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(57) A heterocycle-containing iridium complex compound which emits light in the region from green to blue, and
an organic EL device using the iridium complex providing higher efficiency and extended lifespan. The EL device
according to a preferred embodiment of the present invention has an organic layer 13 comprising a heterocycle-con-
taining iridium complex compound represented by the following structural formula:
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present document is based on Japanese Priority Application JP2003-167828 filed in the Japanese Patent
Office on June 12, 2003, the content of which being incorporated herein by reference to the extent permitted by law.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to an organic electroluminescent material, an organic electroluminescent device,
and a heterocycle-containing iridium complex compound having light emission properties in the region from green to
blue, which is advantageously used as an organic electroluminescent material.

2. Related Art

[0003] An organic electroluminescent (organic EL) display has advantages in that the colors are clear and the panel
can be manufactured so as to have reduced thickness, and has as a consequence received attention as a candidate
for the next-generation flat panel display. However, in order to bring it into practical use, there are inevitable issues of
improving materials to increase the light emission efficiency and prolonging the lifetime of light emission. In recent
years, in order to solve the problem, the development of phosphorescent materials has been vigorously conducted,
but materials emitting light in the region from green to blue are still in a developing stage.
[0004] Generally, in the excitation of a light-emitting material, a process in which the material is deactivated after
emitting a fluorescent light and a process in which the material undergoes intersystem crossing and then is deactivated
as a phosphor are known, and it is considered that a high theoretical efficiency can be obtained in the latter process.
Recently, it has been reported that a complex of a transition metal (especially iridium) has large intersystem crossing
and can exhibit high EL emission efficiency, and this report has drawn attention. For example, refer to Thompson et
al.: J. Am. Chem. Soc. 2001, 123, 4305.
[0005] However, in the development of a material which emits light in the region from green to blue, studies must be
made on ligand. An attempt to substitute a ligand with an electron attractive substituent, such as a fluorine atom, is
currently being made, for example, according to Thompson et al. : ICEL. 2001, p.45 , but it is important to combine an
electron-donating substituent and an electron attractive substituent to balance the electron attractive property with the
electron-donating property.

SUMMARY OF THE INVENTION

[0006] The present invention has been conceived in view of the above-mentioned problems in the related art, and
it is aimed to provide a novel iridium complex compound which emits light in the region from green to blue, and to
provide an organic EL device using the iridium complex compound providing higher efficiency and extended lifespan.
[0007] The inventors of the present invention have conducted intensive studies with a view toward developing a
iridium complex material having phosphorescence in the region from green to blue. As a result, they have found that,
by introducing a plurality of nitrogen atoms into the heterocycle in the molecule of a ligand and substituting the two
benzene rings in the ligand with an electron attractive substituent and an electron-donating substituent to control the
electronic state of the ligand, a novel heterocycle-containing iridium complex compound having excellent light emission
properties can be obtained.
[0008] Specifically, the present invention first provides an organic electroluminescent material comprising a hetero-
cycle-containing iridium complex compound represented by the following general formula (1):
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[0009] In the formula, R1 represents any one of a lower alkyl group, a phenyl group, and a substituted phenyl group,
R2 and R3 are the same or different and selected from an alkyl group, an alkyloxy group, and a cyano group, each of
n1 and n2 represents an integer selected from the combinations [n1 = 2, n2 = 1] and [n1 = 3, n2 = 0], and each of n3

and n4 independently represents an integer from 0 to 4.
[0010] The present invention secondly provides an organic electroluminescent device provided with an organic layer
having plurality of layers and having between a pair of electrodes at least a light emission region, wherein the organic
electroluminescent device is characterized in that at least one layer of the organic layer comprises at least one hete-
rocycle-containing iridium complex compound represented by the following general formula (1):

wherein R1 represents any one of a lower alkyl group, a phenyl group, and a substituted phenyl group, R2 and
R3 are the same or different and selected from an alkyl group, an alkyloxy group, and a cyano group, each of n1 and
n2 represents an integer selected from the combinations [n1 = 2, n2 = 1] and [n1 = 3, n2 = 0], and each of n3 and n4

