoms, R4 to R5, are each independently an
electron attractive substituent selected from a halogen atom,
an alkyl group of 1 to 10 carbon atoms in which at least one
hydrogen atom has been replaced with a fluorine atom, an
alkoxy group of 1 to 10 carbon atoms in which at least one
hydrogen atom has been replaced with a fluorine atom, a
cyano group, an aldehyde group, an acyl group of 2 to 10
carbon atoms, an alkoxycarbonyl group of 2 to 10 carbon
atoms, an aminocarbonyl group of 1 to 10 carbon atoms, a
thiocyanate group and a sulfonyl group of 1 to 10 carbon
atoms, an organic group of 1 to 10 carbon atoms which may
have a hetero atom (other than the above-mentioned electron
attractive substituent) or a hydrogen atom, and at least one of
R, toR5; is the above-mentioned electron attractive substitu-
ent.

[0064] As the substituents (aryl group of 6 to 40 carbon
atoms, aralkyl group of 7 to 40 carbon atoms, etc.) in the
formula (4), the substituents previously given as examples in
the aforesaid formula (1) can be used.

Organic EL Element

[0065] The organic EL element of the present invention is
an organic EL element having a substrate, a pair of electrodes
formed on the substrate and one or plural organic layers
including a luminescent layer which are provided between
the pair of electrodes, wherein the luminescent layer contains
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the iridium complex compound of the present invention or the
composition of the present invention.

[0066] The organic EL element is preferably the above-
mentioned organic EL element wherein the luminescent layer
further contains a charge transport non-conjugated polymer
compound.

[0067] An example of the structure of the organic EL ele-
ment of the present invention is shown in FIG. 1, but the
structure of the organic EL element of the present invention is
not limited thereto. In FIG. 1, between an anode 2 provided on
a transparent substrate (e.g., glass substrate) 1 and a cathode
4, a luminescent layer 3 is provided. In the organic EL ele-
ment, for example, an anode buffer layer may be provided
between the anode 2 and the luminescent layer 3, or an elec-
tron injection layer may be provided between the luminescent
layer 3 and the cathode 4.

[0068] When the luminescent layer 3 in the organic EL
element is an organic layer containing the iridium compound
of the present invention (or the composition of the present
invention) and an electron transport non-conjugated polymer
compound, this layer can be utilized as a luminescent layer
having both of hole transport properties and electron trans-
port properties. On this account, there is an advantage that
even if a layer composed of another organic material is not
formed, an organic EL element having high luminous effi-
ciency can be produced.

[0069] Although the process to produce the organic layer is
not specifically restricted, the organic layer can be produced
in, for example, the following manner. First, a solution in
which the iridium complex compound of the present inven-
tion (or the composition of the present invention) and the
charge transport non-conjugated polymer compound have
been dissolved is prepared. The solvent used for the prepara-
tion of the solution is not specifically restricted, but for
example, chlorine-based solvents, such as chloroform, meth-
ylene chloride and dichloroethane, ether-based solvents, such
as tetrahydrofuran and anisole, aromatic hydrocarbon-based
solvents, such as toluene and xylene, ketone-based solvents,
such as acetone and methyl ethyl ketone, and ester-based
solvents, such as ethyl acetate, butyl acetate and ethyl cello-
solve acetate, are used. Subsequently, the solution prepared as
above is applied onto the substrate using ink jet method, spin
coating method, dip coating method, printing method or the
like to form a film on the substrate.

[0070] The iridium complex compound of the present
invention has high solubility in a solvent for a coating solu-
tion, and therefore, when the coating solution in which the
compound has been dissolved is applied, a uniform film of the
compound can be formed on the substrate, so that the iridium
complex compound of the present invention is very advanta-
geous.

[0071] The concentration of the solution depends upon the
compound used, the film-forming conditions, etc., but in the
case of, for example, spin coating or dip coating, the concen-
tration is preferably in the range of 0.1 to 10% by weight.
Since the iridium complex compound of the present invention
has high solubility in solvents as described above, film for-
mation can be easily carried out to realize simplification of the
production process, and besides, increase in the area of the
element can be achieved.

[0072] Inthe luminescent layer of the organic EL element,
the iridium complex compound of the present invention can
be used singly or in combination of two or more kinds.
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[0073] The organic EL element using the iridium complex
compound of the present invention in the luminescent layer
has a long life and has high luminous efficiency.

Other Materials

[0074] For forming the above layers, a polymer material
maybe mixed as a binder. Examples of the polymer materials
include polymethyl methacrylate, polycarbonate, polyester,
polysulfone and polyphenylene oxide.

[0075] As the materials used for the above layers, materials
having different functions, such as a luminescent material, a
hole transport material and an electron transport material,
may be mixed to form the layers. Also in the organic layer
containing the iridium complex compound of the present
invention, another hole transport material and/or another
electron transport material may be further contained in order
to make up for charge transport properties. Such a transport
material may be a low-molecular compound or a high-mo-
lecular compound.

[0076] Examples of the hole transport materials for form-
ing the hole transport layer or the hole transport materials to
be contained in the luminescent layer include TPD (N,N'-
dimethyl-N,N'-(3-methylphenyl)-1,1'-biphenyl-4,4'-di-
amine); a.-NPD (4,4'-bis[N-(1-naphthyl)-N-phenylamino|bi-
phenyl); low-molecular triphenylamine derivatives, such as
m-MTDATA (4,4',4"-tris(3-methylphenylphenylamino)
triphenylamine); polyvinylcarbazole; polymer compounds
obtained by introducing a polymerizable substituent into the
above triphenylamine derivatives and polymerizing them;
and fluorescent polymer compounds, such as polyparaphe-
nylenevinylene and polydialkylfluorene. The above polymer
compounds are, for example, polymer compounds of a triph-
enylamine skeleton disclosed in JP-A-HO08-157575. The hole
transport materials may be used singly or as a mixture of two
or more kinds, or different hole transport materials may be
used by laminating them. Since the thickness of the hole
transport layer depends upon electroconductivity of the hole
transport layer, etc., it cannot be defined indiscriminately.
However, the thickness thereof is desired to be preferably in
the range of 1 nm to 5 pm, more preferably 5 nm to 1 pm,
particularly preferably 10 nm to 500 nm.