independently represents an integer from 0 to 4.
[0011] The present invention thirdly provides a heterocycle-containing iridium complex compound represented by
the following general formula (1):
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wherein R1 represents any one of a lower alkyl group, a phenyl group, and a substituted phenyl group, R2 and
R3 are the same or different and selected from an alkyl group, an alkyloxy group, and a cyano group, each of n1 and
n2 represents an integer selected from the combinations [n1 = 2, n2 = 1] and [n1 = 3, n2 = 0], and each of n3 and n4

independently represents an integer from 0 to 4.
[0012] As apparent from the foregoing, through the preferred embodiments of the present invention, there is a pro-
vided a novel heterocycle-containing iridium complex compound represented by the general formula (1) above. The
novel heterocycle-containing iridium complex compound is advantageously used as an organic electroluminescent
material having excellent light emission properties in the region from green to blue.
[0013] Further, by forming an organic layer containing a light emission region using an organic electroluminescent
material comprising the heterocycle-containing iridium complex compound according to a preferred embodiment of
the present invention, there can be provided an EL device which emits light in the region from green to blue with high
efficiency and extended lifespan.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other objects and features of a preferred embodiment of the present invention will become
more readily apparent to those of ordinary skill in the art from the following detailed description taken in conjunction
with the accompanying drawings in which:

FIG. 1 shows a diagrammatic cross-sectional view of one example of the structure of a bottom emission type
organic EL device according to a preferred embodiment of the present invention.
FIG. 2 shows diagrammatic cross-sectional view showing one example of the structure of a top emission type
organic EL device according to a preferred embodiment of the present invention.
FIG. 3 shows a diagrammatic cross-sectional view showing the basic structure of a top emission type organic EL
device according to a preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE PRESENT INVENTION

[0015] The heterocycle-containing iridium complex compound represented by the general formula (1) above used
in the present invention is a novel compound, which is prepared by the present inventor for the first time. An especially
preferred heterocycle-containing iridium complex compound is represented by any one of the following structural for-
mulae (2-1) to (2-4).
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[0016] The heterocycle-containing iridium complex compound according to a preferred embodiment of the present
invention can be obtained by, for example, a preparation method in which monomers corresponding to the degree of
polymerization n1 in the general formula (1) above are reacted in sodium hexachloroiridate and 2-methoxyethanol
(Nonoyama's method (Bull. Chem. Soc. Jpn. 1794, 47, 767.)), and then heated in 2-ethoxyethanol, together with
1,4-pentanedione and sodium carbonate, followed by purification (Lamansky et al. method (Inorg. Chem. 2001, 40,
1704.)).
[0017] A novel heterocycle-containing iridium complex compound according to a preferred embodiment of the present
invention can be advantageously used as an organic electroluminescent material which emits light in the region from
green to blue, and, using an organic electroluminescent material comprising the iridium complex compound, an organic
electroluminescent device having high light emission efficiency and extended lifespan can be provided.
[0018] The heterocycle-containing iridium complex compound according to a preferred embodiment of the present
invention can be used not only as a material for the above-mentioned organic electroluminescent device but also in
medical applications, a fluorescent brightener, a material for photography, a UV absorbing material, a laser dye, a dye
for color filter, and a color conversion filter.
[0019] Next, an organic electroluminescent device according to a preferred embodiment of the present invention will
be described with reference to the drawing.
[0020] FIG. 3 shows a diagrammatic cross-sectional view of an example of the organic electroluminescent device
according to a preferred embodiment of the present invention. This organic electroluminescent device comprises an
anode 12, an organic layer 13 containing a light emission region, and a cathode 14 formed in this order on a substrate
11. This organic electroluminescent device is a top emission type organic electroluminescent device which emits light
from the cathode side.
[0021] The organic electroluminescent device may have, between the electrodes, an organic layer, such as a light
emitting layer, a hole injection layer, a hole transport layer, a hole blocking layer, or an electron transport layer, and a
protecting layer, and the like, and, by appropriately selecting the material, a layer other than the light emitting layer in
these layers or the interface between the layers may emit light.
[0022] In the substrate 11, glass, a plastic, or another appropriate material can be used, but preferred is glass which
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most advantageously suppresses penetration of moisture from the outside. When the organic electroluminescent de-
vice and another display device are used in combination, the substrate 11 can be common to them. In the anode 12,
a stacked structure comprising a highly reflective metal material, such as chromium (Cr) , or an ITO layer and an Ag
alloy can be used.
[0023] The organic layer 13 contains an organic electroluminescent material comprising the heterocycle-containing
iridium complex compound represented by the general formula (1) above.
[0024] The heterocycle-containing iridium complex compound according to a preferred embodiment of the present
invention as an organic electroluminescent material has properties such that it emits blue light with high efficiency, and
therefore, when the compound is contained in the light emitting layer in the organic layer, the electroluminescent device
can be improved in light emission efficiency. In addition, the heterocycle-containing iridium complex compound has
excellent charge transportability, and therefore, when the compound is contained in the charge transport layer, the
electroluminescent device can be improved in light emission efficiency. Therefore, there can be provided an electro-
luminescent device which is advantageous not only in that it can reduce energy consumption during the light emission,
but also in that it can continue blue light emission with high luminance for a long time.
[0025] In the electroluminescent device as mentioned above, it is preferred that a layer containing a compound
having an ionization potential of 5.9 eV or higher, more advantageously 6.0 to 7.0 eV, is disposed between the cathode
and the light emitting layer, and it is more preferred that an electron transport layer having an ionization potential of
5.9 eV or higher is disposed. Appropriate materials can be used in the individual layers. In such electroluminescent
device, the heterocycle-containing iridium complex compound can be contained not only in the light emitting layer in
the organic layer as a light emitting material, but also in the charge transport layer in the organic layer.
[0026] With respect to the method for forming a layer containing the heterocycle-containing iridium complex com-
pound, there is no particular limitation, and various methods, such as a vacuum deposition method, an LB method, a
resistive heating deposition method, an electron beam method, a sputtering method, a molecule stacking method, a
coating method (e. g., a spin coating method, a casting method, or a dip coating method), an ink-jet method, and a
printing method, can be employed, and, from the viewpoint of obtaining excellent properties and facilitating the prep-
aration, a resistive heating deposition method is preferred.
[0027] As an electrode material for the cathode 14, an alloy of an active metal, such as Li, Mg, or Ca, and a metal,
such as Ag, Al, or In, or a stacked structure comprising these metals can be used. In the organic electroluminescent
device, the thickness of the cathode is controlled to obtain a thickness such that the device transmits light emitted from
the cathode side.
[0028] In the above embodiment, an explanation is made on the so-called top emission type organic electrolumines-
cent device which emits light from the cathode side on top, but the organic electroluminescent device according to a
preferred embodiment of the present invention is not limited to this type and can also be applied to a so-called bottom
emission type organic electroluminescent device which emits light from the anode side on bottom. The bottom emission
type organic electroluminescent device comprises, for example, a light transmitting anode comprised of ITO or the like
formed on a glass substrate, a light emitting layer formed on the anode, and a light reflecting cathode formed on the
light emitting layer. The organic electroluminescent device can be applied to a transmission type organic electrolumi-
nescent device comprising an anode and a cathode both of which are comprised of a light transmitting material, such
as ITO.
[0029] The organic electroluminescent device according to a preferred embodiment of the present invention can be
used in applications in a wide variety of fields, such as display device, display, backlight, electrophotography, illumi-
nating light source, recording light source, exposure light source, reading light source, sign, advertising board, interior,
and optical communication.

Examples of preferred embodiments of the invention

[0030] Next, preferred examples of embodiments of the present invention are shown, but such examples should not
be construed as limiting the scope of the present invention.