[0077] Examples of the electron transport materials for
forming the electron transport layer or the electron transport
materials to be contained in the luminescent layer include
low-molecular compounds, e.g., quinolinol derivative metal
complexes, such as Alq3 (aluminum trisquinolinolate), oxa-
diazole derivatives, triazole derivatives, imidazole deriva-
tives, triazine derivatives and triarylborane derivatives; and
high-molecular compounds obtained by introducing a poly-
merizable substituent into the above low-molecular com-
pounds and polymerizing them. An example of the high-
molecular compound is poly-PED disclosed in JP-A-H10-
1665. The electron transport materials may be used singly or
as a mixture of two or more kinds, or different electron trans-
port materials may be used by laminating them. Since the
thickness of the electron transport layer depends upon con-
ductivity of the electron transport layer, etc., it cannot be
defined indiscriminately. However, the thickness thereof is
desired to be preferably in the range of 1 nm to 5 um, more
preferably 5 nm to 1 um, particularly preferably 10 nm to 500
nm.

[0078] Inorder to inhibit passing of holes through the lumi-
nescent layer to efficiently recombine holes with electrons in
the luminescent layer, a hole block layer may be provided
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adjacently to the cathode side of the luminescent layer. For
forming the hole block layer, publicly known materials, such
as triazole derivatives, oxadiazole derivatives, phenanthro-
line derivatives, pyridine derivatives and phosphine oxide
derivatives, are used.

[0079] In order to ease injection barrier in the hole injec-
tion, a hole injection layer may be provided between the
anode and the luminescent layer. For forming the hole injec-
tion layer, publicly known materials, such as copper phthalo-
cyanine, a mixture of polyethylene dioxythiophene (PEDOT)
and polystyrenesulfonic acid (PSS), and fluorocarbon, are
used.

[0080] In order to enhance electron injection efficiency, an
insulating layer having a thickness of 0.1 to 10 nm may be
provided between the cathode and the electron transport layer
or between the cathode and an organic layer laminated adja-
cently to the cathode. For forming the insulating layer, pub-
licly known materials, such as lithium fluoride, magnesium
fluoride, magnesium oxide and alumina, are used.

[0081] As the anode materials, publicly known transparent
conductive materials, e.g., ITO (indium tin oxide), tin oxide,
zinc oxide and conductive polymers, such as polythiophene,
polypyrrole and polyaniline, are used. The surface resistance
of the electrode formed from such a transparent conductive
material is preferably in the range of 1 to 50 /(] (ohm/
square). The thickness of the anode is preferably in the range
of 50 to 300 nm.

[0082] As the cathode materials, publicly known cathode
materials, e.g., alkali metals, such as Li, Na, K and Cs; alka-
line earth metals, such as Mg, Ca and Ba; Al; MgAgalloy; and
alloys of Al and alkali metals or alkaline earth metals, such as
AlLi and AlCa, are used. The thickness of the cathode is
desired to be preferably in the range of 10 nm to 1 um, more
preferably 50 to 500 nm. When a metal of high activity, such
as an alkali metal or an alkaline earth metal, is used for the
cathode, the thickness of the cathode is desired to be prefer-
ably in the range of 0.1 to 100 nm, more preferably 0.5 to 50
nm. In this case, a metal layer that is stable to the atmosphere
is laminated on the cathode for the purpose of protecting the
cathode metal. Examples of metals for forming the metal
layer include Al, Ag, Au, Pt, Cu, Ni and Cr. The thickness of
the metal layer is desired to be preferably in the range of 10
nm to 1 pm, more preferably 50 to 500 nm.

[0083] As the substrate of the organic EL element of the
presentinvention, an insulating substrate that is transparent to
the emission wavelength of the luminescent material is used.
In addition to glass, transparent plastics, such as PET (poly-
ethylene terephthalate) and polycarbonate, etc. are used.
[0084] Examples of the film-forming methods for the hole
transport layer, the luminescent layer and the electron trans-
port layer employable herein include resistance heating depo-
sition method, electron beam deposition method, sputtering
method, ink jet method, spin coating method, printing
method, spraying method and dispenser method. In the case
of the low-molecular compounds, resistance heating deposi-
tion or electron beam deposition is preferably used, and in the
case of the high-molecular compounds, ink jet method, spin
coating method or printing method is preferably used.
[0085] Examples of the film-forming methods for the
anode materials employable herein include electron beam
deposition method, sputtering method, chemical reaction
method and coating method. Examples of the film-forming
methods for the cathode materials employable herein include
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resistance heating deposition method, electron beam deposi-
tion method, sputtering method and ion plating method.

Charge Transport Non-Conjugated Polymer Compound

[0086] The charge transport non-conjugated polymer com-
pound is preferably a polymer obtained by copolymerizing
monomers containing at least one polymerizable compound
selected from the group consisting of hole transport polymer-
izable compounds and electron transport polymerizable com-
pounds. In this specification, the hole transport polymerizable
compounds and the electron transport polymerizable com-
pounds are also referred to together as “charge transport
polymerizable compounds™.

[0087] That is to say, it is preferable that the charge trans-
port non-conjugated polymer compound is a polymer con-
taining structural units derived from one or more hole trans-
port polymerizable compounds or structural units derived
from one or more electron transport polymerizable com-
pounds. When such a polymer is used, mobility of charge in
the luminescent layer is high, and a uniform thin film can be
formed by coating. Therefore, high luminous efficiency is
obtained.

[0088] It is more preferable that the charge transport non-
conjugated polymer compound comprises a polymer contain-
ing structural units derived from one or more hole transport
polymerizable compounds and structural units derived from
one or more electron transport polymerizable compounds.
When such a polymer is used, holes and electrons are more
efficiently recombined in the vicinity of the phosphorescent
compound because the polymer has both a hole transport
function and an electron transport function. Therefore, higher
luminous efficiency is obtained.

[0089] The hole transport polymerizable compound and
the electron transport polymerizable compound are not spe-
cifically restricted as far as they have a substituent having a
polymerizable functional group, and publicly known charge
transport compounds are used.