Example 1

[0031] A heterocycle-containing iridium complex compound represented by the structural formula (2-1) above was
synthesized in accordance with the following reaction formula.
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[0032] The compound represented by the structural formula 4 in the above reaction formula was synthesized from
the compound represented by the structural formula 3 in the same reaction formula in accordance with the Nonoyama's
method (Bull. Chem. Soc. Jpn. 1794, 47, 767.). The heterocycle-containing iridium complex compound represented
by the structural formula (2-1) above was synthesized from the compound of the structural formula 4 above in accord-
ance with the method of Lamansky et al. (Inorg. Chem. 2001, 40, 1704.).
[0033] Specifically, the compound of the structural formula 3 (2.7 g, 9.9 mmol ) and sodium hexachloroiridate (1.6
g, 3.3 mmol) were stirred in 2-methoxyethanol for 24 hours. The resultant precipitate (compound of the structural
formula 4) was washed with ethanol again, and then heated under reflux in 2-ethoxyethanol for 15 hours, together with
1,4-pentanedione (6.7 g, 66 mmol) and sodium carbonate (1.4 g, 13 mmol). The resultant insoluble substance was
collected by filtration, and washed with water, ethanol, ether, and hexane. The residue was purified by silica gel chro-
matography (developing solvent: methylene chloride), and permitted to undergo sublimation to obtain the compound
of the structural formula (2-1) (410 mg; yield based on sodium hexachloroiridate: 15%).
[0034] Data for identification of the compound of the structural formula (2-1) above are as follows.

(1) 1H NMR (CD2Cl2/ppm) ; δ 1. 9 (s, 6H), 5.3 (s, 1H) , 6. 4 - 6.6 (8H), 7.1 - 7.2 (2H), 7.2 - 7.3 (4H), 7.6 - 7.7 (10H),
7.7 - 7.8 (2H)
(2) MS (FAB) [M]+: 829
(3) Abs (CH2Cl2) 410 nm
(4) PL (CH2Cl2) 520 nm

Example 2

[0035] A heterocycle-containing iridium complex compound represented by the structural formula (2-2) above was
synthesized in accordance with substantially the same procedure as in Example 1 except that, instead of the compound
of the structural formula 3 in Example 1, a compound of the structural formula below was used. As a result, the yield
(based on sodium hexachloroiridate) of the iridium complex compound was found to be 12%.

[0036] Data for identification of the above iridium complex compound are as follows.

(1) 1H NMR (CD2Cl2/ppm); δ 1.3 (t, 6H), 1.9 (s, 6H), 2.3 (q, 4H), 5.2 (s, 1H) , 6.4-6.5 (4H), 7.1-7.2 (2H), 7.3 - 7.6
(8H), 7.7 - 7.8 (2H)
(2) MS (FAB) [M]+: 733
(3) Abs (CH2Cl2) 410 nm
(4) PL (CH2Cl2) 520 nm

Example 3

[0037] A heterocycle-containing iridium complex compound represented by the structural formula (2-3) above was
synthesized in accordance with substantially the same procedure as in Example 1 except that, instead of the compound
of the structural formula 3 in Example 1, a compound of the structural formula below was used (CAS No. 175712-80-8).
As a result, the yield (based on sodium hexachloroiridate) of the iridium complex compound was found to be 15%.
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[0038] Data for identification of the above iridium complex compound are as follows.

(1) 1H NMR (CD2Cl2/ppm) ; δ 1. 8 (s, 6H), 5.3 (s, 1H) , 6. 4 - 7.2 (8H), 7.2 - 7.3 (4H), 7.5 - 7.6 (10H), 7.7 - 8.0 (4H)
(2) MS (FAB) [M]+: 879
(3) Abs (CH2Cl2) 410 nm
(4) PL (CH2Cl2) 500 nm