[0090] The polymerizable functional group maybe any of
radical-polymerizable functional groups, cationic-polymer-
izable functional groups, anionic-polymerizable functional
groups, addition-polymerizable functional groups and con-
densation-polymerizable functional groups. Of these, a radi-
cal-polymerizable functional group is preferable because
production of a polymer is easy.

[0091] Examples of the polymerizable functional groups
include allyl group, alkenyl group, acrylate group, methacry-
late group, urethane (meth) acrylate group such as methacry-
loyloxyethyl carbamate group, vinylamide group and deriva-
tives of these groups. Of these, alkenyl group is preferable.
[0092] More specifically, when the polymerizable func-
tional group is an alkenyl group, the substituents having the
polymeriable functional group are more preferably substitu-
ents represented by the following formulas (A1) to (Al2). Of
these, the substituents represented by the following formulas
(A1), (AS), (A8) and (A12) are still more preferable because
the polymerizable functional group can be easily introduced
into the charge transport compound.
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[0093] Specifically, the hole transport polymerizable com-

pounds are preferably compounds represented by the follow-

ing formulas (E1) to (E9). When the iridium complex com-

pound (1) is contained in the luminescent layer, compounds E5
represented by the following formulas (E8) and (E9) are more ~

preferable, and a compound represented by the following

formula (E8) is most preferable, from the viewpoint of charge

mobility in the non-conjugated polymer compound contained

in the luminescent layer. When a composition containing the

iridium complex compound is contained in the luminescent
layer, compounds represented by the following formulas (E1)
and (E2) are more preferable, and a compound represented by N
the following formula (E2) is most preferable. Q/ O
>
d |

N
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[0094] Specifically, the electron transport polymerizable
compounds are preferably compounds represented by the
following formulas (E10) to (E24). When the iridium com-
plex compound (1) is contained in the luminescent layer,
compounds represented by the following formulas (E18) to
(E20) are more preferable, and a compoundrepresentedbythe
following formula (E20) is most preferable, from the view-
points of charge mobility in the non-conjugated polymer
compound and emission wavelength. When a composition
containing the iridium complex compound is contained in the
luminescent layer, compounds represented by the following
formulas (E15)to (E17) are more preferable, and acompound
represented by the following formula (E17) is most prefer-
able.
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[0095] Compounds wherein the substituent represented by
the formula (A1) or (A5) in the formulas (E1) to (E24) has
been replaced with the substituent represented by any one of
the formulas (A2) to (A12) are also preferably used, but a
compound having a substituent represented by the formula
(A1) or (AS) is particularly preferable because a functional
group can be easily introduced into the polymerizable com-
pound.

[0096] A compound obtained by copolymerizing a com-
pound represented by any one of the above formulas (E1) and
(E2) as the hole transport polymerizable compound and a
compound represented by any one of the above formulas
(E15) to (E17) as the electron transport polymerizable com-
pound among the above charge transport compounds is more
preferable. When such a non-conjugated polymer compound
is used, holes and electrons are more efficiently recombined
on the phosphorescent compound, and higher luminous effi-
ciency is obtained. Moreover, an organic layer of a homoge-
neous distribution can be formed from the non-conjugated
polymer compound and the phosphorescent compound, and
hence, an organic EL element having excellent durability is
obtained.

[0097] In the organic layer (luminescent layer) which con-
tains the iridium complex compound and the non-conjugated
polymer compound and is used in the organic EL element of
the present invention, the iridium complex compound is con-
tained in the dispersed state in a matrix formed from the
non-conjugated polymer compound. On this account, light
emission, utilization of which is usually difficult, that is, light
emission from a triplet excitation state of a phosphorescent
compound is obtained. Therefore, by the use of the above
organic layer, high luminous efficiency is obtained.

[0098] The charge transport non-conjugated polymer com-
pound may contain structural units derived from other poly-
merizable compounds within limits not detrimental to the
object of the present invention. Examples of such polymeriz-
able compounds include compounds having no charge trans-
port properties, e.g., (meth) acrylic acid alkyl esters, such as
methyl acrylate and methyl methacrylate, styrene and deriva-
tives thereof, without limiting thereto.

17
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[0099] The weight-average molecular weight of the charge
transport non-conjugated polymer compound is preferably in
the range of 1,000 to 2,000,000, more preferably 5,000 to
1,000,000. The molecular weight in this specification means
a molecular weight in terms of polystyrene as measured by
the use of GPC (gel permeation chromatography) method.
When the molecular weight is in this range, the polymer is
soluble in organic solvents, and a uniform thin film is
obtained, so that such a molecular weight is preferable.

[0100] The charge transport non-conjugated polymer com-
pound may be any of arandom copolymer, a block copolymer
and an alternating copolymer.

[0101] The polymerization process to prepare the charge
transport non-conjugated polymer compound may be any of
radical polymerization, cationic polymerization, anionic
polymerization and addition polymerization, but the radical
polymerization is preferable.

Uses

[0102] The organic EL element of the present invention is
favorably used for an image display device in a publicly
known manner as a pixel based on a matrix system or a
segment system. The organic EL element is favorably used
also as a surface-emitting light source without forming a
pixel.

[0103] More specifically, the organic EL element of the
present invention is favorably used for display devices of
computers, televisions, portable terminals, cellular phones,
car navigation, view finders of video cameras and the like,
back lights, electrophotographs, illumination light sources,
recording light sources, exposure light sources, read light
sources, markings, signboards, interior goods, optical com-
munication system, etc.

EXAMPLES

[0104] Next, the present invention is described in more
detail with reference to the following examples, but it should
be construed that the present invention is in no way limited to
those examples.
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[0105] The above iridium complex compounds (1-a) to
(3-1) were synthesized in accordance with the following syn-
thesis schemes.
F

Example 1

Synthesis of Iridium Complex Compound (1-a)
[0106]

O
Ve
N A
O —
NH, O O
F

@
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[0107)]
scheme.

The synthesis is described referring to the above

Synthesis of Compound (a)

[0108] Ina 50 ml two-neck flask equipped with a Dimroth
condenser and a three-way cock, 1.97 g of 2-aminobenzophe-
none and 1.38 g of 4-fluoroacetophenone were dissolved in a
mixed solvent of 20 ml of acetic acid and 1 ml of sulfuric acid,
and the resulting solution was stirred under reflux for 4 hours.
Thereafter, 20 ml of ethyl acetate was added, and the mixture
was allowed to stand for one night. Since crystals of quinoline
sulfate were precipitated, they were filtrated and washed with
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F

(1-a)

ethyl acetate. The filter residue was added to 50 ml of metha-
nol to dissolve most of it. To the resulting mixture, 10 ml of
IN—NaOH and 10 ml of water were added. Since white
crystals were precipitated, they were filtered and washed with
water to obtain a compound (a). The yield was 1.22 g (41%).

Synthesis of Compound (1')

[0109] Ina 50 ml two-neck flask equipped with a Dimroth
condenser and a three-way cock, 371 mg of 2-(4'-fluorophe-
nyl)-4-tert-butyl pyridine having been synthesized in the
same manner as in Polyhedron 25, 1167 (2006), 212 mg of
iridium (IIT) chloride trihydrate, 9 ml of 2-ethoxyethanol and
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3 ml of pure water were introduced, and through the resulting
solution, nitrogen was bubbled for 5 minutes. The resulting
solution was refluxed for 14 hours in nitrogen with stirring to
perform reaction. After the reaction, the reaction solution was
cooled down to room temperature, and 30 ml of pure water
was added to precipitate a product. The precipitate was
obtained by filtration, washed with 50 ml of a mixed solvent
of methanol and water (methanol/water=7/3) and then dried
under reduced pressure to obtain a compound (1') as a yellow
powder. The yield was 367 mg (85%).

Synthesis of Compound (1-a)

[0110] Ina 50 ml two-neck flask equipped with a Dimroth
condenser and a three-way cock, 200 mg (0.29 mmol) of the
compound (1'), 131 mg (0.36 mmol) of the compound (a) and
potassium carbonate (120 mg, 0.87 mmol) were introduced,
and the flask was purged with nitrogen. After addition of
dehydrated mesitylene (6 ml) and silver(]) trifluoromethane-
sulfonate(96mg, 0.38mmol), the mixture was refluxed for 1
hour and 20 minutes with stirring to perform reaction. After
the reaction, the reaction solution was cooled down to room
temperature, then chloroform was added, and the mixture was
filtered using Celite. The filtrate was purified using silica gel
column chromatography. Then, methanol was added, and the
mixture was ultrasonicated. As a result, crystallization took
place. The resulting crystals were filtered and dried to obtain
an iridium complex compound (1-a) as red fine crystals. The
yield was 38 mg (14%).

Example 2

Synthesis of Iridium Complex Compound (1-b)

[0111] An iridium complex compound (1-b) was obtained
by the same synthesis process as for the iridium complex
compound (1-a), except that 2-amino-4,5-difluorobenzophe-
none was used instead of 2-aminobenzophenone, and 4-ac-
etophenone was used instead of 4-fluoroacetophenone.

Example 3

Synthesis of Iridium Complex Compound (1-c)
Synthesis of Compound (c)

[0112]
B(OH),
D
N A
o —
Nz lilm
Cl
F
(©
[0113] Inamixed solvent of 20 ml of 1,2-dimethoxyethane

and 10 ml of water, 1.64 g of 1-chloroisoquinoline, 1.68 g of
4-fluorophenylboric acid, 2.8 g of potassium carbonate and
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0.3 g of tetrakis (triphenylphosphine)palladium(0) were dis-
solved, and the resulting solution was stirred under reflux for
3 hours in a nitrogen atmosphere to perform reaction. After
the reaction, the reaction solution was cooled down to room
temperature, and 20 ml of toluene was added to remove an
aqueous layer. The remainder was purified using silica gel
column chromatography to obtain a compound (¢). The yield
was 2.14 g.

Synthesis of Compound (1-c)

[0114] An iridium complex compound (1-c) was obtained
by the same synthesis process as for the iridium complex
compound (1-a), except that the compound (c) was used
instead of the compound (a).

Example 4

Synthesis of Iridium Complex Compound (2-a)

[0115] An iridium complex compound (2-a) was obtained
by the same synthesis process as for the iridium complex
compound (1-a), except that 2-(3'-trifluoromethylphenyl)-4-
tert-butylpyridine having been synthesized in the same man-
ner as in Polyhedron 25, 1167 (2006) was used instead of the
compound (1').

Example 5

Synthesis of Iridium Complex Compound (3-d)
Synthesis of Compound (d)

[0116]
O,
NH, O
\ O
N F
()
[0117] A compound (d) was synthesized in the same man-

ner as for the compound (a), except that 3-methylacetophe-
none was used instead of 4-fluoroacetophenone.

Synthesis of Compound (3-d)

[0118] An iridium complex compound (3-d) was obtained
by the same synthesis process as for the iridium complex
compound (1-a), except that 2-(2',4' -difluorophenyl)-4-tert-
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butylpyridine (3') having been synthesized in the same man-
ner as in Polyhedron 25, 1167 (2006) was used instead of the
compound (1'), and the compound (d) was used instead of the
compound (a).

Example 6

Synthesis of Iridium Complex Compound (3-¢)
[0119]

E—

(e2)

B(OH),

(e3)

Synthesis of Compound (el)

[0120] Inamixed solvent of 40 mlof 1,2-dimethoxyethane
and 20 ml of water, 2.1 g (10 mmol) of 6-bromoaniline, 1.2 g
(10 mmol) of phenylboric acid, 2.8 (20 mmol) g of potassium
carbonate and 1.1 g (1 mmol) of tetrakis (triphenylphosphine)
palladium (0) were dissolved, and the resulting solution was
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stirred under reflux for 3 hours in a nitrogen atmosphere to
perform reaction. After the reaction, the reaction solution was
cooled down to room temperature, and 40 ml of toluene was
added to remove an aqueous layer. The remainder was puri-
fied using silica gel column chromatography to obtain a com-
pound (el). The yield was 1.64 g (80%).