Example 4

[0039] A compound represented by the structural formula 6 below was synthesized from a compound represented
by the structural formula 5 below in accordance with the following reaction formula.
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[0040] Specifically, the compound of the structural formula 5 above (synthesized in accordance with Eur. J. Med.
Chem. 1996, 31, 635.)(5.0 g, 19 mmol) and copper(I) cyanide (8.7 g, 98 mmol) were heated under reflux in 500 ml of
dioxane for 12 hours. The reaction solution was concentrated, washed with water, and dried, and to the resultant solid
were added iodobenzene (3.9 g, 19 mmol ) , cesium carbonate (19 g, 58 mmol), copper(I) iodide (370 mg, 1.9 mmol),
1,10-phenanthroline (700 mg, 3. 9 mmol) , and 200 ml of dioxane, followed by heating under reflux for 36 hours. The
resultant reaction mixture was concentrated, and purified by silica gel chromatography (developing solvent: hexane-
chloroform-toluene) to obtain 1.5 g of the compound represented by the structural formula 6 above. Complete purifi-
cation was difficult, and therefore clear spectral data was not obtained, but, in the measurement of MS spectrum, a
molecular ion peak ( [M] +: 326) was observed.
[0041] Then, using the compound represented by the structural formula 6, a heterocycle-containing iridium complex
compound represented by the structural formula (2-4) above was synthesized. The procedure for the synthesis of this
compound is the same as that for the heterocycle-containing iridium complex compound represented by the structural
formula (2-1) above.
[0042] Data for identification of the above heterocycle-containing iridium complex compound are as follows.

(1) 1H NMR (CD2Cl2/ppm) ; δ 1.8 (s, 6H), 3.5 (s, 6H), 5.3 (s, 1H), 6.4 - 7.2 (6H), 7.2 - 7.3 (4H), 7.6 - 7.7 (10H),
7.7-8.0 (4H)
(2) MS (FAB) [M]+: 889
(3) Abs (CH2Cl2) 400 nm
(4) PL (CH2Cl2) 480 nm

Example 5

[0043] The present example is an example in which an organic electroluminescent device was prepared using the
heterocycle-containing iridium complex compound represented by the structural formula (2-1) above prepared in Ex-
ample 1 as a light emitting material. The structure of this electroluminescent device is diagrammatically shown in FIG.
1, and the reference numerals are as follows: 1: cathode; 2: electron transport layer; 3: hole blocking layer; 4: light
emitting layer; 5: hole transport layer; 6: hole injection layer; 7: anode; 8: substrate; and 9: power source.
[0044] First, a 30 mm 3 30 mm glass substrate having formed on one surface an anode comprised of ITO having a
thickness of 100 nm was set in a vacuum deposition machine. As a deposition mask, a metal mask having a plurality
of 2.0 mm 3 2.0 mm unit apertures was disposed near the substrate, and CuPc (copper phthalocyanine) was deposited
as a hole injection layer by a vacuum deposition method in a vacuum at 10-4 Pa or less so that the thickness of the
resultant layer became 10 nm. The deposition rate was 0.1 nm/second.
[0045] Then, α-NPD represented by the structural formula below was deposited as a hole transport layer material
directly on the hole injection layer. The thickness of the hole transport layer comprised of α-NPD was 30 nm, and the
deposition rate was 0.1 nm/second.

[0046] Subsequently, a light emitting layer comprised of the iridium complex represented by the structural formula
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(2-1) above and CBP (carbazolebiphenyl), which were mixed in a 94:6 weight ratio, was deposited directly on the hole
transport layer. The thickness of the light emitting layer was 40 nm.
[0047] Then, BCP (bathocuproine) was deposited as a hole blocking layer material directly on the light emitting layer.
The thickness of the hole blocking layer comprised of BCP was 10 nm, and the deposition rate was 0.1 nm/second.
[0048] Alq3 {tris(8-hydroxyquinolinato)aluminum} represented by the structural formula below was deposited as an
electron transport layer material directly on the hole blocking layer. The thickness of the electron transport layer com-
prised of Alq3 was 30 nm, and the deposition rate was 0.2 nm/second.