Synthesis of Compound (e2)

[0121] To 1.64 g (8.0 mmol) of 6-phenylquinoline (com-
pound (el)), 10 ml of acetic acid and 2 ml of 30% aqueous
hydrogen peroxide were added, and they were stirred at 80°
C. for 3 hours. After the reaction, the reaction solution was
washed with a sodium hydroxide aqueous solution. The prod-
uct was purified by alumina column chromatography to
obtain a compound (e2). The yield was 1.70 g (96%).
Synthesis of Compound (e3)

[0122] In5 ml of chloroform, 1.70 g (7.7 mmol) of 6-phe-
nylquinoline-N-oxide (compound (e2)) was dissolved, then
5.9 g (39.5 mmol) of phosphorus oxychloride was slowly
added, and the mixture was stirred under reflux for 15 hours
in nitrogen. After the reaction, the reaction solution was neu-
tralized with a sodium hydroxide aqueous solution. The
resulting solution was purified by silica gel column chroma-
tography to obtain a compound (e3). The yield was 1.1 g
(60%).

Synthesis of Compound (e4)

[0123] Inamixed solvent of 40 ml of 1,2-dimethoxyethane
and 20 ml of water, 1.1 g (4.6 mmol) of 2-chloro-6-phe-
nylquinoline (compound (e3)), 0.63 g (4.6 mmol) of m-me-
thylphenylboric acid, 1.3 g (9.2 mmol) of potassium carbon-
ate and 0.23 g (0.2 mmol) of tetrakis (triphenylphosphine)
palladium (0) were dissolved, and the resulting solution was
stirred under reflux for 3 hours in a nitrogen atmosphere to
perform reaction. After the reaction, the reaction solution was
cooled down to room temperature, and 40 ml of toluene was
added to remove an aqueous layer. The remainder was puri-
fied using silica gel column chromatography to obtain a com-
pound (e). The yield was 0.65 g (48%).

Synthesis of Compound (3-¢)

[0124] An iridium complex compound (3-e) was obtained
by the same synthesis process as for the iridium complex
compound (3-d), except that the compound (e) was used
instead of the compound (d).

Example 7

Synthesis of Iridium Complex Compound (3-f)
[0125]

NH, O
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Synthesis of Compound (f1)

[0126] Inamixed solvent of 20 ml of methanol and 100 ml
of water, 20 ml of IN—HCI was dropwise added to 4.0 g of
aminobenzophenone, 2.2 g of potassium iodide and 1.4 g of
iodic acid at room temperature with stirring. After the result-
ing mixture was allowed to stand for one night, 30 ml of
chloroform was added to perform extraction. The extract was
washed with a sodium sulfite aqueous solution and then fur-
ther washed with water twice. The resulting solution was
dried over magnesium sulfate and then filtered. The solvent
was distilled away under reduced pressure. Then, 30 ml of
methanol was added, and the mixture was heated. Thereafter,
3 ml of water was added to precipitate crystals. After filtra-
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tion, the filter residue was washed with methanol and water to
obtain a solid compound (f1). The yield was 4.0% (60%).

Synthesis of Compound (£2)

[0127] In12mlofaceticacidand 0.6 mlofsulfuricacid, 2.0
g of the compound (fl) and 1.0 g of 4-fluoroacetophenone
were dissolved, and the resulting solution was heated and
stirred at 120° C. for 5 hours. Thereafter, 12 ml of ethyl
acetate was added, and the mixture was allowed to stand for
one night, then filtered and washed with ethyl acetate. The
resulting substance was suspended in 20 ml of methanol, and
12 ml of IN—NaOH was added to perform neutralization.
The product was filtered, and the filter residue was washed
with water and methanol to obtain acompound (£2). The yield
was 1.7 g (46%).

Synthesis of Compound (f)

[0128] In 12 ml of 1,2-dimethoxyethane, 1.67 g of the
compound (f2), 5.58 g of phenylboric acid, 4 ml of a 2M
potassium carbonate aqueous solution and 90 mg of tetrakis
(triphenylphosphine)palladium(0) were dissolved, and the
resulting solution was stirred under reflux for 4 hours in a
nitrogen atmosphere to perform reaction. After the reaction,
the reaction solution was cooled down to room temperature,
and 20 ml of toluene was added to remove an aqueous layer.
The remainder was purified using silica gel column chroma-
tography to obtain a compound (f). The yield was 1.03 g
(68%).

Synthesis of Compound (3-f)

[0129] An iridium complex compound (3-f) was obtained
by the same synthesis process as for the iridium complex
compound (3-d), except that the compound (f) was used
instead of the compound (d).

Example 8

Synthesis of Iridium Complex Compound (3-g)

[0130] An iridium complex compound (3-g) was obtained
by the same synthesis process as in Example 7, except that
acetophenone was used instead of 4-fluoroacetophenone.

Example 9

Synthesis of Iridium Complex Compound (3-h)

[0131] An iridium complex compound (3-h) was obtained
by the same synthesis process as in Example 7, except that
acetophenone was used instead of 4-fluoroacetophenone, and
3,5-difluorophenylboric acid was used instead of phenylboric
acid.

Example 10

Synthesis of Iridium Complex Compound (3-1)

[0132] An iridium complex compound (3-1) was obtained
by the same synthesis process as in Example 7, except that
3-methylacetophenone was used instead of 4-fluoroac-
etophenone.
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Example 11

Synthesis of Iridium Complex Compound (3-j)
[0133]

(6] H
é E
NH,

an

(2
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Synthesis of Compounds (j1) and (j2)

[0134] 2.06 g of 3-aminobiphenyl and 1.06 g of benzalde-
hyde were mixed, and the mixture was heated and stirred at
60° C. for 1 hour to obtain a compound (j1). To this com-
pound, 80 mg of ruthenium chloride, 0.43 g of copper bro-
mide and 1.2 g of phenylacetylene were added, and they were
heated and stirred at 60° C. for 2.5 hours. The product was
purified by silica gel column chromatography to obtain a
compound (j2). The yield was 3.43 g (96%).

Synthesis of Compound (j)

[0135] In30mlofmethanol, 1.0 gofthecompound (j2)and
42 mg of gold(I1I) chloride were dissolved, and the resulting
solution was stirred at 50° C. for 5 hours. The solvent was
distilled away under reduced pressure, and then the remainder
was purified by silica gel column chromatography to obtain a
compound (j). The yield was 0.62 g (6%).

Synthesis of Compound (3-j)

[0136] An iridium complex compound (3-j) was obtained
by the same synthesis process as for the iridium complex
compound (3-d), except that the compound (j) was used
instead of the compound (d).

Example 12

Evaluation of Maximum Emission Wavelength

[0137] A maximum emission wavelength of the iridium
complex compound (1-a) was obtained by measuring a maxi-
mum emission wavelength of a solution obtained by dissolv-
ing the iridium complex compound (1-a) in chloroform, by
the use of a fluorescence spectrophotometer FP-6500 manu-
factured by JASCO Corporation. The evaluation result is set
forth in Table 1.

Evaluation of Emission Quantum Yield

[0138] An emission quantum yield of the iridium complex
compound (1-a) was obtained by measuring an emission
quantum yield of a solution obtained by dissolving the iri-
dium complex compound (1-a) in 1,2-dichloroethane, by the
use of an absolute emission quantum yield measuring device
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C9920-02G manufactured by Hamamatsu Photonics K.K.
The evaluation result is set forth in Table 1.

Preparation of Organic EL. Element

[0139] Using a glass substrate with ITO (indium tin oxide)
film (Nippo Electric Co., Ltd.) in which two ITO electrodes
each having a width of 4 mm had been formed in stripes as
anodes on one surface of a glass substrate of 25 mm square, an
organic EL element was prepared.

[0140] The glass substrate with ITO film was ultrasonically
cleaned in an alkali detergent for 30 minutes. On the ITO film
of the substrate after cleaning, a fluorocarbon film was
formed as an anode buffer layer by high-frequency plasma in
CHF, gas using a reactive ion etching device (Samco RIE-
200iP) to obtain a substrate with an anode buffer layer.
[0141] Next, 11.8 mg of a copolymer obtained by polymer-
izing a hole transport material represented by the compound
(E8) and an electron transport material represented by the
compound (E20) in a ratio of 2:1 (by weight), and 0.4 mg of
the iridium complex compound (1-a) were dissolved in 0.4 g
of toluene (Wako Pure Chemical Industries, Ltd., special
grade). This solution was applied onto the substrate with an
anode buffer layer by spin coating under the conditions of a
rotational speed of 3000 rpm and a coating time of 30 sec-
onds, and the substrate was allowed to stand at 140° C. for 1
hour in a nitrogen atmosphere to form a luminescent layer.
The film thickness of the resulting luminescent layer was 86
nm. Next, the substrate having the luminescent layer formed
thereon was placed in a deposition device, and lithium fluo-
ride was deposited with a thickness of 5 nm at a deposition
rate of 0.01 nm/s. Subsequently, as a cathode, aluminum was
deposited with a thickness of 150 nm at a deposition rate of
0.1 nm/s. Thus, an organic EL element 1 was prepared. The
layers of sodium fluoride and aluminum were formed in two
stripes each having a width of 3 mm and crossing at a right
angle to the extending direction of the anode. Thus, four
organic EL elements 12 each having a size of 4 mm
(length)x3 mm (width) were prepared based on one glass
substrate.

Evaluation of EL (Electroluminescence) Properties

[0142] A voltage was stepwise applied to the organic EL
element using a constant-voltage power source (manufac-
tured by Keithley Instruments Inc., SM2400), and the lumi-
nance of the organic EL element was determined by a lumi-
nance meter (manufactured by Topcon Corporation, BM-9).
Luminous efficiency and power efficiency determined from a
ratio of the luminance to a current density are set forth in
Table 1.

Examples 13 to 22

[0143] Maximum emission wavelengths and emission
quantum yields of the iridium complex compounds (1-b) to
(3-)) were measured in the same manner as in Example 12,
except that the iridium complex compound (1-a) was replaced
with each of the iridium complex compounds (1-b) to (3-j) of
Examples 2 to 11.
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[0144] Further, organic EL elements 13 to 22 were prepared
in the same manner as for the organic EL element 12 of
Example 12, except that the iridium complex compound (1-a)
was replaced with each of the iridium complex compounds
(1-b) to (3-j) of Examples 2 to 11. These organic EL elements
were also subjected to evaluation of electroluminescence
properties in the same manner as for the organic EL element
12. The results are set forth in Table 1.

Comparative Examples 1 to 6

[0145] Maximum emission wavelengths and emission
quantum yields of the following iridium complex compounds
(3-k) to (0-c) were measured in the same manner as in
Example 12, except that the iridium complex compound (1-a)
was replaced with each of the iridium complex compounds
(3-k) to (0-c) below.

[0146] Further, organic EL elements c1 to c6 were prepared
in the same manner as for the organic EL element 12 of
Example 12, except that the iridium complex compound (1-a)
was replaced with each of the iridium complex compounds
(3-k) to (0-c). These organic EL elements were also subjected
to evaluation of electroluminescence properties in the same
manner as for the organic EL element 12. The results are set
forth in Table 1.

()
F
()
tBu
2\
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TABLE 1
Number of Maximum  Emission Luminous Power
electron attractive emission quantum effi- effi-
substituent of wavelength yield ciency ciency
Pigment phenyl pyridyl ligand (nm) (%) (%) (Ilm/W)
Ex. 12 1l-a 2 603 0.60 9.0 13.8
Ex.13 1-b 2 617 0.54 8.3 9.8
Ex. 14 1-c 2 602 0.55 7.3 7.1
Ex. 15 2-a 2 603 0.71 8.2 21.4
Ex. 16 3-d 4 605 0.70 9.1 19.6
Ex. 17 3-e 4 606 0.71 9.4 20.0
Ex. 18 3-f 4 600 0.75 10.0 21.8
Ex. 19 3-g 4 609 0.77 10.5 20.1
Ex. 20 3-h 4 619 0.68 10.4 12.5
Ex.21  3-i 4 610 0.74 9.3 14.9
Ex.22 3 4 621 0.65 9.6 19.2
Comp. 3-k 4 599 0.50 7.7 10.8
EX. 1
Comp. 4-a 0 620 0.40 5.8 7.4
EX.2
Comp. 4-b 0 643 0.24 3.9 2.7
EX.3
Comp. 4-f 0 629 0.48 8.0 6.9
EX. 4
Comp. 4-1 0 618 0.35 5.4 7.5
EX.S
Comp. 0-c 0 620 0.26 3.5 2.1
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[0147] It can be seen from Table 1 that the iridium com-
plexes (Examples 12 to 22) of the present invention using a
phenylpyridyl ligand into which an electron attractive sub-
stituent had been introduced had high emission quantum
yield and the elements prepared using these iridium com-
plexes also had high luminous efficiency and high power
efficiency, though the iridium complex compounds (Com-
parative Examples 2 to 6) using a phenylpyridyl ligand having
no electron attractive substituent had low emission quantum
yield and the elements prepared using these iridium complex
compounds had low luminous efficiency and low power effi-
ciency. It can be also seen that in the case where the iridium
complex compounds had 4 fluorine atoms as the electron
attractive substituent (Examples 16 to 22), the emission quan-
tum yield, the luminous efficiency and the power efficiency
were higher than those in the case where the iridium complex
compounds had 2 fluorine atoms as the electron attractive
substituent (Examples 12 to 15).