[0049] As materials for the cathode, a Mg and Ag co-deposited film was used and deposited at a deposition rate of
1 nm/second so that the thickness of the resultant film became 200 nm, thus preparing an organic electroluminescent
device having the stacked structure shown in FIG. 1.
[0050] A forward bias direct voltage was applied to the thus prepared organic electroluminescent device in Example
5 in a nitrogen gas atmosphere to evaluate the light emission properties. The light emitted was green, and a spectro-
photometry measurement offered a spectrum having an emission peak around 505 nm. In the spectrophotometry
measurement, a spectrophotometer using a photodiode array, manufactured and sold by Otsuka Electronics Co., Ltd.,
as a detector was used. In addition, a voltage-luminance measurement was carried out, and, as a result, a luminance
of 800 cd/m2 was obtained at 8 V.
[0051] The organic electroluminescent device prepared was allowed to stand in a nitrogen gas atmosphere for one
month, but no deterioration was observed in the device. Further, a fixed current was permitted to flow through the
organic electroluminescent device at an initial luminance of 500 cd/m2 so that the device continuously emitted light
and suffered forced deterioration. As a result, it was found that a 900-hour period of time was required until the lumi-
nance reduced by half. The results are summarized in the Table 1 below.

Example 6

[0052] The present Example is an example in which a top emission type organic electroluminescent device was
prepared using the iridium complex compound represented by the structural formula (2-1) above as a light emitting
material. The structure of this electroluminescent device is diagrammatically shown in FIG. 2, and like parts or portions
are indicated by like reference numerals in FIG. 1 and FIG. 2.
[0053] As a substrate, using a 30 mm x 30 mm glass substrate having formed on one surface an anode comprised
of Cr having a thickness of 100 nm, an organic electroluminescent device having the stacked structure shown in FIG.
2 was prepared. The other procedure for preparing the device and the materials are substantially the same as those
in Example 1, except for the device structure. As a constituent material for the cathode 1, a Mg/Ag co-deposited film
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was used. The thickness of the co-deposited film was 11 nm.
[0054] A forward bias direct voltage was applied to the thus prepared organic electroluminescent device in Example
6 in a nitrogen gas atmosphere to evaluate the light emission properties. The light emitted was bluish green, and a
spectrophotometry measurement offered a spectrum having an emission peak around 505 nm. In the spectrophotom-
etry measurement, a spectrophotometer using a photodiode array, manufactured and sold by Otsuka Electronics Co.,
Ltd., as a detector was used. In addition, a voltage-luminance measurement was carried out, and, as a result, a lumi-
nance of 570 cd/m2 was obtained at 8 V.
[0055] The organic electroluminescent device prepared was allowed to stand in a nitrogen gas atmosphere for one
month, but no deterioration was observed in the device. Further, a fixed current was permitted to flow through the
organic electroluminescent device at an initial luminance of 500 cd/m2 so that the device continuously emitted light
and suffered forced deterioration. As a result, it was found that a 780-hour period of time was required until the lumi-
nance reduced by half. The results are summarized in the Table 1 below.

Example 7

[0056] The present Example is an example in which an organic electroluminescent device having the structure shown
in FIG. 1 was prepared using the iridium complex compound represented by the structural formula (2-2) above as a
light emitting material. The procedure for preparing the device, the device structure, and the materials are substantially
the same as those in Example 5, except for the light emitting material. The results are summarized in the Table 1 below.

Example 8

[0057] The present Example is an example in which an organic electroluminescent device having the structure shown
in FIG. 2 was prepared using the iridium complex compound represented by the structural formula (2-2) above as a
light emitting material. The procedure for preparing the device, the device structure, and the materials are substantially
the same as those in Example 6, except for the light emitting material. The results are summarized in the Table 1 below.

Example 9

[0058] The present Example is an example in which an organic electroluminescent device having the structure shown
in FIG. 1 was prepared using the iridium complex compound represented by the structural formula (2-3) above as a
light emitting material. The procedure for preparing the device, the device structure, and the materials are substantially
the same as those in Example 5, except for the light emitting material. The results are summarized in the Table 1 below.

Example 10

[0059] The present Example is an example in which an organic electroluminescent device having the structure shown
in FIG. 2 was prepared using the iridium complex compound represented by the structural formula (2-3) above as a
light emitting material. The procedure for preparing the device, the device structure, and the materials are substantially
the same as those in Example 6, except for the light emitting material. The results are summarized in the Table 1 below.