[0148] As for the iridium complex compounds of the
present invention, when L, is a ligand represented by the
formula (3), at least one of R, , and R, is an aryl group which
may have a substituent. The iridium complex compounds of
the present invention had higher emission quantum yield,
higher luminous efficiency and higher power efficiency as
compared with the iridium complex compound (3-k) (Com-
parative Example 1) wherein none of R,, and R,, is aryl
groups which may have a substituent.

Examples 23 to 28

[0149] Organic EL elements 23 to 28 were prepared in the
same manner as in Example 12, except for using a solution
having been prepared by adding 11.8 mg of a copolymer
obtained by polymerizing a hole transport material repre-
sented by the compound (E8) and an electron transport mate-
rial represented by the compound (E20) in a ratio of 2:1 (by
weight) and 0.4 mg of any one of the iridium complex com-
pounds (1-a) to (3-1) to 0.4 g of toluene (Wako Pure Chemical
Industries, Ltd., special grade) and further adding an iridium
complex compound (5-a) in such a concentration that the
luminescent chromaticity of the elements would become
[0.45, 0.45] in terms of CIE (Commission International de
I’Eclairage) chromaticity. These organic EL. elements were
also subjected to evaluation of electroluminescence proper-
ties in the same manner as for the organic EL element 12. The
results are set forth in Table 2.

(5-a)
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Comparative Examples 7 and 8

[0150]
same manner as in Examples 23 to 28, except that the iridium
complex compounds (4-a) and (4-f) were used instead of the
iridium complex compounds (1-a) to (3-1). These organic EL.
elements were also subjected to evaluation of electrolumines-
cence properties in the same manner as for the organic EL
element 12. The results are set forth in Table 2.

Organic EL elements ¢7 and c¢8 were prepared in the

TABLE 2
Red Blue Luminous Power
pigment  pigment efficiency (%)  efficiency (Im/W)
Ex. 23 1-a 5-a 10.1 9.0
Ex. 24 2-a 5-a 10.9 15.0
Ex. 25 3-d 5-a 11.6 14.1
Ex. 26 3-f 5-a 12.5 15.4
Ex. 27 3-g 5-a 11.3 12.7
EX. 28 3-i 5-a 11.7 12.4
Comp. 4-a 5-a 8.6 6.5
EX.7
Comp. 4-f 5-a 8.0 4.2
EX. 8
[0151] It can be seen from Table 2 that the white lumines-

cence organic EL elements (Examples 23 to 28) having been
prepared by mixing the red luminescence iridium complex
using a phenylpyridyl ligand having an electron attractive
substituent with the blue luminescence iridium complex (5-a)
had higher luminous efficiency and higher power efficiency
than the white luminescence organic EL elements (Compara-
tive Examples 7 and 8) having been prepared by the use of the
red luminescence iridium complex using a phenylpyridyl
ligand having no electron attractive substituent.

Examples 29 to 34

[0152]
same manner as in Example 12, except for using a solution
having been prepared by adding 11.8 mg of a copolymer
obtained by polymerizing a hole transport material repre-
sented by the compound (E8) and an electron transport mate-
rial represented by the compound (E20) in a ratio of 2:1 (by
weight) and 0.4 mg of any one of the iridium complex com-
pounds (1-c) to (3-1) to 0.4 g of toluene (Wako Pure Chemical
Industries, Ltd., special grade) and further adding an iridium
complex compound (5-b) in such a concentration that the
luminescent chromaticity of the elements would become
[0.40, 0.40] in terms of CIE (Commission International de
I’Eclairage) chromaticity. These organic EL elements were
also subjected to evaluation of electroluminescence proper-
ties in the same manner as for the organic EL element 12. The
results are set forth in Table 3.

Organic EL elements 29 to 34 were prepared in the
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(5-b)

Comparative Example 9

[0153] An organic EL element c9 was prepared in the same
manner as in Examples 29 to 34, except that the iridium
complex compound (4-b) was used instead of the iridium
complex compounds (1-¢) to (3-i). This organic ELL element
was also subjected to evaluation of electroluminescence
properties in the same manner as for the organic EL element
12. The results are set forth in Table 3.

TABLE 3
Red Blue Luminous Power
pigment  pigment efficiency (%)  efficiency (Im/W)
Ex. 29 1-c 5-b 7.4 6.0
Ex. 30 2-a 5-b 7.0 6.9
Ex. 31 3-d 5-b 9.4 10.4
Ex. 32 3-f 5-b 8.9 9.5
Ex. 33 3-g 5-b 8.0 8.4
EX. 34 3-i 5-b 8.7 8.5
Comp. 4-b 5-b 5.7 2.8
EX.9
[0154] It can be seen from Table 3 that the white lumines-

cence organic EL elements (Examples 29 to 34) having been
prepared by mixing the red luminescence iridium complex
compound using a phenylpyridyl ligand having an electron
attractive substituent with the blue luminescence iridium
complex compound (5-b) had higher luminous efficiency and
higher power efficiency than the white luminescence organic
EL element (Comparative Example 9) having been prepared
by the use of the red luminescence iridium complex using a
phenylpyridyl ligand having no electron attractive substitu-
ent.

REFERENCE SIGNS LIST
[0155] 1: substrate
[0156] 2: anode
[0157] 3: anode buffer layer
[0158] 4: luminescent layer
[0159] 5: cathode
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1. An iridium complex compound represented by the fol-
lowing formula (1):

@

wherein R, to R, are each independently a hydrogen atom,
a fluorine atom, a cyano group, an alkyl group of 1 to 10
carbon atoms, or an alkyl group of 1 to 10 carbon atoms
in which at least one hydrogen atom has been replaced
with a fluorine atom, at least one of them is any one of a
fluorine atom, a cyano group and an alkyl group of 1 to
10 carbon atoms in which at least one hydrogen atom has
been replaced with a fluorine atom, R to Ry are each
independently a hydrogen atom, an alkyl group of 1 to
30 carbon atoms, an aryl group of 6 to 40 carbon atoms,
an aralkyl group of 7 to 40 carbon atoms, an amino group
which may be substituted with an alkyl group of 1 to 30
carbon atoms, an alkoxy group of 1 to 30 carbon atoms,
or a silyl group which may be substituted with an alkyl
group of 1 to 30 carbon atoms, adjacent R groups of R,
to Ry do not undergo mutual bonding for forming a ring,
L, is selected from the following formulas (2) and (3), m
islor2,nis 1 or2,and m+nis 3,
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wherein R, to R, are each independently a hydrogen atom,
a cyano group, a nitro group, a halogen atom, an alkyl
group of 1 to 30 carbon atoms which may have a sub-
stituent, an alkylamino group of 1 to 30 carbon atoms
which may have a substituent, an arylamino group of 6 to
30 carbon atoms which may have a substituent, an
alkoxy group of 1 to 30 carbon atoms which may have a
substituent, a halogenated alkoxy group of 1 to 30 car-
bon atoms which may have a substituent, an aromatic
oxy group of 6 to 30 carbon atoms which may have a
substituent, an aryl group of 6 to 40 carbon atoms which
may have a substituent, a heterocyclic group of 3 to 30
carbon atoms which may have a substituent, a haloge-
nated alkyl group of 1 to 32 carbon atoms which may
have a substituent, an alkenyl group of 2 to 30 carbon
atoms which may have a substituent, an alkynyl group of
2 to 30 carbon atoms which may have a substituent, a
cycloalkyl group of 3 to 30 carbon atoms which may
have a substituent, an electron attractive substituent (al-
dehyde group, acyl group of 2 to 10 carbon atoms,
alkoxycarbonyl group of 2 to 10 carbon atoms, ami-
nocarbonyl group of 1 to 10 carbon atoms, thiocyanate
group or sulfonyl group of 1 to 10 carbon atoms), an
aralkyl group of 7 to 40 carbon atoms, a silyl group
which may be substituted with an alkyl group of 1 to 30
carbon atoms, or a group wherein at least one hydrogen
atom in these groups has been replaced with a fluorine
atom, at least one of R, and R,, is an aryl group which
may have a substituent, and adjacent R groups of R, to
R,, may be bonded to each other to form a ring.

2. The iridium complex compound as claimed in claim 1,
wherein at least two of substituents indicated by R, to R, in
the iridium complex compound represented by the formula
(1) are each independently selected from a fluorine atom, a
cyano group and an alkyl group of 1 to 10 carbon atoms in
which at least one hydrogen atom has been replaced with a
fluorine atom.

3. The iridium complex compound as claimed in claim 1,
which has a maximum emission wavelength in the range of
580 to 640 nm.

4. A composition comprising the iridium complex com-
pound as claimed in claim 1 and a blue luminescent com-
pound having a maximum emission wavelength in the wave-
length range of 450 to 490 nm.
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5. The composition as claimed in claim 4, wherein the blue
luminescent compound is an iridium complex compound rep-
resented by the following formula (4), and the iridium com-
plex compound represented by the following formula (4) is
contained in an amount of 1 to 100 parts by weight based on
1 part by weight of the iridium complex compound repre-
sented by formula (1),

— _ @
Ry
R3o Rag
Rsj e
R —
32
Z SN /
g
Rs3 Rss
| R34

wherein R;, to R;5 are each independently a hydrogen
atom, an alkyl group of 1 to 30 carbon atoms, an aryl
group of 6 to 40 carbon atoms, an aralkyl group of 7 to 40
carbon atoms, an amino group which may be substituted
with an alkyl group of 1 to 30 carbon atoms, an alkoxy
group of 1 to 30 carbon atoms, a silyl group which may
be substituted with an alkyl group of 1 to 30 carbon
atoms, a halogen atom or a cyano group, at least one of
R;, to R,5 is a group of two or more carbon atoms, R, g
to R, are each independently an electron attractive sub-
stituent selected from a halogen atom, an alkyl group of
1 to 10 carbon atoms in which at least one hydrogen
atom has been replaced with a fluorine atom, an alkoxy
group of 1 to 10 carbon atoms in which at least one
hydrogen atom has been replaced with a fluorine atom, a
cyano group, an aldehyde group, an acyl group of 2 to 10
carbon atoms, an alkoxycarbonyl group of 2 to 10 car-
bon atoms, an aminocarbonyl group of 1 to 10 carbon
atoms, a thiocyanate group and a sulfonyl group of 1 to
10 carbon atoms, an organic group of 1 to 10 carbon
atoms which may have a hetero atom (other than the
above-mentioned electron attractive substituent) or a
hydrogen atom, and at least one of R,; to R;; is the
above-mentioned electron attractive substituent.

6. An organic electroluminescent element having a pair of
electrodes and one or plural organic layers including a lumi-
nescent layer, wherein the luminescent layer contains the
iridium complex compound as claimed in claim 1.

7. The organic electroluminescent element as claimed in
claim 6, wherein the luminescent layer further contains a
charge transport non-conjugated polymer.

8. An image display device using the organic electrolumi-
nescent element as claimed in claim 6.

9. A surface-emitting light source using the organic elec-
troluminescent element as claimed in claim 6.

10. An organic electroluminescent element having a pair of
electrodes and one or plural organic layers including a lumi-
nescent layer, wherein the luminescent layer contains the
composition as claimed in claim 4.
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11. The organic electroluminescent element as claimed in 13. A surface-emitting light source using the organic elec-
claim 10, wherein the luminescent layer further contains a troluminescent element as claimed in claim 10.
charge transport non-conjugated polymer.

12. An image display device using the organic electrolu-
minescent element as claimed in claim 10. ®oOR R R %
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