Example 11

[0060] The present Example is an example in which an organic electroluminescent device having the structure shown
in FIG. 1 was prepared using the iridium complex compound represented by the structural formula (2-4) above as a
light emitting material. The procedure for preparing the device, the device structure, and the materials are substantially
the same as those in Example 5, except for the light emitting material. The results are summarized in the Table 1 below.

Example 12

[0061] The present Example is an example in which an organic electroluminescent device having the structure shown
in FIG. 2 was prepared using the iridium complex compound represented by the structural formula (2-4) above as a
light emitting material. The procedure for preparing the device, the device structure, and the materials are substantially
the same as those in Example 6, except for the light emitting material. The results are summarized in the Table 1 below.
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[0062] Although the present invention has been described hereinabove in its preferred form with a certain degree of
particularity, many other changes, variations, combinations and sub-combinations are possible therein. It is therefore
to be understood by those of ordinary skill in the art that any modifications will be practiced otherwise than as specifically
described herein without departing from the scope and spirit of the present invention.

Claims

1. An organic electroluminescent material comprising a heterocycle-containing an iridium complex compound repre-
sented by the following general formula (1):

wherein:

R1 represents either a lower alkyl group, a phenyl group, or a substituted phenyl group;
R2 and R3 can be different and are selected from an alkyl group, an alkyloxy group, and a cyano group;
each of n1 and n2 represents an integer number selected from the combinations [n1 = 2, n2 = 1] and [n1 = 3,

[Table 1]

Example Compound Device structure Color of emitted light Voltage-luminance
property

Lifespan

1 Structural formula
(2-1)

FIG. 1 505 nm
(Green)

800 cd/m2

(8 V)
900 hr

(500 Cd/m2)

2 FIG. 2 505 nm
(Green)

570 cd/m2

(8 V)
780 hr

(500 cd/m2)

3 Structural formula
(2-2)

FIG. 1 505 nm
(Green)

780 cd/m2

(8 V)
910 hr

(500 cd/m2)

4 FIG. 2 505 nm
(Green)

580 cd/m2

(8 V)
800 hr

(500 cd/m2)

5 Structural formula
(2-3)

FIG. 1 500 nm
(Green)

850 cd/m2

(8 V)
830 hr

(500 cd/m2)

6 FIG. 2 500 nm
(Green)

595 cd/m2

(8 V)
710 hr

(500 cd/m2)

7 Structural formula
(2-4)

FIG. 1 480 nm
(Green)

900 cd/m2

(8 V)
600 hr

(500 cd/m2)

8 FIG. 2 480 nm
(Green)

610 cd/m2

(8 V)
540 hr

(500 cd/m2)
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n2 = 0]; and
each of n3 and n4 independently represents an integer from 0 to 4.

2. An organic electroluminescent device provided with an organic layer having a plurality of layers and having between
a pair of electrodes at least a light emission region, said organic electroluminescent device having at least a layer
of said organic layer including at least one heterocycle-containing iridium complex compound represented by the
following general formula (1):

wherein R1 represents either a lower alkyl group, a phenyl group, or a substituted phenyl group;
R2 and R3 can be equal or different and selected from an alkyl group, an alkyloxy group, and a cyano group;
each of n1 and n2 represents an integer selected from the combinations [n1 = 2, n2 = 1] and [n1 = 3, n2 = 0]; and
each of n3 and n4 independently represents an integer from 0 to 4.

3. A heterocycle-containing iridium complex compound represented by the following general formula (1):

wherein R1 represents either a lower alkyl group, a phenyl group, or a substituted phenyl group;
R2 and R3 can be equal or different and selected from an alkyl group, an alkyloxy group, and a cyano group;
each of n1 and n2 represents an integer selected from the combinations [n1 = 2, n2 = 1] and [n1 = 3, n2 = 0]; and
each of n3 and n4 independently represents an integer from 0 to 4.

4. The heterocycle-containing iridium complex compound according to claim 3, further represented by any one of the
following structural formulae (2-1) to (2-4):
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